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One Cikanlar

e [PC, matematiksel problem ¢dzmede bilissel ve sosyal becerileri
butinlestirir.
e Matematik derslerinde etkili IPC igin 6gretmen rehberligi
gereklidir.
e IPC, dgrenci etkilesimi, yaraticilik ve matematiksel akil yiiriitmeyi
gelistirir.
(o}
Bu calisma, isbirlikli problem ¢ézmenin (IPC) kavramsallastiriimasi,
kapsami ve matematik egitimi baglaminda uygulanabilirligi lzerine
detayli bir inceleme sunarak, bu yaklasimin hem teorik hem de pratik
yénlerine 1sik tutmayr amaglamaktadir. 21. yiizyilda IPC, 6drencilerin
hem bilissel hem de sosyal becerilerini gelistiren, egitim ve is diinyasinda
basari icin kritik bir beceri olarak éne ¢ikmaktadir. IPC'nin temel
unsurlari arasinda is birligi, miizakere ve paylasim gibi sosyal
etkilesimler ile bilissel problem ¢ézme siirecleri yer almakta ve bu
siiregler grup dinamikleri ile desteklenmektedir. Matematik egitimi, 21.
yiizyil becerilerinin gelistirilmesinde ve IPC gibi yenilik¢i becerilerin tesvik
edilmesinde merkezi bir rol oynamaktadir. IPC, &grencilerin
matematiksel problem ¢ézme siireglerinde is birligi yapmalarini, fikir
alisverisinde  bulunmalarini  ve yaratici  diisiinme  becerilerini
gelistirmelerini tesvik eden sosyal bir yaklasimdir. Matematik
siniflarinda IPC siirecinde 6g§retmenler, yalnizca bilgi aktarici dedil, ayni
zamanda 6grencilerin anlam olusturma slireclerine rehberlik eden bir
kolaylastirici olarak kritik bir rol oynar. Calismalar, IPC siireclerinin
otorite iliskileri, geri bildirim déngiileri ve (stbilissel séylemler
araciligiyla  6grenci  etkilesimlerini ve  matematiksel  kavrayisi
derinlestirdigini géstermektedir. Sonu¢ olarak, IPC’'nin matematik
editimine entegrasyonu, égrencilerin matematiksel basarisini artirirken,
kapsayici ve etkilesimli bir 6grenme ortami yaratiimasina katkida
bulunur. IPC ve matematik editimi iizerine yapilan bu kapsamii ¢calisma,
bu alanlarin gelecekteki arastirma ydnelimleri ve uygulayicilar igin
6neriler sunmaktadir.

Anahtar Kelimeler: isbirlikli problem ¢ézme, 21. yiizyil becerileri, grup
calismasi, matematik egitimi
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1. Giris

21. yuzyilin hizla degisen diinyasinda, egitim sistemlerinin 6grencilere yalnizca bilgi
aktarimi sunmasinin 6tesinde bir anlayis benimsemesi gerekliligi giderek daha fazla
vurgulanmaktadir. Bu baglamda, kiresel egilimler, 6grencilerin hem bireysel hem de grup
calismasinda etkili olabilmelerini saglayacak becerilere sahip olmalarini zorunlu kilmaktadir
(Ekonomik isbirligi ve Kalkinma Orgiiti [Organisation for Economic Co-Operation and
Development-OECD], 2017). Bu dogrultuda, OECD’nin Egitim 2030 Vizyonu, isbirlikli problem
¢6zme (iPC) becerisini 21. yiizyilin en kritik yetkinliklerinden biri olarak tanimlamakta ve
egitimin gelecegi icin temel bir gereklilik olarak vurgulamaktadir (Cao, 2024). iPC, iki ya da daha
fazla bireyin, belirli bir probleme yonelik ortak, uygulanabilir bir ¢6zim Uretmek ve bunu
surdirebilmek amaciyla beceri ve bilgilerini paylasarak yarattikleri esglidimli ¢abalar ifade
eder (OECD, 2017). Bu siireg, hem bilissel hem de sosyal becerileri gelistirerek bireylerin
karmasik problemleri daha etkili bir sekilde ¢ézmelerine yardimci olur (Zhang vd., 2022).
Kiiresel egitim egilimleri géz 6niinde bulunduruldugunda, &grencilerin iPC vyeterliklerinin
gelistirilmesi giderek daha kritik hale gelmektedir.

IPC’nin 6nemi, 6zellikle matematik egitimi baglaminda giderek artmaktadir. Bireylerin
analitik diisinme ve problem ¢6zme becerilerini gelistiren temel bir disiplin olarak matematik,
is birlikli 6grenme igin saglam bir zemin sunmaktadir (Fitzsimons & Ni Fhloinn, 2024).
Matematigin geleneksel bireysel 6grenme vyaklasimlari soyut kavramlarin anlasilmasinda
gicliiklerle sonuglanabilmekteyken, iPC &grencilerin kavramsal anlayislarini derinlestiren ve
problem ¢6zme becerilerini daha etkili bicimde pekistiren bir yaklasim olarak éne ¢ikmaktadir
(Jarry-Shore & Richardson, 2024; Liljedahl & Cai, 2021). Bu baglamda, 6grenciler matematiksel
problemleri is birligi icerisinde ¢ozerken hem bilissel hem de sosyal beceriler gelistirir, farkl
bakis agilarini anlama ve matematiksel kavramlari tartisma firsati elde ederler (Andrews-Todd
vd., 2023). Bu nedenle, iPC’'nin matematik siniflarina nasil etkili bir bicimde entegre
edilebileceginin anlasilmasi hem kuramsal arastirmalar hem de uygulamali incelemeler
acisindan 6nemli bir alan olmayi stirdiirmektedir.

Bu calismada, 6zellikle matematik egitimi baglaminda iPC’nin kuramsal ve uygulamali
yonleri kapsamli bicimde incelenmektedir. ilk olarak, “IPC nedir ve ne degildir?” sorularina
kapsamli bir yanit sunulmaktadir. Bu dogrultuda, is birlikli 6grenme, matematiksel problem
¢6zme, IPC’nin dogasi ve temel unsurlari, IPC’nin kavramsallastiriimasi, iPC cerceveleri ve iPC
becerilerinin gelistiriimesi ve degerlendirilmesine yonelik giincel yaklasimlarin yani sira, iPC’nin
bilissel-sosyal beceri gelisimindeki 6énemi (zerine ayrintili igerik sunulmaktadir. Sonrasinda,
IPC’nin matematik egitimindeki rolii ele alinmakta; ardindan, matematik siniflarinda IPC
surecindeki 6gretmen roli ve uygulanabilecek pedagojik yaklasimlar tartisiimaktadir. Son
olarak, matematik egitiminde iPC ve 6grenci etkilesimlerine dayali calismalardan elde edilen
yansimalar paylasiimaktadir.

1.1. Arastirmanin Amaci ve Onemi

Her ne kadar matematik egitiminin dogasi geregi problem ¢dézme becerilerine siklikla
vurgu vyapilsa da, bu siirecte iPC’nin roliine iliskin arastirmalar sinirlidir (Jarry-Shore &
Richardson, 2024; Osuna & Munson, 2024). Ozellikle, iPC’nin matematik siniflarindaki rolii ve
Onemi literatirde yeterince ele alinmamistir. 21. ylzyill becerilerinin egitim programlarina
entegrasyonuna yonelik kiresel vurgular dikkate alindiginda, matematik egitimi baglaminda
iPC’nin kuramsal ve uygulamali yénleriyle daha derinlemesine arastiriimasi biyiik énem
tasimaktadir. Matematik egitiminde iPC’nin daha iyi anlasilmasi, dgretim uygulamalarinin
gelistiriimesine, daha etkili pedagojik stratejilerin belirlenmesine ve bilissel-sosyal becerileri
desteklemeyi amaclayan 6gretim programlarinin tasarimina katki saglayabilir. Bu baglamda, bu
calisma IPC’nin gesitli boyutlarini kapsamli bicimde incelemeyi, matematik egitimi baglaminda
pedagojik temellerini, 6gretmenlerin roliinii ve 6grencilerin bilissel, sosyal ve akademik
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gelisimleri Gzerindeki etkilerini analiz etmeyi amaclamaktadir. Ayrica, bu ¢alismanin temel odak
noktalarindan biri, matematik 6gretmenlerinin iPC siireclerinde nasil rehberlik edebilecegini ve
IPC’nin  etkililigini artirmak amaciyla hangi pedagojik stratejilerin uygulanabilecegini
incelemektir. Bu ¢alismanin, iPC’nin matematik derslerine entegrasyonuna iliskin kuramsal ve
uygulamali yonleri net bir sekilde ortaya koyarak literatlire katki sunmasi beklenmektedir.
Bununla birlikte, bu calismanin, matematik egitimi baglaminda iPC’nin kuramsal ve uygulamali
yonlerini ayrintili bir bicimde ele alarak hem egitimcilere hem de arastirmacilara degerli bakis
acilari sunmasi beklenmektedir.

2. iP¢’nin Kuramsal Temelleri
2.1. isbirlikli Ogrenme Nedir?

GUnUmuiz dinyasinda kiresel sistem, derin ve karmasik déniisiimlerden gegcmektedir.
Bu degisimlere uyum saglamak ve sirdirilebilir kalkinmayi desteklemek amaciyla pek ¢ok tlke
ve uluslararasi kurulus, 6grencilerin 21. yizyil becerilerinin gelistirilmesine yonelik ¢abalara
odaklanmaktadir. Bu dogrultuda, geleneksel bilgi anlayisinin 6tesine ge¢cmek ve o6grencileri
Egitim 4.0 ile uyumlu c¢agdas yetkinliklerle donatmak giderek daha 6nemli hale gelmektedir
(Osuna & Munson, 2024). Bu siregte, is birligi ve problem ¢ézme becerileri; 6grenme, ¢alisma
ve yasam sireclerinde 6grencilerin ihtiya¢ duydugu temel yetkinlikler olarak 6ne ¢ikmakta ve
egitim hedefleri ile 6grenme iceriklerinde giderek daha fazla dncelik kazanmaktadir (Hansen,
2022).

Roschelle ve Teasley (1995), is birligini “katilimcilarin bir problemin ¢éziimiine iligskin
ortak bir anlayisi insa etmek ve strdirmek icin gergeklestirdikleri esgiidiimli ve eszamanli bir
etkinlik” olarak tanimlamistir. Buna ek olarak, is birlikli 6grenme, bireylerin bir problemi
¢ozmek amaciyla gruplar halinde galistiklari bir 6gretme ve 6grenme yaklasimidir (Tedla &
Chen, 2024). Ogrenmenin sosyal bir dogaya sahip oldugu ve akranlar arasi etkilesimler yoluyla
anlam kazandig fikri, isbirlikli 6grenmenin temelini olusturmaktadir. Bu baglamda, bilgi, is
birligi stireci boyunca bireylerin aktif etkilesimiyle yapilandiriilmaktadir (Chen vd., 2018).

isbirlikli  ®grenmenin kuramsal temeli sosyal vyapilandirmacihik yaklasimina
dayanmaktadir. Yapilandirmaci yaklasimin is birlikli 68renme Uizerindeki etkisi de bu cercevede
degerlendirilmektedir; zira 6grencilerin sosyal etkilesimler araciligiyla daha derin ve anlaml
dgrenme deneyimleri yasadiklari gésterilmistir (Yang, 2023). isbirlikli 6grenmenin sagladigi
kazanimlar incelendiginde, yalnizca 6grencilerin akademik basarilarinin degil, ayni zamanda
sosyal ve psikolojik gelisimlerinin de 6nemli 6l¢lide arttigi gortilmektedir. Elestirel disiinme ve
problem ¢6zme becerilerinin gelisimine katki saglayan bu yaklasim, ayni zamanda destekleyici
bir 6grenme toplulugu olusturulmasina yardimci olmakta ve 6grencilerin kaygi diizeylerinin
azaltilmasina katkida bulunmaktadir (Hakkinen vd., 2017). Johnson ve Johnson (2009), grup
calismalarinin “etkilesimler igin bir uyarici” islevi gordigiini belirtmis; bu siirecte 6grencilerin
iletisim becerilerini gelistirdiklerini ve akil ylritme yetilerini daha derinlemesine kullanarak
o0grenme siirecine katkida bulunduklarini ifade etmislerdir.

2.2. Matematiksel Problem C6zme: Kuramsal Temelleri ve Egitimdeki Rolii

Son yillarda problem ¢6zme, matematik egitiminin merkezinde yer almakta ve bu
konunun egitimdeki kritik roll arastirmacilar tarafindan sikgca vurgulanmaktadir (Santos-Trigo,
2024). Bu baglamda, Krulik ve Rudnick (1989), problemi “¢éziim yolunun hemen belli olmadigi
bir durum” olarak tanimlamis ve bu tanim, matematiksel disiinmenin karmasikligini ortaya
koymustur. Matematik, bireylerin kendi bilgilerini yapilandirdiklari bir slre¢ olarak en iyi
sekilde 6grenilir ve bu sirecte problem ¢ozme, 6grenmenin gerceklesmesi icin 6nemli bir
aractir (Safstrém vd., 2024). Problem ¢6zme, en yalin haliyle, bireyin mevcut bilgi, beceri ve
anlayislarini  kullanarak alisilmadik bir durumun gereklerini karsilamasi slireci olarak
tanimlanabilir (Krulik & Rudnick, 1989). Ayni zamanda problem ¢6zme, belirsizlik karsisinda bir
hedefe ulagsmak icin strateji gelistirme cabasi olarak da goriilebilir (Hesse vd., 2015). Bu sireg,
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timevarimsal diisinmeden timdengelimsel disiinmeye dogru ilerleyen bir yapiyi icerir ve
karmasik problemler ¢ogu zaman c¢ok asamal ¢6zim sireclerini gerektirir (Liljedahl & Cai,
2021).

Matematiksel problem ¢6zme, bireylerin bilissel ve yaratici becerilerini gelistirmelerine
olanak taniyan dinamik bir sirectir (Foster, 2023). Matematiksel problem ¢dzmeye aktif
katihm, 6grencilerin esnek dislinme, yaraticilik ve tUretkenlik gibi becerileri edinmesine katkida
bulunur. Bu beceriler, egitimde basarinin temel dayanaklari arasinda yer almaktadir (Safstrom
ve dig., 2024).

Pélya’nin 1945 yilinda yayimladigi How to Solve It (Nasil Cozmeli?) adl eseri, problem
¢O6zme silirecine iliskin dort temel asama ortaya koymustur ve bu asamalar gliniimiiz matematik
egitiminin temelini olusturmaya devam etmektedir. Bu asamalar; problemi anlama, bir plan
olusturma, plani uygulama ve geriye donlp degerlendirme biciminde siralanmistir. Pélya’nin
calismalari ve onu izleyen arastirmalar, problem ¢ézmeyi bilissel bir slire¢ olarak ele almis ve
ogrencilerin derinlemesine anlam gelistirebilmeleri icin stratejiler kullanmalari gerektigini
vurgulamistir (Schoenfeld, 1985). Mason ve digerleri (2010), problem ¢6zmeye yonelik
yapilandiriimis yaklasimlar gelistirmis ve bu slregcte matematiksel dilin 6nemine dikkat
¢cekmistir. PSlya’nin galismalarini genisleten OECD (2014), 6grencilerin problem ¢6ziicii bireyler
olarak gelismeleri icin gerekli yeterlikleri dort kategoride siniflandirmistir: kesfetme ve anlama;
temsil etme ve bicimlendirme; planlama ve uygulama; izleme ve yansitma. Bu siregler,
problem ¢6zme asamalarinin sirayla degil, ¢cogu zaman paralel bicimde ilerleyebilecegini
gostermektedir. Son vyillarda, matematikte problem ¢6zme giderek daha fazla is birlikli bir
yaklasima evrilmistir. Pélya’nin galismalari, 6grencilerin matematikgilerin bireysel stratejilerine
benzer bireysel problem ¢dzme deneyimleri yasamalari gerektigini one siirerken; glinimiizde
bu deneyimlerin is birlikli bir ortamda paylasilmasi ve gelistiriimesi tesvik edilmektedir
(Fitzsimons & Ni Fhloinn, 2024).

2.3.iPG: 21. Yiizyil Becerisi

21. yluzyil, bireylerin yasam tarzlarini, 6grenme bicimlerini ve is yapma yontemlerini,
onlari buylk gruplarla gercek zamanli olarak baglanti kurabilir hale getirerek dontstiirmektedir
(Care & Kim, 2018; ilhan & Pogan, 2024). Bu yeni yetkinlikler, egitim programlarini yeniden
sekillendirmekte ve OECD ile 21. Yizyil Ogrenme Ortakligi (Partnership for 21st Century
Learning, 2016) gibi kuruluslar, iPC’yi 6ncelikli bir beceri olarak tanimlamaktadir (OECD, 2017).
Bu beceri, 6grencilerin hem egitim ortamlarinda hem de mesleki hayatta grup calismalarinda
basarili olabilmeleri icin gerekli olan disiplinlerarasi bir yetkinlik olarak goérilmektedir. Bu
baglamda, IPC yalnizca bir 6gretim araci degil, ayni zamanda modern egitimin stratejik bir
hedefi olarak degerlendirilmektedir (Jarry Shore & Richardson, 2024).

Kiresel sosyoekonomik degisimler ve bilgi teknolojilerindeki gelismeler, is birligi
temelli becerilere olan ihtiyaci artirmaktadir. OECD’nin “Egitim 2030” projesi de bu becerileri,
ogrencilerin karmasik problemlerle basa cikabilmeleri ve ekip ¢alismalarinda etkili olabilmeleri
acisindan vazgegilmez unsurlar olarak degerlendirmektedir (Cao, 2024). Teknolojinin hizli
gelisimi ve dijital ortamlarin yaygin bicimde benimsenmesi, bireyler arasi is birligini
kolaylastirmakta; farkli cografi bolgelerdeki insanlarin gergcek zamanh olarak birlikte
cahisabilmesini mimkin kilmaktadir. Bu durum, hem egitim alaninda hem de is diinyasinda
IPC’nin 6neminin giderek artmasina yol agmaktadir (Siddiq & Scherer, 2017).

2.4. iP¢’nin Dogasi ve Temel Unsurlari

IPC kavraminin kdkeni, O’Neil ve digerlerinin (1992) calismalarina dayanmaktadir.
O’Neil ve digerleri IPC’yi, bir grup icerisindeki etkilesimler yoluyla gerceklesen bir dizi problem
¢6zme gorevi olarak tanimlamistir. Bu etkilesimler; uyum saglama becerisi, esglidim, karar
verme, kisilerarasi beceriler, liderlik ve etkili iletisim gibi temel faktorlerle sekillenmektedir. iPC
becerileri, bireylerin grup etkinliklerine aktif katilimini, ortak bir anlayis gelistirilmesini, ¢cozim
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yollarinin belirlenmesini ve problemin ¢oziime kavusturulmasini kolaylastirir. Bu beceri, iki
temel &geyi icerir: is birligi ve problem ¢dzme (OECD, 2017). is birligi diizeyi, grup lyeleri
arasindaki sosyal etkilesimlerin derinligini yansitir; karsilikh anlayis, ekip organizasyonu ve
uzlasi, etkili iletisim yoluyla kurulur, stirdirilir ve gerceklestirilir. Bu stireg, hem kisilerarasi
dinamikleri hem de bireysel bilissel etkilesimleri kapsar. Problem ¢ozme diizeyi ise bilgi
toplama, kesfetme, anlama ve planlari uygulama gibi sirecleri icerir. Bu sireg, bireylerin
psikolojik 6zelliklerini yansitan bilissel bir etkilesim yapisi olarak karsimiza ¢ikar (Cao, 2024).

Uluslararasi Ogrenci Degerlendirme Programi (Programme for International Student
Assessment [PISA], 2015) ve uluslararasi bir organizasyon olan 21. Yizyill Becerilerinin
Degerlendirilmesi ve Ogretimi (Assessment and Teaching of 21st Century Skills [ATC21S])
projeleri kapsaminda da IPC yeterligi; is birligi (sosyal beceriler) ve problem ¢ézme (bilissel
beceriler) olmak lizere iki ana bilesene ayrilarak yeniden yapilandirilmistir. iPC, ayni zamanda
bireylerin sosyal cevreyle etkilesimleri araciligiyla Ust diizey bilissel beceriler kazandiklari bir tar
sosyallesme bicimi olarak da degerlendirilmektedir. Bu durum, is birligi ve problem ¢6zmenin
birbirinden ayri degil; aksine birbirini tamamlayan ve karsilikli olarak destekleyen unsurlar
oldugunu gostermektedir (Zhang vd., 2022).

Ozetle, iPC’'nin temel 6zellikleri konusunda genel bir uzlasi bulunmaktadir. Birincisi, IiPC
hem sosyal hem de bilissel boyutlara sahiptir. ikincisi, IPC; takim (yeleri arasinda iletisim,
etkilesim, bilgi paylasimi ve ortak anlayisin gelistirilmesini icerir. Uglinciisii ise, iPC dogrudan
gozlemlenebilir bireysel bir beceri olmaktan ¢ok, karmasik is birligi durumlarinda ortaya gikan
ortiik bir beceri olarak kabul edilmektedir (Hesse vd., 2015). Sonug olarak, iPC yeterligi; is birligi
ve problem ¢6zmenin 6zelliklerini iceren, bilesik yapili, siirece dayali ve ortiik bir yetkinlik
olarak degerlendirilmektedir.

2.5. iPC’nin Kavramsallastiriimasi

OECD’nin PISA 2015 degerlendirmesine gére iPC, bireyin iki veya daha fazla tiyeden
olusan bir grupla etkin bir sekilde etkilesimde bulunarak anlayis alisverisinde bulunmasi,
uzlasmaya varmasi, ¢oziimler belirlemesi ve kolektif bilgi, beceri ve eylemleri birlestirerek
sorunlari etkili bicimde ¢o6zme yetenegi olarak tanimlanmistir. PISA cercevesinde problem
¢6zme ve sosyal is birligi becerileri, IPC baglaminda bir araya getirilmistir (OECD, 2017). Bu
tanim, iPC siirecinde grup dinamiklerinin énemini vurgularken, bireylerin bilissel ve sosyal
becerilerinin gelisimine de katki sagladigini belirtmektedir (Andrews-Todd & Forsyth, 2020).
OECD tarafindan yapilan ve literatirde yaygin kabul géren bu tanim, cesitli kuramlar ve
kavramlar araciligiyla genisletilmistir.

ATC21S ise IPC'yi “bir takimda yer alan diger bireylerin bakis acisini tanima; bilgi,
deneyim ve uzmanliga yapici katki sunma; katki ihtiyacini belirleme ve katkilari yénetme; bir
problemi ¢ézmeye iliskin yapiyl ve slireci tanima; ve takim Uyesi olarak grup bilgisini ve
anlayisini insa etme ve gelistirme becerileri” olarak tanimlanmistir (Chai vd., 2024). ATC21S’e
gore IPC, grup Uyelerinin gercekgi bir durumdan ideal bir hedefe ulasmak igin bir dizi adimi
birlikte tamamladigi ortak bir etkinliktir (Cao, 2024). Bu tanim, grup Uyelerinin hedefe ulasmak
icin is birligi yaparken birbirlerinin bakis agilarini dikkate aldiklarini ve ¢6ziim siirecinde etkin
rol Ustlendiklerini vurgulamaktadir. Dolayisiyla ATC21S projesi, IPC’yi elestirel diisiinme,
problem ¢6zme, karar verme ve is birligi becerilerinin bir bilesimi olarak tanimlamaktadir (Care
vd., 2016). PISA ve ATC21S'in iPC tanimlari arasinda énemli farkliliklar bulunmaktadir. PISA’nin
tanimi bireylerin bilgisayar ajanlariyla is birligine odaklanirken, ATC21S tanimi insan katilimcilar
arasindaki etkilesimi 6n plana gikarmaktadir (Chai vd., 2024).

Her ne kadar farkli calismalarda iPC’ye dair cesitli tanimlar yapilmis olsa da, tim
tanimlar ortak olarak ¢ozilmesi gereken bir ortak hedefin varligini isaret etmekte ve bu
hedefin bireysel olarak degil, yalnizca grup etkilesimiyle basarilabilecegini vurgulamaktadir
(Graesser vd., 2018). Arastirmalar, IPC becerilerinin dgretilmesi ve gelistiriimesinin dnemine
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dikkat cekmektedir (Cao, 2024). Ancak, giinimiizde IPC becerilerinin tanimi ve
kavramsallastirilmasina yonelik yeterli bilimsel kanit heniiz mevcut degildir (Chai vd., 2024; Sun
vd., 2020). Arastirmacilar iPC kavramini ve tanimini benimsediklerinde, bu alanda farkli
kuramsal modellerin ortaya ¢ikmasi beklenmektedir.

3. Kuramsal Modeller, Gergeveler ve iPC’de Degerlendirme Yaklagimlar
3.1. iPC Gergeveleri: Bilissel ve Sosyal Boyutlarin Entegrasyonu

21. yizyilda IPC becerilerinin dnemi arttikca, arastirmacilar bu becerilere iliskin
davranislari, degerlendirme yontemlerini ve yetkinlikleri tanimlayan c¢esitli kuramsal modeller
ve cerceveler gelistirmektedir (6r., Hesse vd., 2015; OECD, 2017). Bu kuramsal cerceveler,
iPC’nin bilissel, sosyal ve davranissal yénlerini biitiinciil bicimde analiz ederek beceri gelisimine
katki saglamaktadir.

IPC’nin temel boyutlarina odaklanan ilk yaklasimlardan biri, Roschelle ve Teasley (1995)
tarafindan gelistirilen ortak problem alani modeli (joint problem space model) olmustur. Bu
modelde, ekip lyeleri hedefler, problemler ve olasi ¢oziimlere iliskin bilgileri paylasir. Modelin
merkezinde yer alan “ortak problem alani” ekip Uyeleri arasinda miuzakere siireglerinin
gerceklesebilmesi icin kurulmasi gereken bilissel bir yapiyi ifade eder (Andrews-Todd &
Forsyth, 2020).

iPC’ye yonelik bir diger erken dénem cerceve, pedagojik odakl olup Nelson (1999)
tarafindan gelistirilmistir. Bu model, ekip lyelerinin etkili bir is birligi icin gerceklestirmesi
gereken bir dizi eylemi tanimlar. Ornegin, ekip Uyelerinin bireysel ve ortak ¢alismalara zaman
ayirmalari, ilgili bilgi ve kaynaklari belirlemeleri ve paylasmalari gerektigi belirtilir (Sun vd.,
2020).

iPC’ye iliskin cerceveler arasinda en yaygin kabul gérenlerden biri, Hesse ve digerleri
(2015) tarafindan ATC21S projesi kapsaminda gelistirilen IPC vyeterlik cercevesidir. Bu
cercevede, sosyal ve bilissel beceriler ile bu degiskenlerin tanimlanmasi 6n plandadir. Sosyal
beceriler g alanda siniflandirilir: katilim, bakis acisi alma ve sosyal diizenleme. Bilissel beceriler
ise gorev diizenleme ve bilgi insasi olarak iki temel baslikta ele alinir.

Guncel calismalar, sosyal ve bilissel beceri kiimeleri arasindaki karmasik iliskilere
odaklanmaktadir. Arastirmalar, yiksek diizeyde sosyal becerilere sahip katilimcilar arasindaki
etkilesimlerin, yiksek nitelikli bilissel katilimi kolaylastirabilecegini géstermektedir. Clink( aktif
sosyal etkilesimler, etkili geri bildirim iletiminin yani sira grup icinde ortak planlama ve
uygulama siireclerini destekler. Ote yandan, bilissel beceriler problem ¢ézme siirecinin
basariyla tamamlanmasini saglar (Liu vd., 2015). Bu nedenle, iPC’ye iliskin sosyal ve bilissel
beceriler dogal olarak birbirine baghdir ve bu becerilerin sergilenmesi durumsal ihtiyaclara
gore sekillenir (Hesse vd., 2015).

PISA cergevesi, bireysel problem ¢dézmenin dért asamasi ile li¢ temel is birligi becerisini
bitiinlestirerek 12 yetkinlikten olusan bir matris gelistirmistir. Bu modele gére, iPC igin g
temel sosyal yetkinlik tanimlanmistir: problemi ¢dzmek icin eylem baslatma, ekip yapisini
organize etme ve siUrdirme. Bu U¢ sosyal beceri, dort bilissel/problem ¢6zme sireciyle
kesiserek beceri matrisini olusturur: kesfetme ve anlama, temsil etme ve bicimlendirme,
planlama ve uygulama, izleme ve yansitma (OECD, 2017). Bu beceriler matrisi; ekip tyelerinin
bakis acilarini ve yetkinliklerini ortaya ¢ikarma, gorevleri tanimlama ve agiklama, ekip
organizasyonunu sirdiirme, rolleri denetleme ve yapici geri bildirim saglama gibi yetenekleri
icerir (Chai vd., 2024).

Benzer sekilde, iPC ontoloji cercevesi, iPC yapisini sosyal ve bilissel olmak Uzere iki
boyuta ayirir. Sosyal boyut, is birligi ve ekip calismasina; bilissel boyut ise problem ¢dézme
siireclerine odaklanir. Bu cerceve, bilgisayar destekli iPC etkinlikleri sirasinda sohbet mesajlari
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ve kayitli olaylar (6rnegin, 6grencilerin parametre girislerini ayarlamasi) gibi kaynaklardan veri
toplar (Andrews-Todd & Forsyth, 2020).

IPC yeterliginin gelistirilmesine ydnelik olarak, Sun ve digerleri (2020), iPC yeterligini (¢
ana boyutta tanimlayan genel bir model 6nermistir: ortak bilgi insasi, miizakere/koordinasyon
ve takim islevinin siirdirilmesi. Sun ve digerlerinin modeli, iPC’nin yapisal bilesenlerine
odaklansa da bilgisayar destekli is birligi, takim calismasi veya problem ¢6zme gibi diger
terimlere vurgu yapmaz. Bu model, IPC becerilerinin degerlendirilmesinde &nemli bir adimi
temsil eder ve hem uzaktan hem de yilz yize insan-insan etkilesimlerinin analizinde
kullanilabilir (Sun vd., 2020).

Alternatif bir cerceve ise, IPC’nin bilissel ve sosyal boyutlarinin bilgi insasini
desteklemedeki bitilinlesik islevlerine odaklanir. PISA ve ATC21S cercevelerine dayali olarak, bu
model Ozellikle bilgisayar destekli is birlikli 6grenme ortamlari icin gelistirilmistir. Model,
dgrenci sdylemlerini analiz ederek ve konusma metin verilerini inceleyerek IPC becerilerini
degerlendirir. Bu gerceve dort temel beceriyi icerir: kaynak/fikir paylasimi, bilgi/bakis agisi
benimseme ve uyarlama, problem ¢ézme fikirlerini organize etme, olumlu iletisimi strdirme.
Ayrica bu doért beceri bashgi altinda toplam 33 alt kategori tanimlanmustir (Liu vd., 2015).

3.2. iPC Becerilerinin Gelistiriimesine ve Degerlendirilmesine Yonelik Giincel Yaklasimlar

iPC, bireylerin hem sosyal hem de bilissel becerilerini kapsayan karmasik bir yapidir. Bu
karmasiklik, IPC becerilerinin 6lgiilmesini zorlastirmaktadir (Chai vd., 2024). iIPC becerilerinin
etkili bir bicimde 6gretilebilmesi icin, bu becerilerin nasil dlgiilecegi ve degerlendirilecegine
iliskin sistematik bir ¢ercevenin gelistiriimesi gerekmektedir. Bu amagla c¢esitli kuramsal
modeller ve ¢ergeveler olusturulmustur (Hesse vd., 2015; OECD, 2017; Sun vd., 2020). Ancak,
iIPC becerilerinin degerlendirilmesi konusunda héalen bir uzlasi saglanabilmis degildir.
Degerlendirme siirecine yon verecek sistematik bir cerceve olmadan, iPC becerilerinin hem
Ogretimi hem de 6l¢limu etkin bir sekilde gerceklestirilememektedir (Andrews-Todd vd., 2023).

ATC21S ve PISA gibi cerceveler iPC’nin degerlendiriimesinde yaygin olarak
kullanilmakta olup cesitli avantaj ve dezavantajlara sahiptir (Graesser vd., 2018). PISA, iPC
becerilerini insan-bilgisayar etkilesimleri lGzerinden degerlendirirken, bu yaklasimin gercek
sosyal etkilesimlerden uzak kalmasi 6nemli bir sinirlilik olarak 6ne ¢ikmaktadir (Sun vd., 2020).
Ote yandan, ATC21S cercevesi insan-insan etkilesimlerine odaklanmaktadir; ancak bu
yaklasimin genis 6lcekli degerlendirme ortamlarinda kontroli oldukga zordur (Hesse vd., 2015).
Bu sinirliliklarin 6tesinde, gercek yasam senaryolarina dayali insan-insan etkilesimlerini esas
alan daha karmasik degerlendirme yaklasimlarina olan ihtiyag¢ giderek artmaktadir (Care vd.,
2016).

IPC becerileri, dijital ve vyiz vyiize ortamlarda uygulanan c¢esitli ydntemlerle
degerlendirilmektedir (6rnegin; anketler, testler, gozlemler, sesli diisinme protokolleri). Ancak
bu yontemler, bazen farkli alanlara uygulanabilirlikten yoksundur ve yanlis tanimlanmis
maddeler veya sosyal olarak arzu edilen yanitlama gibi 6z-bildirim yanhliklariyla karsi karsiya
kalabilir. Ayrica, geleneksel goktan secmeli testler, siirece dayali yapilar olan iPC gibi becerileri
olcmekte yetersiz  kalmaktadir. Bu durum, bilgisayar tabanli ortamlarin iPC
degerlendirmelerinde kullanimina yonelik ilgiyi artirmaktadir (Chai vd., 2024). Ancak, bilgisayar
ortamindan elde edilen veriler izerinden hedeflenen becerilerin nasil tanimlanip Olglilecegi
konusunda islevsellestirme sorunu bulunmaktadir. Neyse ki, son vyillardaki yontemsel
gelismeler bu tiir zorluklarin asilmasina katki saglamis ve bilgisayar tabanli IPC
degerlendirmelerinin uygulanabilirligini artirmaktadir (Andrews-Todd & Forsyth, 2020). Ayrica,
bu siureg¢ insan degerlendiricilere ihtiya¢ duyulmaksizin, dogal dil isleme (natural language
processing) teknikleri kullanilarak otomatik hale getirilebilmektedir (Andrews-Todd vd., 2023).

IPC becerilerinin sistematik bicimde 6gretilebilmesi ve degerlendirilebilmesi icin
yonlendirici ilkelere ve modellere ihtiyag¢ vardir (Fitzsimons & Ni Fhloinn, 2024; Sun vd., 2020).
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Bununla birlikte, IPC degerlendirme siirecinde kullanilan araglarin &zelliklerine, uygulanan
kuramsal modellere ve bu testlerin psikometrik niteliklerine dair ayrintili bilgiler sunan
derinlemesine calismalar vyetersizdir. iPC degerlendirme araglarinin gelecekte daha etkili
bicimde gelistirilebilmesi icin, s6z konusu bilgiler bir araya getirilerek kapsamli bicimde
incelenmeli ve bu alandaki bilgi butlinliga saglanmalidir (Chai vd., 2024).

4. Matematik Egitiminde iPC: Pedagojik Perspektifler ve Ampirik Bulgular
4.1. Matematik Egitiminde iPC’nin Rolii ve Onemi

21. ylzyll becerilerinin gelistirilmesi ve vyenilik¢i yetkinliklerin tesvik edilmesi,
matematik egitimi reformlarinin temel unsurlarindan biridir Bu becerilerden biri olan iPC,
¢agdas egitim arastirmalari ve matematik egitimi icinde merkezi bir rol oynamaktadir.
Matematik, Ogrencilerin hem is birligi farkindaligini hem de problem ¢6zme becerilerini
gelistirmelerine 6nemli katkilar saglar (Jarry-Shore & Richardson, 2024). Nitekim, 2015 PISA
raporu da matematik egitiminde iPC’nin 6nemini 6zellikle vurgulamistir (OECD, 2017).

Matematik siniflari, 6grencilerin IPC becerilerini gelistirmeleri icin vazgegilmez bir
ortam sunar. Geleneksel oOgretmen merkezli siniflarda, grup c¢alismasinin ve Ogrenci
etkilesiminin ihmal edilmesi, ¢cogu zaman 6grencilerin matematiksel kavramlari yalnizca ezber
yoluyla anlamaya galismalariyla sonuglanmaktadir (Lu vd., 2023). Ancak giinimiizde matematik
egitimi, bireysel problem ¢6zme yontemlerinden is birlikli yaklasimlara gegisin dnemini giderek
daha fazla vurgulamaktadir (Pruner & Liljedahl, 2021).

Matematik yalnizca bireysel bir etkinlik olarak degil, baskalariyla is birligi icinde anlam
gelistirmenin gerceklestigi sosyal bir etkinlik olarak da gorilmelidir. Bu baglamda, matematik
siniflarina IPC etkinliklerinin entegre edilmesi, 6grencilerin sosyal ve bilissel etkilesimlerini
artirmakta ve 6grenme sireclerini daha derinlemesine kavramalarini saglamaktadir (Smith,
2023). Schoenfeld’in modeline gére, problem ¢6zme dogrusal bir slirec degil; geri bildirim
déngiilerini iceren dinamik bir yapidir (Schoenfeld, 1985). Dolayisiyla, IPC vyalnizca
matematiksel bilgi ve becerilerin gelisimini desteklemekle kalmaz; ayni zamanda yaratici
disinme ve esneklik gibi lst dizey becerilerin gelisimine de katki saglar (Andrews-Todd vd.,
2023). Nitekim arastirmalar, IPC’nin ezbere &grenmeden ziyade tartisma ve fikir alisverisi
yoluyla 6grencilerin matematiksel kavrayislarini gelistirdigini gostermektedir (Fitzsimons & Ni
Fhloinn, 2024; Smith, 2023).

IPC’nin matematik egitimindeki bir diger dnemli yoni, 6grenci etkilesimlerine yapilan
vurgudur. Geleneksel bireysel problem ¢ézme etkinliklerinde siklikla goéz ardi edilen bu
etkilesimler, aslinda matematiksel 6grenmeyi derinlestiren temel unsurlardandir (Hansen,
2022). Ogrencilerin fikirlerini agiklama, disiinme siireclerini gerekgelendirme ve diger
dgrencilerin diisiincelerini sorgulama becerileri, iPC siireclerinde ortaya gikan ve oldukga kritik
olan yetkinliklerdir (Lu vd., 2023). Bu tiir etkilesimler, 6grencilerin problem ¢dzme siireglerini
gelistirmelerine ve matematiksel akil ylritme becerilerini gliglendirmelerine katkida bulunur
(Hansen, 2022).

iletisim, matematik egitiminde IPC’nin bir diger temel bilesenidir. Matematik
siniflarinda iletisim, o6grencilerin disincelerini ifade edebilmeleri ve diger 06grencilerle
etkilesim kurabilmeleri acisindan hayati bir beceridir (Cao, 2024). IPC sirecleri, yalnizca
bireysel bilgi yapilandirmaya dayah degildir; ayni zamanda grup Uyeleriyle iletisim ve etkilesim
yoluyla 6grencilerin bilissel siireglerini gelistirmelerine olanak tanir. Bu yaklasim, 6grencilerin
derin diisinme sireclerine katilmalarini ve (st dizey matematiksel analiz becerileri
kazanmalarini saglar (Zhang vd., 2022). Ayrica, bazi matematik siniflarinda derse aktif olarak
katilmayan 6grencilerin dislanmasi yaygin bir sorundur. Bu 6grenciler, dersten geri kalmalari,
ilgi eksikligi ya da 6zel egitim ihtiyaclari nedeniyle katilim géstermemektedir. iPC siireglerindeki
iletisim, matematik siniflarinda kapsayiciligi saglamak icin énemli bir arag olabilir (Klang vd.,
2021).
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Matematik 6gretim programlarinin dogasi geregi, IPC etkinliklerinin matematik
siniflarina entegre edilmesi kacinilmaz hale gelmistir. Matematiksel problemleri iPC
yaklasimiyla ¢cozmek, 6grencilere hem bilissel hem de sosyal yeterliklerini gelistirme firsati
sunar (Liu & Wei, 2024). Bu slrecte kullanilan stratejiler, 6grencilerin bireysel ve grup
diizeyindeki etkilesimlerini en st diizeye ¢ikarmayi hedeflemektedir. Analiz, strateji gelistirme,
uygulama ve degerlendirme gibi asamalar, iPC’nin yapi taslarini olusturmaktadir (Jarry-Shore &
Richardson, 2024). Ancak, matematik egitimi baglaminda IPC lizerine yapilan arastirmalar sinirl
diizeydedir (Graesser vd., 2018; Jarry-Shore & Richardson, 2024). Bu becerilerin matematik
egitiminde daha derinlemesine incelenmesi, IPC’nin dgrenci basarisi ve diger 6grenme ciktilar
Uzerindeki etkilerinin daha iyi anlasiimasina katki saglayacaktir.

4.2. Matematik Egitiminde iPC Siirecinde Ogretmen Rolii ve Pedagojik Yaklasimlar

Ogretmenler, IPC etkinliklerinin tasarimcisi ve kolaylastiricisi olarak, 6grencileri
yonlendirir ve grup dinamiklerini yonetirler (Liu & Wei, 2024). Ancak, 6grencilerin yalnizca
gruplara ayrilmasi, iIPC’nin basarili olmasini garanti etmez; bu siirecte 6gretmenlerin aktif
miidahalesi gereklidir (Osuna & Munson, 2024; Smith, 2023). iPC’nin etkili bir sekilde
uygulanabilmesi icin 6gretmenlerin yalnizca bilgi aktaran kisiler olmaktan ¢ikip, 6grencilerin
anlam Uretme sireglerine rehberlik eden kolaylastiricilar olarak hareket etmeleri gerekir.
Yetersiz diizeydeki is birligi, matematik 6gretmenlerinin mesleki grup 6gretimi becerilerini
zorlayabilir; ancak etkili 6gretmen yénlendirmesi, grup calismalarini ve IPC becerilerinin
gelisimini dnemli 6lglide destekler (van Leeuwen & Janssen, 2019; Li, 2024).

IPC etkinliklerinde 6gretmenler yalnizca basariya degil, siirece ydnelik becerilere de
odaklanmalidir. Ogrenci ve 6gretmenlerin is birligi siirecine odaklandiklari siniflarda, daha adil
etkilesimler, problem ({zerine daha wuzun tartismalar ve Ogrencilerin matematiksel
yeterliklerinde daha vyiiksek kazanimlar goézlemlenmektedir (Cao, 2024). Bu baglamda,
dgretmenin IPC siirecindeki rolii, sinif diizeyinde dgretici olmaktan cok, kiiciik gruplar icinde
kolaylastirici olarak konumlanmaktadir. Ogretmenler, 8grencilerin matematiksel fikirlerini ifade
edebilecekleri bir ortam sunmaldir. Matematik siniflarindaki sosyal etkilesimlerin, 6grencilerin
anlamalarini derinlestirmede etkili oldugu gésterilmistir (Smith, 2023).

Ogretmenlerin, problem ¢ézme gorevleri sirasinda égrencilerle nasil etkilesim kurdugu
da oldukca énemlidir. iPC etkinliklerine katilan dgrencilerin bulundugu siniflarda, grup tyeleri
fikirlerini tartisarak, dustncelerini gozden gecirerek ve yeni yaklasimlar deneyerek anlam insa
ederler. Ogretmenler, bu séylem ortamina miidahale ederek, 6grencilerin problem ¢ézme
stirecindeki distinme bigimlerini daha iyi anlayabilirler. Bu tir etkilesimlerde ¢esitli soylem
stratejileri  kullanarak, oOgretmenler 06grencilerin matematiksel dislinme sireglerini
derinlestirebilirler (Munson, 2019).

Zorlayici problemleri is birligi icinde ¢dzerken, 6grenciler matematiksel fikirlerini ifade
etmede veya tartismalara katilmada zorluk yasayabilirler. Ogretmenlerin bu giglikleri fark
etmesi ve bunlara uygun sekilde tepki vermesi dnemlidir (Jarry-Shore & Richardson, 2024).
Warshauer ve digerleri (2021), 6gretmenlerin matematik siniflarinda ortaya ¢ikan is birligi
gicliklerine karsi farkindaliklarinin, bu zorluklari verimli sekilde ydnetmelerine yardimci
oldugunu vurgulamaktadir. Ogretmen miidahaleleri; 6grencilerin problem ¢dzme stratejilerine
geri bildirim vermeyi, gorev siirecini desteklemeyi ve grup dinamiklerini yonlendirmeyi icerir
(Cao, 2024). Nitekim van Leeuwen ve Janssen’in (2019) calismasi, 6gretmenlerin 6grenci
performansina yonelik sagladiklari geri bildirimin, grup is birligi ve problem ¢6zme becerileri
Uzerinde olumlu etkiler yarattigini ortaya koymustur. Liu ve Wei (2024) de, 6gretmenlerin grup
gorevlerine her o6grenciyi dahil etmesi gerektigini, bunun tartisma kalitesini artirarak
ogretimsel hedeflere katki sagladigini belirtmektedir.

IPC ortamlarinda 6gretmenlerin bir diger sorumlulugu ise dgrencilere roller atamaktir.
Rol dagilimi, etkili grup dinamiklerinin olusturulmasi ve 6grenme performansinin artirilmasi
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acisindan kritik bir strateji olarak degerlendirilmektedir (Jiang vd., 2021). Arastirmalar, acgik
rollerin ve goérev dagiliminin grup Uyeleri arasinda olumlu bir karsilikl bagimlilik gelistirdigini ve
bunun hem 06grencilerin akademik basarilarini hem de 06grenme sirecine yonelik
motivasyonlarini artirdigini gostermektedir (Capar & Tarim, 2015; He vd., 2023). Sonug olarak,
dgretmenlerin IPC siirecindeki rolii, 6grenci etkilesimlerini ydnetmek ve bu siiregleri
desteklemektir. Grup dinamiklerine yonelik 6gretmen miidahaleleri, hem bireysel hem de grup
diizeyinde basariyi artirmada kritik 6neme sahiptir.

4.3. Matematik Egitiminde iPC: Ogrenci Etkilesimlerine Dayalh Calismalar

IPC, matematik egitiminde énemli bir yaklasim olarak goriilmekte ve farkl kiltirel
baglamlar, sinif ortamlari ve 06grenci gruplari Gzerinden sekillenen etkilesimlerle
bicimlenmektedir. Yapilan gesitli calismalar, IPC siireglerinin 6grencilerin bilissel ve sosyal
gelisimleri Uzerindeki etkilerini incelemekte ve bu sireglerin kiltirel, didaktik ve sosyal
dinamiklerden nasil etkilendigini ortaya koymaktadir.

Kiltlrlerarasi bir baglamda ydratilen galismalardan biri, Chan ve digerleri (2018)
tarafindan Avustralya ve Cin’deki matematik siniflarinda gerceklestirilmistir. Bu c¢alisma,
Ogrenci-0grenci ve Ogrenci-o6gretmen etkilesimlerinin her iki kiltirde de problem ¢6zme
slreglerine nasil katki sagladigini incelemistir. Bulgular, sosyal etkilesimlerin 6grenme siirecini
her iki klltirde de sekillendirdigini ortaya koymustur. Benzer sekilde, Zhang ve digerleri (2022)
Cin ve Avustralya’daki d6grenciler arasinda matematik derslerinde gergeklesen IPC siireglerinde
“anlam mizakeresini” incelemistir. Bu ¢alisma, 6grencilerin bilgi, yontem, didaktik normlar ve
sosyal/kisilerarasi etkilesim gibi unsurlara nasil odaklandigini karsilastirmistir. Sonuglar, Cinli ve
Avustralyal dgrencilerin IPC gorevlerine yaklasim bicimlerinde egitim sistemleri ve dgretim
tarzlarindaki farklihklardan kaynaklanan belirgin kiltiirel farklar oldugunu gostermistir.

Aydin (2020) tarafindan yiritilen galismada, yedinci sinif 6grencilerinin dort haftalk
bir siirecte IPC becerilerinin gelisimi izlenmistir. Bulgular, diizenli geri bildirim ve
degerlendirme saglandiginda, 6grencilerin sosyal ve bilissel becerilerinde belirgin gelismeler
yasandigini ortaya koymustur. Benzer sekilde, Lu ve digerleri (2023) matematik siniflarindaki
IPC etkinlikleri sirasinda gerceklesen bilissel ve iletisimsel siireclere odaklanmis ve erkek
dgrencilerin IPC siireclerinde daha etkili bilissel iletisim kurduklarini ve daha derin tartismalara
katildiklarini saptamistir. Langer-Osuna ve digerleri (2020) tarafindan otorite iliskileri izerine
tasarlanan bir ¢alismada, IPC siirecinde otoritenin dgrenci gruplari arasinda nasil dagildigi ve
degistigi arastinlmistir. Calismada, 6grencilerin entelektlel otoriteyi paylasma kapasitesinin,
grup ici is birligini ve matematiksel tartismalarin derinligini artirdig bulunmustur.

Andrews-Todd ve digerleri (2023) tarafindan ydritilen bir ¢alismada ise, ortaokul
ogrencilerinin bilgisayar destekli gorevler araciligiyla IPC becerileri degerlendirilmistir.
Calismada, 6grencilerin matematiksel goérevler sirasinda en sik sergiledikleri iPC becerileri
arasinda bilgi paylasimi ve ortak anlayis gelistirme yer almistir. Trkes-Yazici (2022) da ortaokul
dgrencilerinin IPC becerilerini incelemis ve dgrencilerin 6zellikle ortak anlayis gelistirme ve
probleme uygun eyleme ge¢me konularinda basarili olduklarini, ancak ekip yapisini organize
etme ve slrdiirme becerilerinin daha az gelismis oldugunu bulmustur.

Smith (2023) tarafindan yiiritilen bir diger calismada, iskogya’daki ilkokul &grencileri
arasinda IPC siirecinde yiritilen Ustbilissel tartismalarin desteklenmesi incelenmistir. Calisma,
Ustbilissel tartismalarin 6grencilerin problem ¢6zme siireglerini derinlestirdigini ve grup
dinamiklerini olumlu ydnde etkiledigini ortaya koymustur. IPC siireclerinde égrenci basarisini
artirmak amaciyla gelistirilen bir baska model ise, Fitzsimons ve Ni Fhloinn (2024) tarafindan
ortaya konan “problem c¢6zme topluluklari” (Communities of Problem-Solving [CoPs])
modelidir. Bu model, matematik derslerinde grup calismasi ve is birligi yoluyla 6grencilerin
problem ¢6zme becerilerini gelistirmeyi hedeflemektedir. Model, 6grencilerin bireysel problem
¢6zme ve iletisim becerilerini gliclendirmekte; tartisma, tahmin, elestiri, ¢6zim olusturma, akil
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ylriitme, iletisim ve genisletme olmak lzere alti asamadan olusmaktadir. irlanda’daki lise
dgrencileriyle uygulanan modelin, IPC siirecinde &grenci basarisina olumlu katki sagladig
belirlenmistir.

Bu calismalardan elde edilen bulgular, matematiksel problem ¢6zme sireclerinde is
birliginin 06grencilerin bilissel ve sosyal gelisimleri Uzerinde olumlu etkileri oldugunu
gostermektedir.  Kiltirlerarasi  karsilastirmalar, otorite iliskileri, bilissel slireglerin
gorsellestirilmesi ve Ustbilissel tartismalar, IPC siireclerinin etkililigini artiran kritik bilesenler
olarak 6ne c¢ikmaktadir. Bu baglamda, 6grenci-6gretmen etkilesimlerinin yapilandiriimasi,
kiiltirel farkliliklarin dikkate alinmasi ve bilissel siireglerin goriinir kiinmasi, iPC siireclerinin
daha etkili hale getirilmesinde 6nemli faktorler olarak degerlendirilmektedir.

5. Sonuglar

Bu calisma, matematik egitimi baglaminda iPC’nin kavramsallastiriimasini, kapsamini
ve uygulanabilirligini derinlemesine incelemeyi amacglamis; bu stirecin hem kuramsal hem de
uygulamali yénlerini aydinlatmistir. Calismada, iPC’nin ne oldugu ve ne olmadigina dair
kapsaml bir cerceve ortaya konulmus ve bu sirecte bilissel ve sosyal boyutlarin ayrilmaz bir
bitiin olusturdugu vurgulanmistir. Bu baglamda, iPC, 21. yizyilda hem egitimde hem de is
yasaminda basari i¢in kritik bir yeterlik olarak 6ne ¢ikmakta; 6grencilerin bilissel ve sosyal
becerilerinin gelisimine katki saglamaktadir (Care & Kim, 2018; OECD, 2017). iPC, bilgi
paylasimi, strateji gelistirme ve problem ¢dzme siireglerinin ekip ¢alismasina dayali olarak
bitinlesik bicimde vyiritilmesini kolaylastirir (Cao, 2024; O’Neil vd., 1992). is birligi,
miizakere, paylasim gibi sosyal etkilesimler ile bilissel problem c¢6zme sirecleri, grup
dinamikleri tarafindan desteklenen iPC’nin temel bilesenlerindendir (Chai vd., 2024; Zhang vd.,
2022). OECD ve ATC21S cerceveleri, IPC’yi sosyal ve bilissel becerilerin bitiinlesik bir yapisi
olarak gérmekte ve bu becerilerin degerlendirilmesine yonelik ¢esitli modeller gelistirmektedir
(Hesse vd., 2015; OECD, 2017). Arastirmalar, iPC’nin &grencilerin bilissel gelisimine katki
sagladigini ve disiplinler arasi problem c¢6zmede yaratici disiinme, is birligi ve iletisim
becerilerini gliclendirdigini géstermektedir (Fitzsimons & Ni Fhloinn, 2024; He vd., 2023).

Matematik egitimi, 21. ylzyil becerilerinin gelistiriimesinde ve IPC gibi yenilikgi
yeterliklerin tesvik edilmesinde merkezi bir rol oynamaktadir (Cao, 2024; Jarry-Shore &
Richardson, 2024). PISA cercevesi, IPC’nin matematik egitimine entegrasyonunun énemine
dikkat cekerek bu becerilerin 6grencilerin matematiksel basarilarini artirmadaki kritik rolini
vurgulamaktadir (OECD, 2017). Geleneksel 6gretim yaklasimlarinin aksine, IPC dgrencilerin
matematiksel bilgileri ezberlemekten ziyade anlamli ve derinlemesine 6grenmelerini saglar (Lu
vd., 2023; Smith, 2023). iPC, dgrencilerin matematiksel problem ¢ézme siireglerinde is birligi
yapmalarini, fikir alisverisinde bulunmalarini ve yaratici distinme becerilerini gelistirmelerini
tesvik eden sosyal bir yaklasimdir (Fitzsimons & Ni Fhloinn, 2024; Liu & Wei, 2024; Zhang vd.,
2022). Ogrenci etkilesimleri ve iletisim, IPC’nin yapi taslarini olusturur; bu siiregler 6grencilerin
bilissel ve sosyal yeterliklerini gelistirmenin yani sira, matematik siniflarinda kapsayici bir ortam
olusmasina da katki saglar (Andrews-Todd vd., 2023; Hansen, 2022; Klang vd., 2021; Smith,
2023).

Matematik siniflarinda iPC siireclerinde dgretmenler, yalnizca bilgi aktarici degil, ayni
zamanda Ogrencilerin anlam Uretme silireclerine rehberlik eden kolaylastiricilar olarak kritik bir
rol Ustlenirler (Li, 2024; Liu & Wei, 2024). IPC’nin etkili bicimde uygulanabilmesi icin
ogretmenlerin grup dinamiklerini ydnetmesi ve sirece aktif bicimde midahil olmasi
gerekmektedir; bu da 6grencilerin daha derin matematiksel 6grenme deneyimleri yasamalarini
saglar (Jarry-Shore & Richardson, 2024; Osuna & Munson, 2024). Ogretmenler, IPC
slireclerinde Ogrencilerin problem ¢6zme stratejileri gelistirmelerine ve sosyal etkilesim
becerilerini ilerletmelerine rehberlik eder (He vd., 2023; van Leeuwen & Janssen, 2019). Ayrica,
ogrencilerin IPC etkinliklerinde basari saglayabilmeleri icin dgretmenlerin grup rollerini net
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bicimde tanimlamasi ve her 6grencinin stirece dahil olmasini saglamasi gerekmektedir (Cao,
2024; Jiang vd., 2021).

Matematik egitiminde iPC, farkl kiltiirel baglamlar ve sinif ortamlarinda gerceklesen
cesitli etkilesimlerle bicimlenen bir 6grenme sirecidir ve 6grenciler ile 6gretmenler arasindaki
sosyal ve bilissel dinamiklerin 6nemini vurgular (Chan vd., 2018; Zhang vd., 2022). Yapilan
calismalar, otorite iliskileri, geri bildirim déngiileri ve ustbilissel tartismalar yoluyla PC
slreclerinin 6grenci etkilesimlerini ve matematiksel kavrayisi derinlestirdigini géstermektedir
(Langer-Osuna vd., 2020; Smith, 2023). Matematik siniflarinda iPC, 6grencilerin bilissel
gelisimini desteklemenin yani sira Ustbilis, is birligi, bilgi paylasimi ve problem c¢6zme
becerilerini de gelistirerek grup dinamikleri Gzerinde olumlu etkiler yaratmaktadir (Andrews-
Todd vd., 2023; Smith, 2023). Bu nedenle, iPC siireclerinin daha etkili hale gelebilmesi igin
kilturel farklihklarin gozetilmesi, bilissel sireglerin gorinir hale getirilmesi ve 6grenci-
ogretmen etkilesimlerinin yapilandirilmasi 6nem tasimaktadir (Fitzsimons & Ni Fhloinn, 2024;
Zhang vd., 2022).

Sonug olarak, iPC, matematik egitimi baglaminda 6grencilerin bilissel ve sosyal
gelisimlerine 6nemli katkilar saglayan etkili bir yaklasimdir. Bu yaklasim, 6grencilere yalnizca
matematiksel problemleri ¢ozme becerisi kazandirmakla kalmaz; ayni zamanda is birligi yapma,
farkh bakis acilari gelistirme ve vyaratici disinme kapasitelerini artirma imkani sunar.
Matematik siniflarinda iPC siireclerinde 6gretmenler, grup dinamiklerini yoneterek ve
ogrencilerin anlam liretme sireglerine rehberlik ederek merkezi bir rol Ustlenirler. Ayrica,
IPC’nin farkli kiltirel baglamlarda farkl sekillerde uygulanabildigi ve dgrencilerin 6grenme
deneyimlerini derinlestirdigi gorilmektedir. Bu nedenle, [PC’nin matematik egitimine
entegrasyonu, ogrencilerin hem matematiksel basarilarini artirmakta hem de kapsayici ve
etkilesimli bir 6grenme ortami olusmasina katkida bulunmaktadir.

5.1. Cikarimlar ve Oneriler

Bu kapsamli calisma iPC ve matematik egitimi alanlarina iliskin gelecekteki arastirmalar
icin degerli bir temel sunmaktadir. Gelecekte yapilacak arastirmalarda, IPC yalnizca matematik
egitimi baglaminda degil, ayni zamanda disiplinlerarasi baglamlarda da ele alinabilir; bu sayede
iPC’'nin daha genis bir problem yelpazesinde nasil uygulanabilecegi arastirilabilir. iPC’nin
disiplinlerarasi ortamlardaki etkisinin incelenmesi ve bu sireclerde hangi bilissel stratejilerin
gelistirildiginin arastiriimasi, bu becerinin egitimdeki genel gecerliligine dair daha butincil bir
anlayis saglayabilir. Ayrica, farkli egitim sistemleri icinde IPC’nin matematik siniflarinda nasil
uygulandigini ve bu slreclerde o6gretmen-6grenci etkilesimlerinin nasil yapilandirildigini
arastirmak Uzere genis Olgekli kiltlrlerarasi karsilastirmalar yapilabilir. Bu tir c¢alismalar,
iPC’nin farkl kiiltiirel baglamlarda nasil optimize edilebilecegine ve &gretim stratejilerinin bu
baglamlara nasil uyarlanabilecegine dair derinlemesine icgoriiler sunabilir. Ote yandan,
matematik 6gretmenlerinin iPC siireglerindeki rolii tizerine daha fazla ampirik calismaya ihtiyag
vardir. Bu baglamda, farkli 6gretmen yonlendirme stratejilerinin (6rnegin dogrudan 6gretim,
kolaylastirici rehberlik gibi) IPC performansi lizerindeki etkilerini karsilastiran deneysel
calismalar yapilabilir.

Teknolojik gelismeler, giinimizde iPC’nin dijital platformlarda uygulanabilmesine
olanak tanimaktadir. Bu dogrultuda, dijital ve hibrit matematik 6grenme ortamlarinda iPC’nin
uygulanabilirligi ve etkisi gelecekteki arastirmalarda incelenebilir. Ayrica, IPC becerilerinin
degerlendirilmesine yonelik yiksek gecerlilige sahip 6lgme araglarinin sinirh sayida olmasi
dnemli bir arastirma boslugudur. iPC’nin hem bilissel hem de sosyal boyutlarini daha dogru
sekilde yansitan yenilikci ve gecerli degerlendirme araclarinin gelistirilmesi 6nem tasimaktadir.
Bu baglamda, 6grenci etkilesimlerini analiz etmek ve bu slireclerden 6lciimler elde etmek igin
dogal dil ve yapay zeka gibi teknolojilerden faydalanilmasi dnerilebilir.
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Bu calisma, uygulayicilar icin de gesitli dneriler sunmaktadir. Oncelikle, iPC’'nin etkililigi,
Ogrenciler arasindaki sosyal etkilesimlerin kalitesine bagldir. Bu nedenle, matematik
dgretmenlerinin IPC siireclerinde grup dinamiklerini hem sosyal hem de bilissel otoriteyi
paylasarak daha etkili bir sekilde yénetmeleri dnerilmektedir. Ogretmenler, &grencilerin IPC
streclerinde karsilastiklari giglikleri dikkatle gozlemlemeli ve gerektiginde midahale
etmelidir. Son olarak, &gretmenlerin IPC siirecinde 6grencilere sorular sorarak onlarin
dislncelerini ifade etmelerini ve stratejilerini paylagsmalarini tesvik etmeleri gerekmektedir. Bu
tur sorgulayici yaklasimlar, 6grencilerin Ustbilissel becerilerinin gelisimini destekleyebilir.

Etik Komite Onayi: Bu calisma bir derleme makalesi oldugu icin etik kurul onayr alinmamustir.
Hakem Degerlendirmesi: Dis bagimsiz.

Yazar Katkilari: Yazarlar; bu makalenin arastirilmasi, yazarligi ve yayimlanmasi igin esit diizeyde
katki saglamislardir.

Cikar Catismasi: Yazar(lar); bu makalenin arastiriimasi, yazarligi ve yayimlanmasina iliskin
herhangi bir potansiyel ¢ikar ¢atismasi beyan etmemistir.

Finansal Destek: Yazar(lar); bu makalenin arastirilmasi, yazarligi ve yayimlanmasi i¢in herhangi
bir finansal destek almamistir.

Yapay Zeka Kullanimi Bildirimi: Yazar (lar); bu makalenin arastirilmasi, yazarlig ve
yayimlanmasi icin herhangi bir yapay zeka aracindan faydalanmamistir.
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1. Introduction

In the rapidly changing world of the 21st century, there is an increasing emphasis on
the need for educational systems to offer more than mere knowledge transfer to students. In
this context, global trends demand that students possess skills that enable them to be
effective both in individual and group work (OECD, 2017). Accordingly, the OECD’s Education
2030 Vision has identified collaborative problem-solving (CPS) as one of the most crucial skills
of the 21st century and has highlighted it as a fundamental requirement for the future of
education (Cao, 2024). CPS refers to the coordinated efforts of two or more individuals to
share their skills and knowledge to formulate and sustain a common, viable solution to a given
problem (OECD, 2017). This process enhances both cognitive and social skills, helping
individuals to solve complex problems more effectively (Zhang et al., 2022). Given global
educational trends, developing students’ CPS competencies is increasingly critical.

The importance of CPS is increasing, particularly in the context of mathematics
education. Mathematics, as a fundamental discipline that enhances individuals’ analytical
thinking and problem-solving skills, provides a robust platform for collaborative learning
(Fitzsimons & Ni Fhloinn, 2024). Traditional individual approaches to learning mathematics
often lead to difficulties in understanding abstract concepts, whereas CPS emerges as an
approach that deepens students' conceptual understanding and more effectively strengthens
problem-solving skills (Jarry-Shore & Richardson, 2024; Liljedahl & Cai, 2021). In this context,
as students solve mathematical problems collaboratively, they develop both cognitive and
social skills, and they gain opportunities to understand different perspectives and discuss
mathematical concepts (Andrews-Todd et al., 2023). Therefore, understanding how CPS can be
effectively integrated into mathematics classrooms remains a significant area for both
theoretical inquiry and practical exploration.

In this study, which thoroughly examines both the theoretical and practical aspects of
CPS, especially within the context of mathematics education, we first provide a comprehensive
answer to the questions “What is CPS and what is it not?”. In this regard, detailed content is
provided on collaborative learning, mathematical problem-solving, the nature and
fundamental elements of CPS, the conceptualization of CPS, CPS frameworks, and current
approaches to developing and assessing CPS skills, as well as the importance of CPS in
cognitive-social skill development. Next, the role of CPS in mathematics education is discussed.
Subsequently, the role of the teacher in the CPS process in mathematics classrooms and the
pedagogical approaches that can be applied are examined. Finally, reflections from studies
based on CPS and student interactions in mathematics education are presented.

1.1. Purpose and Significance of the Study

Although problem-solving skills are emphasized due to the nature of mathematics
education, research on the role of CPS in this process is limited (Jarry-Shore & Richardson,
2024; Osuna & Munson, 2024). Specifically, the role and importance of CPS in mathematics
classrooms have not been sufficiently addressed in the literature. Considering the increasing
global emphasis on integrating 21st-century skills into educational curricula, further theoretical
and practical investigation of CPS within mathematics education is essential. A deeper
understanding of CPS in mathematics education could potentially enhance instructional
practices, contribute to more effective pedagogical strategies, and inform curriculum design
aimed at fostering essential cognitive and social skills. In this context, this study aims to
comprehensively examine the various dimensions of CPS and analyze its pedagogical
foundations within the context of mathematics education, as well as the role of teachers and
its effects on students’ cognitive, social, and academic development. Furthermore, one of the
key focuses of this study is to explore how mathematics teachers can provide guidance in CPS
processes and what pedagogical strategies can be employed to enhance the effectiveness of
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CPS. This study is expected to contribute to the existing literature by clearly revealing the
theoretical and practical aspects of CPS integration into mathematics lessons. Additionally, it is
anticipated that this study will provide valuable insights to both educators and researchers by
addressing the theoretical and practical aspects of CPS in the context of mathematics
education in a detailed manner.

2. Theoretical Foundations of CPS
2.1. What is Collaborative Learning?

In today’s world, the global system is undergoing deep and complex changes. In order
to adapt to these changes and support sustainable development, many countries and
international organizations are focusing on efforts to develop students’ 21st-century skills. In
this regard, moving beyond traditional knowledge and equipping students with contemporary
competencies that align with Education 4.0 is becoming increasingly important (Osuna &
Munson, 2024). In this process, collaboration and problem-solving skills are highlighted as
essential competencies that students need in their learning, work, and life processes, and
these skills are increasingly being prioritized in educational goals and learning content
(Hansen, 2022).

Collaboration has been defined by Roschelle and Teasley (1995) as “a coordinated and
simultaneous activity in which participants engage in an effort to construct and maintain a
shared understanding of a problem’s solution”. Besides, collaborative learning is a teaching
and learning approach that involves individuals working in groups to solve a problem (Tedla &
Chen, 2024). The idea that learning has a social nature and becomes meaningful through
interactions among peers forms the foundation of collaborative learning. In this context,
knowledge is constructed through the active interaction of individuals during the collaborative
process (Chen et al., 2018).

The theoretical foundation of collaborative learning is based on social constructivism.
The influence of the constructivist approach on collaborative learning is also evaluated in this
context, as it has been shown that student groups experience deeper and more meaningful
learning through social interactions (Yang, 2023). When examining the benefits of
collaborative learning, it is seen that not only students' academic success but also their social
and psychological development significantly increases. This approach, which contributes to the
development of critical thinking and problem-solving skills, also helps to create a supportive
learning community and reduce students’ anxiety levels (Hakkinen et al., 2017). Johnson and
Johnson (2009) stated that group work serves as a “stimulus for interactions”, and in this
process, students improve their communication skills and contribute to the learning process by
using their reasoning abilities more deeply.

2.2. Mathematical Problem Solving: Theoretical Foundations and Its Role in Education

In recent years, problem-solving has taken center stage in mathematics education, and
the critical role of this topic in education has been frequently emphasized by researchers
(Santos-Trigo, 2024). Krulik and Rudnick (1989) defined a problem as “a situation for which the
solution path is not immediately apparent”, and this definition highlights the complexity of
mathematical thinking. Mathematics is best learned as a process in which individuals construct
their own knowledge, and in this process, problem-solving is an important tool for learning to
occur (Safstrém et al., 2024). Problem-solving, in its truest sense, can be defined as the process
by which an individual uses their existing knowledge, skills, and understanding to meet the
demands of an unfamiliar situation (Krulik & Rudnick, 1989). Problem-solving can also be seen
as an effort to develop a strategy to achieve a goal in the face of uncertainty (Hesse et al.,
2015). This process involves a structure that progresses from inductive thinking to deductive
thinking, and complex problems may require multiple stages of solution (Liljedahl & Cai, 2021).
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Mathematical problem-solving is a dynamic process that allows individuals to develop
cognitive and creative abilities (Foster, 2023). Active participation in mathematical problem-
solving contributes to students' acquisition of skills such as flexible thinking, creativity, and
productivity. These skills are considered fundamental pillars of success in education (Safstrom
et al., 2024).

Pélya’s 1945 publication “How to Solve It” presented four key stages of the problem-
solving process, and these stages continue to form the foundation of modern mathematics
education. These stages include understanding the problem, devising a plan, carrying out the
plan, and looking back. Pdlya’s work, and that of subsequent researchers, has described
problem-solving as a cognitive process and emphasized that students must use strategies to
develop deep understanding (Schoenfeld, 1985). Mason et al. (2010) developed structured
approaches to problem-solving and highlighted the importance of mathematical language in
this process. Expanding on Pdlya’s work, the OECD (2014) categorized the competencies
required for students to develop as problem-solvers into four categories: exploring and
understanding; representing and formulating; planning and executing; monitoring and
reflecting. These processes show that problem-solving stages can progress not in sequence but
in parallel. In recent years, problem-solving in mathematics has increasingly evolved into a
collaborative approach. While Pdlya’s work suggested that students experience individual
problem-solving strategies similar to those of mathematicians, today the sharing and
development of these experiences in a collaborative environment are encouraged (Fitzsimons
& Ni Fhloinn, 2024).

2.3. CPS: A 21st Century Skill

The 21st century has transformed individuals’ lifestyles, learning methods, and ways of
conducting business by enabling them to connect with large groups in real time (Care & Kim,
2018; ilhan & Pocan, 2024). These new abilities have reshaped educational curricula, and
organizations such as the OECD and the Partnership for 21st Century Learning (2016) have
identified CPS as a priority skill (OECD, 2017). This skill is seen as a cross-disciplinary
competence necessary for students to succeed in group work both in education and in the
professional world. In this context, CPS is not only considered a teaching tool but also a
strategic goal of modern education (Jarry Shore & Richardson, 2024).

Global socio-economic changes and advancements in information technology are
increasing the demand for collaboration-based skills. The OECD’s “Education 2030” project
also considers these skills as essential components of students' abilities to handle complex
problems and be effective in teamwork (Cao, 2024). The rapid development of technology and
the widespread adoption of digital environments are facilitating collaboration between
individuals, making it possible for people in different geographic regions to collaborate in real
time. This has led to the growing importance of CPS in both education and the professional
world (Siddiq & Scherer, 2017).

2.4. The Nature and Key Elements of CPS

The concept of CPS can be traced back to the work of O’Neil et al. (1992). O’Neil et al.
described CPS as a set of problem-solving tasks that occur through the interactions of a group.
These interactions are shaped by key factors such as adaptability, coordination, decision-
making, interpersonal skills, leadership, and effective communication. CPS skills facilitate
individuals' active participation in group activities, the development of shared understanding,
the identification of solutions, and problem resolution. This skill includes two core elements:
collaboration and problem-solving (OECD, 2017). The level of collaboration highlights the
depth of social interactions between group members; mutual understanding, team
organization, and consensus are built, maintained, and achieved through effective
communication. This process includes both interpersonal dynamics and individual cognitive
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interactions. The level of problem-solving involves processes such as information extraction,
exploration, understanding, and executing plans. It presents itself as a cognitive interaction
structure reflecting the psychological traits of individuals (Cao, 2024). Both PISA 2015 and
ATCS21S restructured CPS capacity into collaboration (social skills) and problem-solving
(cognitive skills). CPS is also considered a form of socialization through which individuals
acquire high-level cognitive skills via interaction with the social environment. This
demonstrates that collaboration and problem-solving are not separate but rather complement
and support each other(Zhang et al., 2022).

In summary, there is a general consensus on the essential features of CPS. First, CPS
has both social and cognitive dimensions. Second, CPS involves communication, interaction,
information sharing, and the development of shared understanding among team members.
Third, CPS is considered an implicit skill that emerges in complex collaborative situations rather
than being directly observable in individuals (Hesse et al., 2015). As a result, CPS competence is
viewed as a compound, process-oriented, and implicit ability that includes the characteristics
of both collaboration and problem-solving.

2.5. Conceptualization of CPS

According to the definition in the OECD’s PISA 2015 assessment, CPS is characterized
as an individual’s capability to actively engage in a group of two or more people by exchanging
understanding, reaching agreements, identifying solutions, and integrating collective
knowledge, skills, and actions to resolve issues effectively. In PISA, problem-solving and social
collaboration skills are combined within the CPS context (OECD, 2017). This definition
emphasizes the importance of group dynamics in the CPS process while contributing to the
development of individuals' cognitive and social skills (Andrews-Todd & Forsyth, 2020). The
widely accepted OECD definition of CPS has been expanded in the literature through various
concepts and theories.

In the project Assessment and Teaching of 21st Century Skills (ATC21S), CPS is defined
as “recognizing the perspective of others in a team; contributing constructively to knowledge,
experience, and expertise; determining the need for and managing contributions; recognizing
the structure and procedure involved in solving a problem; and building and enhancing group
knowledge and understanding as a member of a team” (Chai et al.,, 2024). According to
ATC21S, CPS is described as a joint activity in which group members complete a series of steps
to transition from a realistic situation to an ideal goal (Cao, 2024). This definition emphasizes
that group members consider each other's perspectives while collaborating to achieve a goal
and play an active role in the solution process. Hence the ATC21S project suggests that CPS is a
combination of critical thinking, problem-solving, decision-making, and collaboration skills
(Care et al., 2016). The definitions of CPS in PISA and ATC21S differ significantly. While PISA’s
definition focuses on individuals' collaboration with computer agents, ATC21S emphasizes
collaboration among human participants (Chai et al., 2024).

Although various definitions of CPS have been made in different studies, all definitions
point to the existence of a common goal that must be solved and emphasize that this goal
cannot be achieved by individuals alone (Graesser et al., 2018). Research emphasizes the
importance of teaching and developing CPS skills. However, there is insufficient scientific
evidence for the current definition and conceptualization of CPS skills (Chai et al., 2024; Sun et
al., 2020). When researchers adopt the concept and definition of CPS skills, the emergence of
different theoretical models is expected.
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3. Theoretical Models, Frameworks, and Assessment Approaches in CPS
3.1. CPS Frameworks: Integration of Cognitive and Social Dimensions

As the importance of CPS skills in the 21st century has grown, researchers have
developed various theoretical models and frameworks that define behaviors, assessments, and
skills related to CPS (e.g., Hesse et al.,, 2015; OECD, 2017). These theoretical frameworks
contribute to skill development by comprehensively analyzing the cognitive, social, and
behavioral aspects of CPS.

One of the earliest approaches addressing the critical aspects of CPS is the joint
problem space model developed by Roschelle and Teasley (1995). In this model, team
members share knowledge about goals, problems, and potential solutions. At the core of the
model lies the joint problem space, a cognitive structure that team members must establish to
enable negotiation processes (Andrews-Todd & Forsyth, 2020).

Another early framework for CPS was pedagogically oriented, developed by Nelson
(1999). This framework outlines a series of actions that team members can take to effectively
collaborate. For instance, team members should allocate time for individual and collective
work, identify, and share relevant knowledge and resources (Sun et al., 2020).

Among the various CPS frameworks, the one proposed by Hesse et al. (2015) has been
widely accepted. The CPS competency framework developed as part of the ATC21S project
involves social and cognitive skills and the identification of these variables. Within this
framework, social skills are categorized into three areas: participation, perspective-taking, and
social regulation. Cognitive skills are classified as follows: task regulation and knowledge
building (Hesse et al., 2015).

Recent studies have focused on the complex relationship between social and cognitive
skill sets. Research suggests that interactions between participants with high social skills can
facilitate high-quality cognitive engagement. This is because active social interactions allow for
the effective transmission of feedback and support joint planning and implementation of plans
among small groups or pairs. Cognitive skills, on the other hand, ensure the successful
completion of problem-solving processes (Liu et al., 2015). Therefore, the social and cognitive
skills associated with CPS are inherently interconnected and their manifestation is shaped by
situational needs (Hesse et al., 2015).

The PISA framework developed a matrix of twelve competencies by integrating three
core collaborative skills with the four phases of individual problem-solving. PISA’s theoretical
model identifies three key social competencies for CPS: initiating actions to solve the problem,
organizing, and maintaining team structure. These three CPS competencies intersect with four
cognitive or problem-solving processes to form a skills matrix. These processes include
exploring and understanding, representing and formulating, planning and executing, and
monitoring and reflecting (OECD, 2017). This matrix of skills includes abilities such as
uncovering team members' perspectives and abilities, defining and explaining tasks,
maintaining team organization, overseeing roles, and providing constructive feedback (Chai et
al., 2024).

Similar to the other two models, the CPS ontology framework separates the structure
of CPS into two dimensions: social and cognitive. The social dimension emphasizes
collaboration and teamwork, while the cognitive dimension focuses on problem-solving
processes. This framework collects relevant data from sources such as chat messages and
recorded events (e.g., students adjusting parameter inputs) during computer-supported CPS
activities (Andrews-Todd & Forsyth, 2020).

In terms of developing CPS competence, Sun et al. (2020) proposed a general CPS
competency model that defines CPS competence in three main dimensions: shared knowledge
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building, negotiation or coordination, and maintaining team function. While Sun and
colleagues focus on the structure of CPS, their model does not emphasize other terms like
computer-supported collaborative learning, teamwork, or problem-solving. This CPS
competency model represents an important step in assessing CPS skills and can be used in CPS
environments to evaluate both remote and face-to-face human-to-human interactions (Sun et
al., 2020).

An alternative framework focuses on the integrated functions of CPS’s cognitive and
social dimensions in supporting knowledge building. Based on the PISA and ATC21S
frameworks, this CPS framework was developed specifically for computer-supported
collaborative learning environments. The framework evaluates students’ CPS skills by analyzing
discourse and examining speech text data. It includes four broad CPS skills: sharing
resources/ideas, absorbing and adapting knowledge/perspectives, organizing problem-solving
ideas, and maintaining positive communication. Additionally, there are 33 subcategories under
these four main CPS skills (Liu et al., 2015).

3.2. Current Approaches to the Development and Evaluation of CPS Skills

CPS is a complex structure that encompasses both the social and cognitive skills of
individuals. This complexity makes it difficult to measure CPS skills (Chai et al., 2024). For CPS
skills to be effectively taught, a systematic framework must be developed for how these skills
will be measured and assessed. Various theoretical models and frameworks have been
developed to assess CPS skills (Hesse et al., 2015; OECD, 2017; Sun et al., 2020). However,
there is no consensus on the evaluation of CPS skills. Without a systematic framework to guide
the CPS evaluation process, it is difficult to teach and assess CPS skills effectively (Andrews-
Todd et al., 2023).

Frameworks like ATC21S and PISA are widely used for evaluating CPS, but they come
with advantages and disadvantages (Graesser et al., 2018). While PISA evaluates CPS skills
through human-agent interactions, one limitation is its distance from real social interactions
(Sun et al., 2020). On the other hand, the ATC21S framework focuses on human-to-human
interactions, but it is challenging to control in large-scale evaluations (Hesse et al., 2015).
Beyond these limitations, there is a growing need for complex evaluations based on human-to-
human interactions in real-life CPS scenarios (Care et al., 2016).

CPS skills are evaluated using various methods, including digital and face-to-face
environments (e.g., surveys, tests, observations, and think-aloud protocols). However, these
methods sometimes lack applicability across different fields and can encounter self-report
biases, such as misdefined items or socially desirable responses. Additionally, traditional
multiple-choice questions are inadequate for assessing process-oriented structures like CPS.
This has led to increased interest in using computer-based environments in CPS assessments
(Chai et al., 2024). However, there is a functionalization issue regarding how the targeted skills
will be identified and measured based on data obtained from the computer environment.
Fortunately, recent methodological advancements have helped overcome such challenges and
increased the feasibility of computer-based CPS assessments (Andrews-Todd & Forsyth, 2020).
Furthermore, this process can be automated using natural language processing (NLP)
techniques instead of relying on human evaluators (Andrews-Todd et al., 2023).

To systematically teach and assess CPS skills, guiding principles and models must be
developed (Fitzsimons & Ni Fhloinn, 2024; Sun et al., 2020). In addition, there is a lack of in-
depth studies providing detailed information on the features of tools used in CPS assessments,
the theoretical models applied, and the psychometric qualities of these tests. For the future
development of CPS assessment tools, it is essential to integrate this information and
thoroughly examine it (Chai et al., 2024).
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4. CPS in Mathematics Education: Pedagogical Perspectives and Empirical Insights
4.1. The Role and Importance of CPS in Mathematics Education

Supporting the development of 21st-century skills and encouraging innovative abilities
has become one of the key elements of reforms in mathematics education. CPS, one of these
skills, plays a central role in contemporary educational research and mathematics education.
Mathematics significantly contributes to the development of students’ collaboration
awareness and problem-solving skills (Jarry-Shore & Richardson, 2024). In fact, the 2015 PISA
report emphasized the importance of CPS in mathematics education (OECD, 2017).

Mathematics classrooms are an indispensable environment for developing students’
CPS skills. In traditional teacher-centered classrooms, the neglect of group work and student
interactions often leads students to try to understand mathematical concepts through mere
memorization (Lu et al., 2023). However, in today’s mathematics education, the importance of
shifting from individual problem-solving methods to collaborative approaches is increasing
(Pruner & Liljedahl, 2021).

Mathematics should not only be viewed as an individual activity but also as a social
activity where meaning is developed through collaboration with others. In this context,
integrating CPS activities into mathematics classrooms enhances students’ social and cognitive
interactions, allowing for a deeper understanding of learning processes. According to
Schoenfeld’s model, problem-solving is not a linear process but a dynamic structure that
includes a feedback loop (Schoenfeld, 1985). Thus, CPS not only fosters the development of
mathematical knowledge and skills but also contributes to the enhancement of abilities like
creative thinking and flexibility (Andrews-Todd et al., 2023). Indeed, CPS has been shown to
improve students’” mathematical understanding through discussion and idea exchange, rather
than rote learning (Fitzsimons & Ni Fhloinn, 2024).

Another significant aspect of CPS in mathematics education is the emphasis on
interactions between students. These interactions, often overlooked in traditional individual
problem-solving activities, are in fact one of the fundamental elements that deepen
mathematical learning (Hansen, 2022). The ability of students to explain their ideas, justify
their reasoning, and question others’ thought processes are critical skills that emerge in CPS
processes (Lu et al., 2023). Such interactions contribute to students' development of problem-
solving processes and enhance their mathematical reasoning abilities (Hansen, 2022).

Communication is another key feature of CPS in mathematics education.
Communication in mathematics classrooms is a vital skill for students to express their thoughts
and engage with other students (Cao, 2024). CPS processes go beyond individual knowledge
construction, helping students enhance their cognitive processes through communication and
interaction with group members. This approach enables students to engage in deep thinking
and gain high-level mathematical analysis skills (Zhang et al., 2022). Furthermore, in some
mathematics classrooms, the exclusion of students who do not participate actively in lessons is
a common form of disengagement. These students may not participate in mathematics lessons
due to falling behind, lack of interest, or special education needs. Communication in CPS
processes can be a crucial tool for inclusivity in mathematics classrooms (Klang et al., 2021).

Given the nature of mathematics curricula, integrating CPS activities into mathematics
classrooms is inevitable. Solving mathematical problems using the CPS approach provides
students with an opportunity to develop both cognitive and social competencies (Liu & Wei,
2024). The strategies used in this process aim to optimize students’ interactions at both the
individual and group levels. Phases such as analysis, strategy development, implementation,
and evaluation form the building blocks of CPS (Jarry-Shore & Richardson, 2024). However,
research on CPS in the context of mathematics education remains limited (Graesser et al.,
2018; Jarry-Shore & Richardson, 2024). A deeper examination of these skills in mathematics
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education will provide a better understanding of the impact of CPS on student success and
other outcomes.

4.2. The Role of Teachers and Pedagogical Approaches in CPS in Mathematics Education

Teachers, as designers and facilitators of CPS activities, guide students and manage
group dynamics (Liu & Wei, 2024). However, simply grouping students does not guarantee the
success of CPS; active intervention from teachers is necessary in this process (Osuna &
Munson, 2024; Smith, 2023). Effective implementation of CPS requires teachers not only to be
knowledge transmitters but also to act as facilitators guiding students’ meaning-making
processes. Inadequate collaboration challenges the professional group teaching skills of
mathematics teachers; however, effective teacher guidance significantly supports group work
and the development of CPS skills (van Leeuwen & Janssen, 2019; Li, 2024).

In CPS activities, teachers should focus not only on success but also on process skills.
When students and teachers focus on the collaboration processes, more equitable
interactions, longer discussions on the problem, and higher gains in mathematical proficiency
are observed (Cao, 2024). In this context, the role of the teacher in the CPS process shifts from
an instructor at the class level to more of a facilitator within small groups. Teachers should
provide a platform for students to express their mathematical ideas. Social interactions in
mathematics classrooms have been shown to be effective in enhancing students’
understanding (Smith, 2023).

How teachers interact with students during problem-solving tasks is crucial. In
classrooms where students participate in CPS activities, group members construct meaning
through discussions, presenting ideas, revising their thoughts, and experimenting. Teachers
can intervene in this discursive space to better understand students’ thinking during the
problem-solving process. By using various discursive strategies and applying them in different
ways during these interactions, teachers can deepen students’ mathematical thinking
(Munson, 2019).

When solving challenging problems collaboratively, students may face difficulties in
expressing their mathematical ideas and participating in discussions. Teachers should pay
attention to these struggles and interpret them accordingly (Jarry-Shore & Richardson, 2024).
Warshauer et al. (2021) highlight that teachers’ awareness of collaboration struggles while
solving problems in mathematics classrooms helps them manage these struggles productively.
Teacher intervention involves providing feedback on students’ problem-solving strategies,
supporting task progress, and directing group dynamics (Cao, 2024). Indeed, a study by van
Leeuwen and Janssen (2019) demonstrated that the feedback provided by teachers on student
performance had positive effects on group collaboration and problem-solving skills. Liu and
Wei (2024) also emphasize that teachers should involve every student in group tasks to
enhance the quality of discussions and advance instructional goals.

Another responsibility of teachers in CPS environments is assigning roles to students.
Assigning roles is considered a critical strategy for establishing effective group dynamics and
improving learning performance (Jiang et al., 2021). Research has shown that clear roles and
task distributions create positive interdependence among group members, increasing both
students' academic achievement and their motivation during the learning process (Capar &
Tarim, 2015; He et al.,, 2023). In conclusion, the role of teachers in the CPS process is to
manage student interactions and support these processes. Teachers’ interventions in group
dynamics are critical for enhancing success at both the individual and group levels.

4.3. CPS in Mathematics Education: Studies Based on Student Interactions

CPS is regarded as an important approach in mathematics education, shaped by
different interactions across various cultures, classroom settings, and student groups. Various
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studies examine the effects of CPS processes on students’ cognitive and social development
and reveal how these processes are influenced by cultural, didactic, and social dynamics. In an
intercultural context, a study by Chan et al. (2018) compared CPS processes in mathematics
classrooms in Australia and China. The study investigated how student-student and student-
teacher interactions contributed to problem-solving processes in both cultures. Results
showed that social interactions shaped the learning process in both cultures. Similarly, a study
conducted by Zhang et al. (2022) examined meaning negotiation during CPS processes in
mathematics lessons between students in China and Australia. The study compared the
elements students focused on during CPS, such as knowledge, procedures, didactic norms, and
social/interpersonal interactions. Results showed significant cultural differences in how
Chinese and Australian students approached CPS tasks, attributed to differences in their
educational systems and teaching styles.

A longitudinal study by Aydin (2020) tracked the development of CPS skills among
seventh-grade students over four weeks. The findings showed that students’ social and
cognitive skills improved significantly throughout the CPS process, especially with regular
feedback and evaluation. Similarly, Lu et al. (2023) focused on the cognitive and
communicative processes that occurred during CPS activities in mathematics classrooms. Their
findings revealed that male students exhibited more effective cognitive communication during
CPS processes and engaged in in-depth discussions. In a study designed on authority relations,
Langer-Osuna et al. (2020) investigated how authority is distributed and changes among
student groups during the CPS process. The study found that the capacity of students to share
intellectual authority in problem-solving processes increased group collaboration and the
depth of mathematical discussions.

One of the studies examining students’ CPS skills was conducted by Andrews-Todd et
al. (2023), evaluating middle school students’ CPS skills through computer-supported tasks.
The most frequently observed CPS skills in students during a mathematics task were
knowledge sharing and developing shared understanding. Similarly, Tilrkes-Yazici (2022)
examined the CPS skills of middle school students. Tiirkes-Yazici found that students generally
performed well in developing shared understanding and taking appropriate action to solve
problems, although their abilities to organize and maintain team structures were relatively less
prominent.

Another study by Smith (2023) explored the support of metacognitive discussions
during CPS among primary school students in Scotland. The research showed that
metacognitive discussions deepened students' problem-solving processes and positively
influenced group dynamics. The CPS model (CoPs) developed by Fitzsimons and Ni Fhloinn
(2024) is an approach aimed at improving students' problem-solving skills through group work
and collaboration in mathematics lessons. This model strengthens students' individual
problem-solving and communication skills. The CoPs model consists of six stages: discussion,
prediction, critique, solution building, reasoning, communication, and extension. Applied to
high school students in Ireland, this model has shown positive contributions to students'
problem-solving skills during the CPS process.

The results of this study on CPS indicate the positive effects of collaboration on
students' cognitive and social development during mathematical problem-solving processes.
Cross-cultural comparisons, authority relationships, visualization of cognitive processes, and
metacognitive discussions are critical elements that enhance the effectiveness of CPS
processes. In this context, structuring student-teacher interactions, considering cultural
differences, and visualizing cognitive processes are important factors to consider for making
CPS processes more effective.
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5. Conclusions

This study aimed to provide an in-depth examination of the conceptualization, scope,
and applicability of CPS in the context of mathematics education, shedding light on both its
theoretical and practical aspects. A comprehensive framework has been drawn about what
CPS is and what it is not, highlighting that cognitive and social dimensions are inseparable in
this process. In this regard, in the 21st century, CPS stands out as a critical competence for
success in both education and the workforce, developing both cognitive and social skills in
students (Care & Kim, 2018; OECD, 2017). CPS facilitates the integrated execution of
knowledge sharing, strategy development, and problem-solving processes based on teamwork
(Cao, 2024; O'Neil et al., 1992). Among the key components of CPS are social interactions such
as collaboration, negotiation, and sharing, as well as cognitive problem-solving processes, all
supported by group dynamics (Chai et al., 2024; Zhang et al., 2022). The OECD and ATC21S
frameworks view CPS as an integrated structure of both social and cognitive skills and have
developed various models for the assessment of these skills (Hesse et al., 2015; OECD, 2017).
Research shows that CPS contributes to students’ cognitive development and enhances
creative thinking, collaboration, and communication skills in solving interdisciplinary problems
(Fitzsimons & Ni Fhloinn, 2024; He et al., 2023).

Mathematics education plays a central role in developing 21st-century skills and
promoting innovative abilities like CPS (Cao, 2024; Jarry-Shore & Richardson, 2024). The PISA
framework emphasizes the importance of integrating CPS into mathematics education,
showing that these skills play a critical role in increasing students’” mathematical achievements
(OECD, 2017). Unlike traditional teaching approaches, CPS allows students to develop
meaningful and in-depth understanding, not just memorization of mathematical knowledge
(Lu et al., 2023; Smith, 2023). CPS is a social approach that encourages students to collaborate,
exchange ideas, and develop creative thinking skills during mathematical problem-solving
processes (Fitzsimons & Ni Fhloinn, 2024; Liu & Wei, 2024; Zhang et al., 2022). Student
interactions and communication are the building blocks of CPS, and these processes not only
develop students’ cognitive and social competencies but also contribute to inclusivity in
mathematics classrooms (Andrews-Todd et al., 2023; Hansen, 2022; Klang et al., 2021; Smith,
2023).

In CPS processes in mathematics classrooms, teachers play a critical role not only as
knowledge transmitters but also as facilitators guiding students’ meaning-making processes
(Li, 2024; Liu & Wei, 2024). Effective implementation of CPS requires active teacher
intervention and management of group dynamics, enabling students to have deeper
mathematical learning experiences (Jarry-Shore & Richardson, 2024; Osuna & Munson, 2024).
Teachers guide students in developing problem-solving strategies and improving social
interaction skills during CPS processes (He et al., 2023; van Leeuwen & Janssen, 2019). Besides
for students to succeed in CPS activities, teachers need to clearly define group roles and
ensure that each student is included in the process (Cao, 2024; Jiang et al., 2021).

In mathematics education, CPS is a learning process shaped by various interactions in
different cultural contexts and classroom settings, emphasizing the importance of social and
cognitive dynamics between students and between students and teachers (Chan et al., 2018;
Zhang et al., 2022). Studies show that CPS processes deepen student interactions and
mathematical understanding through authority relationships, feedback loops, and
metacognitive conversations (Langer-Osuna et al., 2020; Smith, 2023). In mathematics
classrooms, CPS supports students’ cognitive development while also improving their
metacognition, collaboration, knowledge-sharing, and problem-solving skills, positively
affecting group dynamics (Andrews-Todd et al., 2023; Smith, 2023). Therefore, for CPS
processes to be more effective, it is essential to consider cultural differences, visualize
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cognitive processes, and structure student-teacher interactions (Fitzsimons & Ni Fhloinn, 2024;
Zhang et al., 2022).

In conclusion, CPS is an effective approach in the context of mathematics education
that contributes significantly to students' cognitive and social development. CPS not only
provides students with the ability to solve mathematical problems but also allows them to
collaborate, develop different perspectives, and enhance their creative thinking capacity.
Teachers play a crucial role in CPS processes in mathematics classrooms by managing group
dynamics and guiding students' meaning-making processes. Additionally, CPS has been shown
to be applied in different ways across cultural contexts, deepening students’ learning
experiences. Thus, the integration of CPS into mathematics education not only improves
students’ mathematical success but also helps create an inclusive and interactive learning
environment.

5.1. Implications and recommendations

This comprehensive study on CPS and mathematics education provides a valuable
foundation for future research directions in these fields. Future studies could investigate CPS
not only within mathematics education but also in interdisciplinary contexts, exploring how
CPS can be applied to a broader range of problems. Examining the impact of CPS in
interdisciplinary settings and investigating how different cognitive strategies are developed in
such processes could offer a more comprehensive understanding of the overall validity of this
skill in education. Large-scale cross-cultural comparisons could also be conducted to explore
how CPS is implemented in mathematics classrooms within different educational systems and
how teacher-student interactions are structured in these processes. Such studies could provide
in-depth insights into how CPS can be optimized in different cultural contexts and how
teaching strategies can be adapted to these contexts. Moreover, the role of mathematics
teachers in CPS processes requires further empirical research. In this regard, experimental
studies could be conducted to compare the effects of different guidance strategies (e.g., direct
instruction, facilitative guidance) on CPS performance.

Technological advancements now enable the application of CPS in digital platforms.
Future research could examine the applicability and impact of CPS in digital and hybrid
mathematics learning environments. Another significant research gap is the limited number of
high-validity assessment tools for evaluating CPS skills. New and innovative assessment tools
that better reflect both the cognitive and social dimensions of CPS could be developed. In this
context, technologies such as NLP and artificial intelligence (Al) could be explored to analyze
student interactions and obtain measurements from these processes.

The study also offers several recommendations for practitioners. First, the
effectiveness of CPS depends on the quality of social interactions between students.
Therefore, it is recommended that mathematics teachers manage group dynamics more
effectively during CPS processes by sharing both social and cognitive authority. Teachers can
carefully observe the challenges students face during CPS processes in mathematics and
intervene when necessary. Lastly, teachers should ask questions during CPS processes,
encouraging students to articulate their thoughts and share their strategies. The inquiry
process may support the development of students' metacognitive skills.
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