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Over the past two decades, researchers have been increasingly focusing on gestures
and their roles, which are often revealed in mathematical learning context. Gestures
have been observed as an important tool for communicating and associating
mathematical ideas, and as a concrete evidence for revealing mental representations in
learning environments. In this sense, firstly, what is the importance and definition of
gesture in the context of mathematics education is mentioned. Then, it is briefly
mentioned how to classify the gestures that emerge in learning environments and
accompany mathematical ideas. Afterwards, empirical examples from the studies
conducted in mathematics teaching and learning environments are presented and the
roles of gestures are explained in this context. Finally, thoughts about why analysis of
gestures are necessary in mathematics learning environments, what roles it can play in
mathematics classrooms, and what effects it may have on mathematical understanding
and thinking processes are presented. In this study, which comprehensively deals with
gesture-related studies in mathematics education, suggestions are made on what and
how further studies can be.
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Matematiksel anlama

Son yirmi yilda arastirmacilar, giderek artan bir ilgiyle, matematik 6grenme ortamlarinda
siklikla aciga ¢ikan jestlere ve jestlerin rollerine odaklanmistir. Jestler 6grenme ortamlarinda
matematiksel fikirleri iletmede ve iligkilendirmede 6nemli bir arag, zihinsel temsillerin
agiga cikarilmasinda somut birer kanit olarak gozlemlenmistir. Bu anlamda oncelikle
matematik egitimi baglaminda jestin 6neminin ve taniminin ne olduguna deginilmistir.
Daha sonra 6grenme ortamlarinda agiga ¢ikan ve matematiksel fikirlere eslik eden jestlerin
smiflamasimin nasil yapildigindan kisaca bahsedilmistir. Matematik egitiminde jestlerin
hangi bakis acilariyla ele alindigma deginilerek matematik &gretme ve &grenme
ortamlarinda yapilan calismalardan ampirik Ornekler sunulmustur. Bu c¢alismalarin
matematikte anlamin olusmasinda jestlerin rollerine dair ortaya koyduklar1 ortak
bulgulardan bahsedilmistir. Son olarak, matematik Ogrenme ortamlarinda jestlerin
analizinin neden gerekli olduguna, matematik smuflarinda ne gibi roller iistlenebilecegine,
matematiksel anlama ve diisiinme siireglerinde etkilerinin neler olabilecegine dair fikirler
sunulmustur. Matematik egitiminde yapilan jest igerikli ¢alismalar: kapsamli bir sekilde ele
alan bu calismada daha ileri g¢alismalarin neler ve nasil olabilecegine dair onerilerde
bulunulmustur.
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Matematik siniflari, 6grencilerin ve 6gretmenlerin diizenli olarak etkilesimde bulundugu ¢ok
sayida sembol, ara¢ ve teknolojiyi icermektedir (Williams-Pierce ve digerleri, 2017). Matematik
egitimindeki aragtirmalar ise 6grenme ortamlarinda matematiksel fikirleri iletmede bir ara¢ olan ve
giderek 6nem kazanan jestlere (gestures) dikkat cekmektedir (Alibali, Boncoddo ve Hostetter, 2014a;
Alibali ve Nathan, 2012). Son yillarda yapilan ¢alismalar, matematik smiflarinda 6gretmenlerin ve
Ogrencilerin matematiksel fikirler hakkinda konusurken kendiliginden ortaya ¢ikan jestlerine ve bu
jestlerin roliine giderek artan bir ilginin oldugunu ortaya koymaktadir (Alibali ve DiRusso, 1999;
Alibali ve Nathan, 2012; Alibali ve digerleri, 2013; Alibali ve digerleri, 2014b; Arzarello, Paola, Robutti
ve Sabena, 2009; Bieda ve Nathan, 2009; Church, Ayman-Nolley ve Mahootian, 2004; Goldin-Meadow,
Kim ve Singer, 1999; Flevares ve Perry, 2001; Kim, Roth ve Thom, 2011; Marrongelle, 2007; Nathan,
2008; Perry, Church ve Goldin-Meadow, 1988; Radford, 2003; Rasmussen, Stephan ve Allen, 2004;
Richland, Zur ve Holyoak, 2007; Valenzeno, Alibali ve Klatzky, 2003; Williams-Pierce ve digerleri,
2017). Bircok matematik egitimcisi ve matematik egitimiyle ilgilenen dilbilimciler, antropologlar,
bilissel bilimciler ve psikologlarin dikkatlerini matematik dgretimi ve 6grenimindeki jest calismalaria
cevirdigi goriilmektedir (Arzarello ve Edwards, 2005; Arzarello ve digerleri, 2009; Goldin-Meadow,
2003; Nemirovsky ve Ferrara, 2009; Nufiez, 2004; Radford, 2009; Rasmussen ve digerleri, 2004; Kita,
2003; McNeill, 1992, 2000, 2005). Matematik egitimi arastirmalar1 jest ve bedensel hareketleri ya
matematigi nasil diisiindiigltimiiz hakkinda potansiyel bilgi kaynaklar1 ya da matematiksel diistinme
ve iletisime katkida bulunan bir ara¢ olarak gormektedirler (Alibali ve Nathan, 2012; Bieda ve Nathan,
2009; Edwards, 2009; Goldin-Meadow ve digerleri, 1999; Marrongelle, 2007; Nemirovsky, Tierney ve
Wright 1998; Nufez 2006; Radford 2003; Rasmussen ve digerleri, 2004; Roth, 2001; Singer ve Goldin-
Meadow, 2005; Valenzeno ve digerleri, 2003). Bu baglamda baz arastirmacilar jestleri 6gretmenlerin
ve Ogrencilerin fikirlerini ifade ederken, yapilandirirken, gelistirirken ve iligkilendirirken
yararlanabilecegi “gostergebilimsel kaynaklar” olarak gormektedir (Arzarello, 2006; Arzarello ve
digerleri, 2009; Marrongelle, 2007; Rasmussen ve digerleri, 2004; Radford, 2003; Radford, Edwards ve
Arzarello, 2009). Bununla birlikte, baz1 arastirmalar da matematiksel bilisin alg1 ve eylem yoluyla
somutlastirildig1 veya formiile edildigi yollar1 vurgulamakta ve jesti 6zellikle matematik 6grenimi igin
onemli bir biligsel kaynak olarak ele almaktadir (Alibali ve Nathan, 2012; Alibali ve digerleri, 2014b;
Williams-Pierce ve digerleri, 2017; Cook, Mitchell ve Goldin-Meadow, 2008; Edwards, 2009; Healy ve

Fernandes, 2011; Kim ve digerleri, 2011; Pier ve digerleri, 2014).

lgili literatiir incelendiginde matematik egitiminde son yirmi yilda jestlere ve jest igerikli
calismalara giderek artan bir ilginin oldugu goriilmektedir. Matematik egitiminde oldukca 6nemli bir
olgu haline gelen jestler ile ilgili {ilkemizde de calismalara (Akgakoca, 2018; Akinci, 2014; Akinci ve
Arikan, 2017; Giirefe, 2015, 2018; Ozlav, 2019) rastlanmaktadir. Bu ¢alismada da matematiksel anlamin

olusturulmasinda jestlerin roliine ve 6nemine deginilmektedir. Matematik egitimi baglaminda jest
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kavrammin tanimma ve sinflandirilmasina yer verilerek matematik egitiminde yapilan jest
calismalarmin ortaya koyduklari ortak bulgulara deginilmistir. Matematik egitimindeki ilgili
literatiirii kapsamli bir sekilde ele alan, jestlere ve jestlerin matematik egitimindeki roliine deginen bu

¢alismanin iilkemizdeki alan yazina katki sunacag diistiniilmektedir.
Jest Nedir?

Jestler, konusma esnasinda kendiliginden ortaya ¢ikan ve konusmaya eslik eden el ve kol
hareketleridir (Goldin-Meadow, 2003; Kendon, 2004; McNeill, 1992, 2005). Jestler bir fikri veya anlami
ifade etmek i¢in viicudun bir boliimiinii (genellikle eller veya kollar) hareket ettirmeyi igeren 6zel bir
eylem bigimidir. Jestler eylemler gibi nesneleri manipiile etmek veya hareket etmek igin iiretilmez,
bunun yerine, diisiince ve konusmanin temelini olusturan biligsel siireglerin bir parcasi olarak
iretilirler (Alibali ve digerleri, 2014a). Yani bir jest, imaj1 yiiriirliie koyan ve konusma siirecinin bir
parcast olarak iiretilen ve konusma siirecini agikca ifade eden bir eylem (McNeill, 2012) olarak
tanimlanabilir. Bu anlamda genellikle iletisim sirasinda sozlii mesajlara eslik eden jestlerin rolii
gunliik iletisimin Otesine uzanir (Cameron ve Xu, 2011). Bireylerin kendiliginden veya istege bagh
sergiledikleri jestleri bilgi aktarimini kolaylastirmakta onemli bir rol oynar (McNeill, 1992). Jestler
bireylerin sozel olarak ifade edemedigi ve 6grenmede rol oynayabilecek diisiincelerini aktarabilir
(Goldin-Meadow, 2004). Jestler, eylemleri veya nesneleri formlar1 araciligiyla tasvir etme, soyut
fikirleri temsil etme, sOylem yapisina vurgu yapma ve diinyadaki yerleri, 6geleri veya insanlari
referans alma kapasitesine sahiptirler (McNeill, 1992; Novack ve Goldin-Meadow, 2017). Jestler
biligsel siiregleri ortaya ¢ikarabilir ve bilissel siirecler de jest kullanimindan etkilenebilir (Alibali ve
Nathan, 2012; Hostetter ve Alibali, 2008). McNeill (1992) jestlerin, dil ile birlikte diisiincenin
olusmasina yardim ettigini belirtmekte, jest yapmanin ve bir seyi konusarak ifade etmenin, temelde
zihinsel bir siirecin farkl bilesenleri oldugunu sdylemektedir. Yani temelde aynu fikri, konusma ve jest
kendi yollariyla ifade eder. Konusma, fikirlerin sozlii olarak ifade edilmesini saglarken konusmaya
eslik eden jestler ise bu fikirlerin somutlasan, gorsel bir temsili olarak islev goriir. Bu baglamda jestler;
konusmada ifade edilen bilgileri yineleyebilirler, belirsizlikleri agikliga kavusturabilirler ve eslik ettigi
kelimelerde yer almayan bilgileri agiga cikarabilirler (Goldin-Meadow, 2003). Jestler, bu nedenle,
iletisimsel siire¢ boyunca diisiincenin gorsel, somutlasan bir temsili olarak islev goriirler ve bu

anlamda eylemsel bir temsil olurlar (Ping ve Goldin-Meadow, 2008).

Jest ve dil {izerine temel calismalar psikolog ve dilbilimci David McNeill (1992, 2000)
tarafindan gergeklestirilmistir. McNeill (1992) iletisimde anlamin biitiinliigiinii saglamada konusma
ve jestin biitlinliigline dikkat gekerek jestin ve konusmanin, ayni fikri farkli yollarla ifade etme bigimi
oldugunu iddia etmektedir (Edwards, 2003). Matematik egitimindeki giincel jest arastirmalar1 da
oncelikle McNeill'in (1992) oncii ¢alismalarindan, sonrasinda ise biligsel psikoloji ve dilbilimdeki jest

iizerine yapilan ¢alismalardan etkilenmistir. Bu nedenle farkli jest smiflamalar1 (Clark, 1996; Efron,
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1941; Ekman ve Friesen, 1969; Kendon, 1988; McNeill, 1992) mevcut olsa da bu ¢alismada matematik
egitiminde yaygin olarak kullanilan ve herhangi bir sdylem veya herhangi bir igerik alanindaki
jestlere uygulanabilmesi agisindan esnek olan McNeill'in (1992) jest smiflamasindan kisaca

bahsedilecektir.

McNeill ve arkadaglari, video kayitlari iizerinde yfriittiikleri detayli analizler vasitasiyla
konusma ve jestlerin gercekten de aymi kokenden geldigini ve aktarmak istedigimiz anlamin birbirini
tamamlayan yonlerini tasidiklarmi kesfetmislerdir (Claxton, 2015). McNeill’'e (1992) gore “jestler”
anlatim siirecinde, konusmada yer almayan, “anlam” in aktarilmasina da vesile olmustur (Goldin-
Meadow, 1999). McNeill'in (1992) teorisinde, dis konusmaya eslik eden jestin, iletisimin sozlii olarak
ifade edilmesinin yani sira, iletisimin somutlastirilmasi da vardir (Zurina ve Williams, 2011). McNeill
(1992) hikaye anlatan bireyler tizerinde yaptig1 calismalar sonucu jestleri; “isaret”, “ikonik”, “metaforik”

ve “vurqu” jestleri olmak tizere dort baslik altinda toplamustir.

Isaret jestleri, ortamdaki bir nesneyi, bir yeri ya da bir kisiyi gostermek, isaret etmek igin
kullanilan jestlerdir (Akinci, 2014; McNeill, 1992). Bununla birlikte ortamda mevcut olmayan nesneleri
ya da kisileri isaret etmek i¢in de bu jestler kullanilabilir (Goldin-Meadow, 1999). Bu nedenle, isaret
jestleri gosterilen nesnenin ortamda mevcut olup olmamasina gore somut isaret jesti ya da soyut isaret
jesti olmak iizere ikiye ayrilabilir (McNeill, 1992, 2005). Ikonik jestler, eslik ettigi konusmanimn
semantik (anlamsal) igerigi ile yakindan iligkili olan ve anlami temsil eden el hareketlerini ifade eder
(McNeill, 1992). Tkonik jestler, konusma icinde bir objenin direk bigimini cagristiran ve objenin seklini
el hareketiyle tasvir eden jestlerdir (Akinci ve Arikan, 2017). Metaforik jestler, zihinsel bir imaji veya
soyut bir diistinceyi tasvir eder (McNeill, 1992). Metaforik jest, bir kavramin somut bir metaforunu,
hissettigimiz gorsel ve kinetik bir resmini tasvir eder ve bir bakima bu tasvir kavramin benzeridir.
Vurgu jestleri ise genellikle konusma vezni ile hizalanan ve net bir semantik anlami olmayan
(McNeill, 1992) ritmik, yukari ve agag1 el hareketleridir (Alibali ve digerleri, 2013). Tkonik ve metaforik
jestlerin aksine elin veya parmaklarin hareketleri; konusmanin semantik igeriginden bagimsiz,
yukaridan asagiya veya ileri geri olacak sekilde ayni forma sahip olma egilimi gosterir (Goldin-
Meadow, 1999; McNeill, 2006). Alibali ve Nathan (2012), Alibali ve arkadaslar1 (2013; 2014b), Shein
(2012), Francaviglia ve Servidio (2011), Akinc1 (2014), Nemirovsky ve Ferrara (2009), Edwards (2009),
Girefe (2015), Rasmussen ve arkadaslar1 (2004) ve Akgakoca (2018) matematik egitiminde McNeill'in

(1992) jest siiflamasini kullanan arastirmalara birer 6rnektir.
Matematik Egitimi Baglaminda Jestlere Yonelik Bakis Acilar1

Matematik egitiminde 6gretme ve 6grenme ortamlarinda jestlerin diisiinme ve iletisimdeki
rolii farkli perspektiflerle incelenmistir. Bu perspektifler; semiyotik demet (semiotic bundle),
somutlastirilmg  bilis (embodied cognition) ve nesnellestivme (objectification) teorisi olarak karsimiza

¢gikmaktadir.



Akgakoca, T. & Yazgan Sag, G.

Matematiksel fikirlerin anlagilmasinda jestleri “semiyotik demet” bakis agisiyla (Arzarello,
2006) inceleyen arastirmalar, jestleri matematik simmifinda gergeklestirilen birer semiyotik kaynak
(semiotic resources) (konusma, yazi, grafik, sekil vb.) olarak ele almistir (Akinci, 2014; Arzarello ve
digerleri, 2009; Arzarello ve Paola, 2007; Giirefe, 2015; Ozlav, 2019; Radford, 2003; Thomas, Yoon ve
Dreyfus, 2009; Yoon, Thomas ve Dreyfus, 2011; Weinberg, Fukawa-Connelly ve Wiesner, 2015). Bu
bakis agis1 semiyotik kaynaklar: bir biitiiniin parcalar1 olarak degerlendirmekte ve bu semiyotikleri

¢oklu-model (multimodal) yaklasimai igerisinde analiz etmektedir (Arzarello, 2006).

Jestleri somutlastirilmis bilis bakis a¢is1 (Barsalou, 2008; Glenberg, 2010; Wilson, 2002) 1s181nda
inceleyen arastirmalar ise bilissel stireglerin, insan viicudunun fiziksel diinya ile etkilesimlerinden
kaynaklandigimi iddia etmektedir (Alibali ve Nathan, 2012; Alibali ve digerleri, 2014a, 2014b;
Edwards, 2009; Kim ve digerleri, 2011; McNeill, 2005; Nemirovsky ve Ferrara, 2009; Williams-Pierce
ve digerleri, 2017; Yazar(lar), 2018). Bu bakis agisinda temel fikir, bilisin bedenin &zelliklerine ve
diinyadaki gercek veya olas1 eylemlerine bagli oldugudur (Anderson, 2003; Shapiro, 2014; Wilson,
2002). Bu somutlasmis perspektife gore jestler bilisin fiziksel cevredeki yapilanmasimi (Alibali ve
Nathan, 2012; Alibali ve digerleri, 2014a), kavramlara ve islemlere ait somutlasan diisiinceleri ve
zihinsel imajlar1 (Alibali ve Nathan, 2012; Edwards, 2009; Hostetter ve Alibali, 2008; Nemirovsky ve
Ferrara, 2009; Nufiez, 2006) ve baz1 beden-esash kavramsal metaforlar1 (Alibali ve Nathan, 2012; Kim
ve digerleri, 2011) yansitici Ozelliktedir. Baska bir deyisle jestler, bedenin ve fiziksel ¢evrenin,
konusma ve diisiinmeye dahil edildiginin birer kanitidir (Alibali ve Nathan, 2012; Hostetter ve Alibali,
2008). Somutlastirilmis bilis bakis agisiyla yapilan c¢alismalarda ise jestlerin analizi indeksleme
hipotezi (Glenberg ve Robertson, 1999), simiile edilmis eylem olarak jest teorik ¢ercevesi (Hostetter ve
Alibali, 2008), kavramsal metaforlar (Lakoff ve Johnson, 1980; Lakoff, 1993); kavramsal harmanlamalar
(Fauconnier ve Turner, 2002) gibi gesitli bilissel iddialar 15181nda, jestlerin konusmayla es zamanh ve

es anlaml1 olmasi dikkate alinarak yapilmaktadir.

Radford (2003) ise jestleri, nesnellestirme siirecinin bir pargasi olarak gozlemlemistir.
Bireylerin aktif bir sekilde matematiksel anlami olusturduklar: sosyal siireci nesnellestirme siireci
olarak isimlendiren Radford’un (2009) nesnellestirme teorisi Vygotsky'nin (1997) calismalarindan ve
fenomenolojiden etkilenmektedir. Bu bakis agisina gore nesnellestirme, yani bireylerin matematiksel
anlami olusturmasi, konusmalar, bedensel eylemler, kalem vb. araglar, matematiksel isaretler ve

jestler araciligiyla gergeklestirilebilir (Radford, 2009).
Matematik Ogrenme ve Ogretme Ortamlarinda Jestlerin Rolii

Matematik 6grenme ortamlar1 baglaminda jest, hem jesti yapanin zihinsel temsillerine bir
pencere hem de dgrencilerin odaklanmasina ve temsillerle diisiinmesine rehberlik eden bir 6gretim
araci olmasi nedeniyle giderek artan bir ¢alisma nesnesi olmustur (Alibali ve Nathan, 2012; Alibali ve

digerleri, 2013; Church ve digerleri, 2004; Hostetter ve Alibali, 2008; Singer ve Goldin-Meadow,2005;
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Richland, 2015). Matematik egitimindeki jest igerikli calismalar da matematiksel fikirlerin
iletilmesinde ve matematiksel diisiinmede jestlerin bir¢ok roliine dair ampirik ¢alismalar ve karmitlar

sunmaktadair.

Matematik egitiminde Ogretmenlerin jestlerine odaklanan g¢alismalar (Alibali ve digerleri,
2013; Alibali ve digerleri, 2014b; Flevares ve Perry, 2001), 6gretmenlerin matematiksel fikirleri
iliskilendirmede jestleri siklikla kullandiklarim1 gézlemlemistir. Ogretmenler hem aritmetik hem de
cebirsel akil yiiriitmelerinde eylemi ve algiy1 tasvir eden temsili jestleri ve sdylemlerini fiziksel
cevreye dayandiran isaret jestlerini kullanmistir. Yapilan bu ampirik c¢alismalar sonucunda
arastirmacilar, jestlerin matematik Ogretiminde oOgretmenlerin iletisiminin ayrilmaz bir parcas:
oldugunu ve kavramin 6gretiminde matematiksel bir temsil olarak kullamildigini 6ne siirmiistiir.
Matematik egitiminde 6gretmen jestlerini inceleyen arastirmalardan bazilar1 (Alibali ve digerleri,
2013; Valenzeno ve digerleri, 2003) ise Ogretmenlerin jestleri kullandigi ve kullanmadig: farkl
ogrenme ortamlarinda jestlerin ogretimdeki roliine odaklanmistir. Bu arastirmalar, dgretmenlerin
konusma esliginde jest kullanarak anlattigi derslerin Ogrencilerin 6grenmesini olumlu yoénde
etkileyebilecegini gostermistir. Yapilan bu arastirmalara gore dgretmenlerin {irettikleri isaret jestleri,
isaret etme veya gosterme yoluyla sozel terimlerin anlamlarmin aktarilmasini kolaylastirmistir.
Bununla birlikte tasvir edici jestlerin de 6grencilerin 6grenmesini kolaylastirdigir gozlemlenmistir.
Goldin-Meadow ve arkadaslar1 (1999) ise Ogrencilerin problem ¢dzme siireclerinde 6gretmenlerin
Ogretim siirecinde sergiledikleri jestlere odaklanmis ve 6gretmen jestlerini inceleyen diger ¢alismalarla
uyumluluk gosteren sonuglara ulasmistir. Arastirmacilara gore Ogretmen jestleri, kimi zaman
konusmada aktarilan bilgileri yinelerken kimi zaman da konusmada yer almayan fikirlerin
aktarilmasini saglamis ve bdylece 6grencilerin anlamasini kolaylastirmistir. Akinci (2014) ve Edwards
(2009) ise Ogretmen adaylarmun jestlerini siniflayan ve bu jestlerin rollerini inceleyen calismalar
yapmustir. Edwards (2009), matematigin somutlasan dogasini anlamamaiz igin jestlerin 6nemli bir veri
kaynag1 saglayabilecegini iddia etmistir. Akinci (2014) ise jest ve konusmanin biitiinliigii, jestlerin
konusmaya kattig1 anlam, jestlerin konusmaya yon verisi, iizerinde konusulan kavrama ait jestin sozel

temsilden Once iletisim 6gesi olarak ortaya ¢ikmasi gibi 6nemli noktalara dair bulgulara ulasmistir.

Matematik 0grenme ortamlarinda yapilan ampirik ¢alismalar (Akcakoca, 2018; Alibali ve
DiRusso; 1999; Alibali ve Nathan, 2012; Arzarello ve digerleri, 2009; Bieda ve Nathan, 2009; Kim ve
digerleri, 2011) matematiksel kavramlar ile ilgili konusurken ogrencilerin de rutin olarak jest
irettikleri gozlemlenmis ve bu jestlerin rollerine odaklanilmigtir. Yapilan bu ampirik ¢alismalarda
ogrenci jestlerinin de matematiksel fikirler hakkinda iletisimlerinin tamamlayic1 bir parcasi oldugu
goriilmiistiir. Ogrencilerin s6zel ya da formel yollarla ifade edemedigi bilgilerini somutlagtirmak ve
organize etmek igin alternatif bir yol olarak jestleri kullandig1 gozlemlenmistir (Akgakoca, 2018;
Ararello ve digerleri, 2009). Alibali ve DiRusso (1999) ¢alismalarinda jestlerin anaokulu 6grencilerinin

saymayl Ogrenmelerine yardimci olmak igin Onemli bir islevi oldugunu gostermistir. Jestleri
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somutlastirilmis bilis perspektifinden inceleyen arastirmalar (Akgakoca, 2018; Alibali ve Nathan, 2012;
Kim ve digerleri, 2011) ise 6grencilerin kavramsal bilgilerini bedenlerinde ve bedenleri araciligiyla
nasil sergilediklerini gozlemlemis ve matematiksel bilisin yapilandirilmasinda jestlerin rollerine dair
kanitlar sunmustur. Bu calismalar 0grencilerin algilarina ve eylemlerine dayanarak matematiksel
bilisini jestler araciligiyla disa vurdugunu ileri siirmiistiir. Yapilan ampirik ¢alismalarin bulgularia
gore Ogrencilerin jestleri, 6grencilerin diistinmelerini desteklemis, soyut fikirlerini somutlagtirmais,
tiziksel cevrede ve bedenlerinde yapilandirdiklar: kavramsal bilgileri agiga ¢ikarmistir. Bu baglamda
Ogrencilerin sergiledigi isaret jestlerinin fiziksel ¢evrede yerlesik olan bilislerini yansittigini, temsili
jestlerinin ise Ogrencilerin zihinsel imajlarin1 agiga ¢ikaran, kavrama ait birer temsil niteliginde
olabilecegi iddia edilmistir. Matematik egitiminde gorme ve isitme engelli 6grencilerin jestlerini
inceleyen calismalar (Giirefe, 2015, 2018; Healy ve Fernandes, 2011) da yer almaktadir. Bu
calismalarda Ogrencilerin geometrik kavramlarla ilgili sergiledikleri jestlerine odaklanildig:
goriilmektdir. Hem gorme hem de isitme engeli olan Ogrencilerle yapilan ampirik calismalar,
ogrencilerin matematiksel bilislerini somutlastirmak igin jestler sergilediklerine dair karutar
sunmustur. Bununla birlikte isitme engeli olan Ogrencilerin kavramlara iligkin jestleri bazi
durumlarda sadece dil, baz1 durumlarda da dil ve yazili isaretler ile birlikte kullanildig1 tespit
edilmistir (Giirefe, 2015, 2018). Ozlav (2019) ise isitme engellilerin 6grenim gordiigii okullarda galisan
matematik 6gretmenlerinin derslerinde bazi matematiksel terimlerin isaret dilindeki gosterimlerinin
neler oldugunu belirlemeye caligmistir. Ogretmenlerin yapmis olduklari jestleri derinlemesine
arastirip gostergebilime (semiyotik) gore yorumlayan arastirmaci, sergilenen jestlerden yola ¢ikarak

bazi matematiksel kavramlara ait amblemler 6nermistir.

Matematik dgrenme ortamlarinda jestler; sayma (Alibali ve DiRusso, 1999), denklem, egim
(Alibali ve Nathan, 2012; Alibali ve digerleri, 2013), kesir (Alibali ve Nathan, 2012; Edwards, 2009;
Ozlav, 2019; Zurina ve Williams, 2011), oran-oranti (Abrahamson, 2004; Ozlav, 2019) fonksiyon
grafikleri (Alibali ve Nathan, 2007; Arzarello ve digerleri, 2009) gibi cebirsel kavramlar; dortgen,
piramit (Healy ve Fernandes, 2011), simetri (Healy ve Fernandes, 2011; Valenzeno ve digerleri, 2003),
cokgenler (Alibali ve Nathan, 2012; Giirefe, 2015; Ozlav, 2019), ag1 (Akgakoca, 2018; Akinci, 2014;
Ozlav, 2019), ac¢min oOlgiisii, eslik-benzerlik, 6teleme (Akgakoca, 2018), nokta, dogru, diizlem, vektor,
izdiisim (Akinci, 2014), cevre, ¢ember, yaricap (Ozlav, 2019) gibi geometrik kavramlar ve geometrik
sekiller (Kim ve digerleri, 2011) baglaminda incelenmistir. Bununla birlikte 6grencilerin cebirsel
kavramlarla ilgili (Radford, 2003) ve problem ¢6zme siireglerinde (Alibali ve Nathan, 2012; Bjuland,
Cestari ve Borgersen, 2008; Cook ve Goldin-Meadow, 2006; Cook ve digerleri, 2008; Francaviglia ve

Servidio, 2011) sergiledikleri jestler ve jestlerin rolleri de arastirilmstir.

Bu baglamda jestler, matematik egitimi sirasinda Ogretmenlerin iletisiminin ayrilmaz bir
parcasi, o6grencilerin sozel veya formel yollarla ifade edemedigi bilgileri icin alternatif bir ifade etme

bi¢imi ve yoludur (Alibali ve digerleri, 2013; Alibali ve digerleri, 2014b; Alibali, Nathan, Boncoddo ve

684



KEFAD Cilt 22, Say1 2, Agustos, 2021

Pier, 2019; Arzarello ve digerleri, 2009). Jestler iletisim kurmada, kavramlar1 Ogretmede ve
matematiksel bilginin diizeyini disa vurmada 6nemli bir rol oynar (Alibali ve Nathan, 2012; Williams-
Pierce ve digerleri, 2017). Baz1 jestler (temsili jestler) matematiksel kavramlar igin temsili bir eylem
olma ozelligine sahiptir (Alibali ve Nathan, 2012; Edwards, 2009; Ping ve Goldin-Meadow, 2008). Bu
jestler, konusmada yer alan veya ima edilen (6rtiik) kavramsal bilgiyi iletir (Boyatzis ve Watson, 1993;
Broaders, Cook, Mitchell ve Goldin-Meadow, 2007). Boylelikle matematiksel anlamin anlasilmasin
saglar (Alibali ve digerleri, 2014b) ve matematiksel diisiincenin olusmasinda aktif bir rol oynar
(Alibali ve Nathan, 2012; Arzarello ve digerleri, 2009; Goldin-Meadow, 2003; Nemirovsky ve Ferrara,
2009; Nufez, 2006; Radford, 2003). Jestler bu yoniiyle bilissel yiikii hafifletir (Goldin-Meadow, 2000;
Yoon ve digerleri, 2011). Ogrenme ortamlarinda matematiksel konugmalari sekillendirir, ayrica yeni
ve daha dogru ¢oziimlerin ortaya ¢ikmasini saglar (Broaders ve digerleri, 2007; Singer ve Goldin-
Meadow, 2005). Yiiz ylize 6gretim ortamlarinda bir kavrama ait farkl temsillerin iliskilendirilmesinde

onemli bir rol oynar (Flevares ve Perry, 2001).
Tartigma, Sonug ve Oneriler

McNeill (1992) jestlerin analiz edilmesinin soyut kavramlara dair diisiincenin aciga gikarilmasi
agisindan kelimenin tam anlamiyla “zihinleri okuma” nin bir yolu olarak 6nemli olduguna vurgu
yapmaktadir. Bu nedenle, matematiksel diisiincenin gelisimi ve bedensel deneyimlerle baglantilar:
hakkinda daha fazla bilgi edinmek icin matematik egitimcileri jest arastirmalarmi ytriitmektedirler
(Gerofsky, 2010). Jestlerin matematik 6grenme ortamlarindaki rollerine dair ampirik kanitlar sunan bu

arastirmalar, 6grenme ortamlarinda jestlerin de dikkate alinmasi gerektigi fikrini desteklemektedir.

Ogretmenlerin smif ortaminda karmagik ve yeni fikirleri dgrenciler tarafindan kolayca
anlagilabilecek ve ele almabilecek sekilde iletmeleri gerekmektedir. Ogrenciler, buna karsilik olarak,
smifta siiregelen ilgi odagina katilmali, ilgili 6n bilgileri aktive etmeli ve yeni bilgileri kullanima
sunuldukca entegre etmelidir. Alibali ve arkadaslar1 (2019), 6gretmenlerin, hem konusan bireysel
Ogrenci ile ortak zemini paylasmalarini saglamak hem de bir biitiin olarak sinif arasinda ortak zemini
gelistirmek igin jestleri kullandiklarim iddia etmektedir. Ogretmenlerin dgretim sirasinda ortak bir
zemin olusturmak ve siirdiirmek i¢in kullandiklar: teknikleri anlamanin 6nemine vurgu yapan Alibali
ve arkadaslarina (2019) gore bu tekniklerin bir kismi da jestleri icermektedir. Jest ve bedensel iletisim,
matematik dersleri baglaminda 6zellikle zengin ve karmagsiktir. Bu kismen, dilbilimsel temsillerin
kullanimini, ayni zamanda ¢izimler gibi karmasik gorsel yazitlarin yani sira bir matematiksel
semboller sistemini iceren matematigin gosteriminin semiyotik karmagikligindan kaynaklanmaktadir
(O’'Halloran, 1998). Matematik smiflarindaki iletisimi tiim zenginlikleriyle anlamak istiyorsak jestleri
ve aktardiklar1 bilgileri dikkate almamiz gerekmektedir. Bu dogrultuda, matematik smiflarindaki
¢oklu iletisim bicimlerini degerlendirebilmek igin, sadece isittiklerimizi degil gordiiklerimizi de

dikkate almak oldukc¢a 6nemlidir (Flevares ve Perry, 2001).
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Matematik, diistinmenin kavramlar, problemler veya fikirler arasindaki iligkileri tanimay1
icerdigi bir disiplindir (Polya, 1945) ve egitim reformu Onerileri diizenli olarak ogrencileri
matematiksel iliskilendirmede desteklemenin énemine odaklanmaktadir (Ulusal Matematik Danigsma
Paneli (National Mathematics Advisory Panel, 2008). Matematiksel iliskilendirmenin bir yolu,
matematiksel nesnelerin gosterimleri arasinda daha iist diizey baglantilar gelistirmektir (Richland,
2015). Bu baglamda jestler 6gretmenlerin matematik sinifindaki temsiller arasindaki iliskileri ifade
etme bi¢ciminde 6nemli bir rol oynayabilir (Alibali ve digerleri, 2014b). Bunlar, egitimcilerin, problem
iligkilerinin  birlikte nasil tanimlanabilecegi ve haritalandirilabilecegi Ogrencilere agikliga
kavusturmay1 amagcladig1 baglamlardir. Jestler, hem konusmacinin bilgiyi kavramsallastirmas: hem de
konusmacimin alicinin iletisim ihtiyaglarimi algilamasi hakkinda zengin bir bilgi kaynagidir.
Arastirmacilar (Alibali ve digerleri, 2014b; Richland, 2015) 6gretmenlerin bazi durumlarda ilgili
fikirleri ayn1 anda ya da sirasiyla baglamak icin jest kullanabilecegini soylemektedir. Cook ve Goldin-
Meadow (2006) gore de 6gretmenlerin dgretim sirasinda tirettigi jestler, 6grencilerin bu jestlere eslik
eden kelimeleri anlamalarina yardimci olarak 6grenmeyi kolaylastirabilir. Bu baglamda matematiksel
Ogretimi ve Ogrenimi kolaylastirmak, matematiksel anlamin iletilmesini saglamak amaciyla smif

ortamlarinda jestlerden faydalanilabilir.

Matematik 6grenme ortamlarindaki jest igerikli calismalar (Akgakoca, 2018; Alibali ve Nathan,
2012; Edwards, 2009) 6grencilerin 6zellikle temsili jestlerinin, onlarin matematiksel kavramlara dair
zihinsel imajlarmi yansitici 6zellikte oldugunu soyler. Bu calismalarda 6grencilerin ikonik jestlerinin
kavrama ait yapmus olduklari ¢izimlere ve kavramin kitaplarda yer alan modellerine bigimsel olarak
benzerlik gosterdigi soylenir. Bu nedenle temsili jestler 6grenme ortamlarinda matematiksel
kavramlara ait birer temsil big¢imi niteliginde dikkate almabilir. Bununla birlikte arastirmalar
(Akcakoca, 2018; Alibali ve Nathan, 2012; Edwards, 2009) ogrencilerin isaret jestlerinin, onlarin
matematiksel kavramlari yapilandirma siireglerine fiziksel ¢evreyi nasil dahil ettiklerine dair kamitlar
sunar. Sergilenen isaret jestleri incelendiginde 6grencilerin, fiziksel olarak, matematiksel soylemleri ile
iligkili zihinsel siireglerini fiziksel ortama bagladiklar1 goriiliir. Bu durum matematiksel kavramlar:
yapilandirmada fiziksel ¢evreyle etkilesimli 6grenme ortamlarmin roliine vurgu yapar. Bu nedenle
ogrencilerin fiziksel gevre ile etkilesimde bulunabilecegi matematiksel nesne veya materyal agisindan
zengin ortamlarda matematik Ogretimi siirecinde isaret jestlerinin kullanimi Ogrencilerin

o0grenmelerinde etkili olabilir.

Matematik egitiminde jestlere giderek artan bir ilginin olmasina ragmen O&grenme
ortamlarinda agiga c¢ikan jestlerin biligsel agidan ne anlama geldigini detayh bir sekilde aciklayacak
calismalara ihtiya¢ vardir. Bunun icin bir O6grencinin hem bireysel hem de sosyal Ogrenme
ortamlarinda farkli matematiksel durumlarda sergiledigi jestleri incelenebilir. Daha ileri bir ¢alisma
olarak bu jestlerin baglam-bagimli olup olmadig1 arastirilabilir. Yani 6grencinin bir matematiksel

kavrama dair sergiledigi jestler fiziksel cevreye, materyallere, iletisim halinde olunan nesne veya
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kisiye (diger 6grenciler, 6gretmen vb.) gore degisiklik gosterip gostermedigi incelenebilir. Bununla
birlikte kavram degisimine baglh olarak jest tiirlerindeki degisimi gozlemleyen daha fazla ampirik
calisma yapilabilir. Cesitli matematiksel kavramlar {izerine yapilacak bu calismalar dgretmenlere
kavram dgretiminde jestlerden nasil faydalanilabilecegine dair fikirler sunabilir. Ogretmen jestlerinin
Ogrencilerin 6grenmesine olan etkisi 6grenciler icin ne anlam ifade ettigi baglaminda incelenebilir.
Boylelikle ogretmenlere sergiledikleri jestlerinin kavramin O0grenime olan katkisina dair doniitler

verilerek 6gretim siireci daha verimli bir hale doniistiiriilebilir.
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Introduction

Mathematics classrooms consist of various symbols, tools and technologies with which
students and teachers regularly interact (Williams-Pierce et al., 2017). Research in mathematics
education focuses on gestures, which are tools with increasing importance for conveying
mathematical expressions (Alibali, Boncoddo and Hostetter, 2014a; Alibali and Nathan, 2012). Recent
studies have revealed a growing interest in spontaneous gestures of teachers and students when
speaking about mathematical expressions and the role of these gestures in mathematics classrooms
(Alibali and DiRusso, 1999; Alibali and Nathan, 2012; Alibali et al., 2013; Alibali et al., 2014b;
Arzarello, Paola, Robutti and Sabena, 2009; Bieda and Nathan, 2009; Church, Ayman-Nolley and
Mahootian, 2004; Goldin-Meadow, Kim and Singer, 1999; Flevares and Perry, 2001; Kim, Roth and
Thom, 2011; Marrongelle, 2007; Nathan, 2008; Perry, Church and Goldin-Meadow, 1988; Radford,
2003; Rasmussen, Stephan and Allen, 2004; Richland, Zur and Holyoak, 2007; Valenzeno, Alibali and
Klatzky, 2003; Williams-Pierce et al, 2017). Many mathematics educators and linguists,
anthropologists, cognitive scientists and psychologists interested in mathematics education have
seemed to turn their attention to gesture studies in mathematics teaching and learning (Arzarello and
Edwards, 2005; Arzarello et al., 2009; Goldin-Meadow, 2003; Nemirovsky and Ferrara, 2009; Nufez,
2004; Radford, 2009; Rasmussen et al., 2004; Kita, 2003; McNeill, 1992, 2000, 2005). Mathematics
education studies consider gestures and bodily movements either as potential sources of information
about how we think of mathematics or as a tool that contributes to mathematical thinking and
communication (Alibali and Nathan, 2012; Bieda and Nathan, 2009; Edwards, 2009; Goldin-Meadow
et al, 1999; Marrongelle, 2007, Nemirovsky, Tierney and Wright 1998; Nufiez 2006; Radford 2003;
Rasmussen et al., 2004; Roth, 2001; Singer and Goldin-Meadow, 2005; Valenzeno et al., 2003). In this
context, some researchers perceive gestures as "semiotic resources" that teachers and students can use
while expressing, structuring, developing and associating their ideas (Arzarello, 2006; Arzarello et al.,
2009; Marrongelle, 2007; Rasmussen et al.,, 2004; Radford, 2003; Radford, Edwards and Arzarello,
2009). Furthermore, some studies highlight the ways in which mathematical cognition is embodied or
formulated through perception and action, and consider gesture as an important cognitive resource,

especially for mathematics learning (Alibali and Nathan, 2012; Alibali et al., 2014b; Williams-Pierce et
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al., 2017; Cook, Mitchell and Goldin-Meadow, 2008; Edwards, 2009; Healy and Fernandes, 2011; Kim
et al., 2011; Pier et al., 2014).

When the relevant literature is examined, it is observed that there has been an increasing
interest in gestures and studies with gesture content in mathematics education in the last two decades.
There are also studies (Akgakoca, 2018; Akinci, 2014; Akinc and Arikan, 2017; Gilirefe, 2015, 2018;
Ozlav, 2019) in our country on gestures which have become a crucial phenomenon in mathematics
education. In this study, the role and importance of gestures in constructing mathematical meaning
were examined. In the context of mathematics education, the definition and classification of the
concept of gesture are mentioned, and the common findings of gesture studies in mathematics
education are evaluated. This study is thought to contribute to the literature in our country in that it
reviews the relevant literature in mathematics education comprehensively and examines the role of

gestures in mathematics education.
What is a Gesture?

Gestures are hand and arm movements that occur spontaneously and accompany the
conversation (Goldin-Meadow, 2003; Kendon, 2004; McNeill, 1992, 2005). Gestures are a special form
of action that involves moving part of the body (usually the hands or arms) to express an idea or
meaning. Gestures are not produced to manipulate or move objects, but rather as part of the cognitive
processes that underlie thought and speech (Alibali et al., 2014a). In other words, a gesture can be
defined as an act that puts the image into effect and is produced as part of the speaking process to
express it clearly (McNeill, 2012). In this sense, the role of gestures that usually accompany verbal
messages during communication extends beyond daily interactions (Cameron and Xu, 2011). Gestures
that individuals display spontaneously or voluntarily play an important role in facilitating the transfer
of information (McNeill, 1992). Gestures can convey the thoughts of individuals that cannot be
expressed verbally and can also play a role in learning (Goldin-Meadow, 2004). They have the
capacity to depict actions or objects through their forms, represent abstract ideas, emphasize discourse
structure, and reference places, items, or people in the world (McNeill, 1992; Novack and Goldin-
Meadow, 2017). They can further reveal and affect cognitive processes (Alibali and Nathan, 2012;
Hostetter and Alibali, 2008). McNeill (1992) states that gestures help the formation of thought along
with language and that gesturing and expressing something by speaking are essentially different
components of a mental process. In other words, speech and gestures express the same thing with
their own ways. While speech enables ideas to be expressed verbally, the gestures accompanying the
speech act as a tangible and visual representation of these ideas. In this context, gestures can repeat
information expressed in speech, clarify uncertainties, and reveal information not included in the

words that they accompany (Goldin-Meadow, 2003). Therefore, gestures function as a visually
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embodied representation of thought throughout the communicative process, and in this sense become

an actual representation (Ping and Goldin-Meadow, 2008).

Pioneering studies on gesture and language were carried out by psychologist and linguist
David McNeill (1992, 2000). McNeill (1992) argues that gesture and speech are manners of expressing
the same idea in different ways and a way of drawing attention to the integrity of speech and gesture
in ensuring the integrity of meaning in communication (Edwards, 2003). Current gesture studies in
mathematics education have also been influenced by pioneering works of McNeill (1992), and then by
studies on gesture in cognitive psychology and linguistics. Therefore, despite the presence of different
gesture classifications (Clark, 1996; Efron, 1941; Ekman and Friesen, 1969; Kendon, 1988; McNeill,
1992), this study briefly examines McNeill's (1992) gesture classification, which is widely used in
mathematics education and is flexible in terms of being applicable to gestures in any discourse or

content area.

McNeill et al., based on their detailed analysis of the video recordings, discovered that speech
and gestures have the same origin and carry complementary aspects of the meaning we want to
convey (Claxton, 2015). According to McNeill (1992), "gestures" are instrumental in conveying the
"meaning" which is not included in the speech during the expression process (Goldin-Meadow, 1999).
In McNeill's (1992) theory, aside from the verbal expression of communication, gesture accompanies
external speech and the communication is embodied (Zurina and Williams, 2011). After carrying out

"o "non

studies on narrators, McNeill classified gestures under four headings as "deictic", "iconic", "metaphoric"

and "beat" gestures.

Deictic gestures are gestures used to show or point an object, a place or a person in the
environment (Akinci, 2014; McNeill, 1992). Moreover, these gestures can also be used to point out
objects or people that are not present in the environment (Goldin-Meadow, 1999). Therefore, deictic
gestures can be divided into concrete and abstract deictic gestures, depending on whether the object
shown exists in the environment (McNeill, 1992, 2005). Iconic gestures refer to hand gestures that
represent meaning and are closely related to the semantic content of the accompanying speech
(McNeill, 1992). Iconic gestures are gestures that evoke the direct shape of an object in speech and
depict the shape of the object with hand gestures (Akinci and Arikan, 2017). Metaphoric gestures
portray a mental image or an abstract thought (McNeill, 1992). The metaphoric gesture describes a
concrete metaphor, a visual and kinetic picture of a concept and in a way, this description is similar to
the concept itself. Beat gestures, on the other hand, are rhythmic, up and down hand movements
(Alibali et al., 2013) that generally align with the rhythm of the speech and have no clear semantic
meaning (McNeill, 1992). Unlike iconic and metaphoric gestures, movements of the hand or fingers
tend to have the same form, from top to bottom or back and forth, regardless of the semantic content

of speech (Goldin-Meadow, 1999; McNeill, 2006). Alibali and Nathan (2012), Alibali et al. (2013;
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2014b), Shein (2012), Francaviglia and Servidio (2011), Akinc1 (2014), Nemirovsky and Ferrara (2009),
Edwards (2009), Giirefe (2015), Rasmussen et al. (2004), and Akgakoca (2018) are examples of studies

using McNeill's (1992) gesture classification in mathematics education.
Perspectives on Gestures in the Context of Mathematics Education

The role of gestures in thinking and communication has been examined with different
perspectives in teaching and learning environments of mathematics education. We encounter these

perspectives as the semiotic bundle, embodied cognition and objectification theory.

Studies that examine gestures in understanding mathematical ideas from the perspective of
"semiotic bundle" (Arzarello, 2006) consider gestures as a semiotic resource (speech, writing, graphics,
shapes, etc.) performed in the mathematics classroom (Akinci, 2014; Arzarello et al., 2009; Arzarello
and Paola, 2007; Giirefe, 2015; Ozlav, 2019; Radford, 2003; Thomas, Yoon and Dreyfus, 2009; Yoon,
Thomas and Dreyfus, 2011, Weinberg, Fukawa-Connelly and Wiesner, 2015). This perspective
considers semiotic sources as parts of a whole and analyzes them in a multi-model approach

(Arzarello, 2006).

On the other hand, studies that examine gestures in the light of an embodied cognition
perspective (Barsalou, 2008; Glenberg, 2010; Wilson, 2002) claim that cognitive processes arise from
the interactions of the human body with the physical world (Akgakoca, 2018; Alibali and Nathan,
2012; Alibali et al., 2014a, 2014b; Edwards, 2009; Kim et al., 2011; McNeill, 2005; Nemirovsky and
Ferrara, 2009; Williams-Pierce et al., 2017). The main idea in this perspective is that cognition depends
on the properties of the body and its actual or possible actions in the world (Anderson, 2003; Shapiro,
2014; Wilson, 2002). According to this embodied cognition perspective, gestures reflect the structuring
of cognition in the physical environment (Alibali and Nathan, 2012; Alibali et al., 2014a), embodied
thoughts and mental images of concepts and processes (Alibali and Nathan, 2012; Edwards, 2009;
Hostetter and Alibali, 2008; Nemirovsky and Ferrara, 2009; Nufiez, 2006), and body-based conceptual
metaphors (Alibali and Nathan, 2012; Edwards, 2009; Hostetter and Alibali, 2008; Nemirovsky and
Ferrara, 2009; Nufiez, 2006). In other words, gestures are evidence that the body and the physical
environment are involved in speaking and thinking (Alibali and Nathan, 2012; Hostetter and Alibali,
2008). In studies conducted from the perspective of embodied cognition, the analysis of gestures is
carried out in the light of various cognitive arguments such as the indexing hypothesis (Glenberg and
Robertson, 1999), theoretical framework of gesture as a simulated action (Hostetter and Alibali, 2008),
conceptual metaphors (Lakoff and Johnson, 1980; Lakoff, 1993) and conceptual blends (Fauconnier

and Turner, 2002) by taking into account that gestures are synchronous and synonymous with speech.

Radford (2003), on the other hand, observed gestures as part of the objectification process. The
Objectification theory of Radford (2009), which names the social process as objectification process in

which individuals actively form mathematical meaning, is influenced by Vygotsky’s studies and
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phenomenology (1997). According to this perspective, objectification can be realized through

speeches, bodily actions, pencil, etc. tools, mathematical signs and gestures (Radford, 2009).
The Role of Gestures in Mathematics Learning and Teaching Environments

In the context of mathematics learning environments, gesture has become a popular object of
study, as it is both a window to the mental representations of the individual making gestures and a
teaching tool that guides students to focus and think with representations (Alibali and Nathan, 2012;
Alibali et al., 2013; Church et al., 2004; Hostetter and Alibali, 2008; Singer and Goldin-Meadow, 2005;
Richland, 2015). Studies on gestures in mathematics education also provide empirical studies and

proof on the many roles of gestures in conveying mathematical ideas and thinking.

Studies (Alibali et al., 2013; Alibali et al., 2014b; Flevares and Perry, 2001) focusing on the
gestures of teachers in mathematics education observed that teachers frequently use gestures to
associate mathematical ideas. Teachers used representational gestures while depicting action and
perception in both arithmetic and algebraic reasoning, and deictic gestures while basing their
discourse on the physical environment. As a result of these empirical studies, researchers argued that
gestures are an integral part of the communication established by teachers in mathematics teaching
and are used as a mathematical representation in teaching the concept. Some of the studies (Alibali et
al., 2013; Valenzeno et al.,, 2003) examining the gestures used by teachers in mathematics education
focused on the role of gestures in teaching in different learning environments where teachers both use
gestures and do not. These studies found that the lessons taught by teachers using gestures
accompanied by speech can positively affect the learning success of the students. According to these
studies, the deictic gestures produced by teachers made it easier to convey the meanings of verbal
terms by pointing or showing. Furthermore, it was observed that the descriptive gestures facilitated
learning of the students. On the other hand, Goldin-Meadow et al. (1999), focused on the gestures that
teachers employed during the problem-solving processes of students, and reached consistent results
with other studies examining the gestures of teachers. According to the researchers, the gestures of the
teachers both repeated the information conveyed in the speech and enabled the transfer of ideas not
included in the speech at different times and thus facilitated the understanding of the students. Akinc
(2014) and Edwards (2009) conducted studies that classified the gestures of teacher candidates and
examined the roles of these gestures. Edwards (2009) argued that gestures can provide an important
source of data for us to understand the embodied nature of mathematics. On the other hand, Akinc
(2014) reached findings on important points such as the integrity of gesture and speech, the meaning
added by gestures to speech, the direction of gestures on speech, and the emergence of the gesture

associated with the concept spoken as a communication element even before verbal representation.

It was observed in empirical studies (Akcakoca, 2018; Alibali and DiRusso; 1999; Alibali and
Nathan, 2012; Arzarello et al., 2009; Bieda and Nathan, 2009; Kim et al., 2011) conducted in
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mathematics learning environments that students also routinely produce gestures while talking about
mathematical concepts, and the roles of these gestures were examined. In these empirical studies, it
was found that gestures of students are an integral part of their communication about mathematical
ideas. It was observed that students use gestures as an alternative way to embody and organize
information that they cannot express verbally or formally (Akcakoca, 2018; Ararello et al., 2009).
Alibali and DiRusso (1999) showed in their studies that gestures have an important function to help
kindergarten students learn to count. Studies (Akcakoca, 2018; Alibali and Nathan, 2012; Kim et al,,
2011) examining gestures from the perspective of embodied cognition observed how students display
their conceptual knowledge in and through their bodies and provided evidence of the role of gestures
in structuring mathematical cognition. These studies suggested that students express their
mathematical cognition through gestures based on their perceptions and actions. According to the
findings of the empirical studies, the gestures of the students supported the thinking of the students,
embodied their abstract ideas, revealed the conceptual information that they structured in the physical
environment and their bodies. In this context, it was claimed that the deictic gestures performed by
the students reflected their cognitions established in the physical environment, while the
representational gestures could be a representation of the concept revealing the mental images of the
students. There are also studies (Giirefe, 2015, 2018; Healy and Fernandes, 2011) examining the
gestures of visually and hearing impaired students in mathematics education. It is observed that these
studies focus on the gestures of the students regarding geometric concepts. Empirical studies
conducted with both visually and hearing impaired students provided evidence that students exhibit
gestures to embody their mathematical cognition. Furthermore, it was determined that students with
hearing impairment used gestures related to concepts in some cases only with language, and in other
cases with language and written signs (Giirefe, 2015, 2018). On the other hand, Ozlav (2019) tried to
determine the sign language representations of some mathematical terms in the lessons of
mathematics teachers working in schools where hearing impaired students received education. The
researcher, who examined the gestures made by the teachers in depth and interpreted them according

to semiotics, proposed the emblems of some mathematical concepts based on the gestures displayed.

Gestures in mathematics learning environments have been examined in the context of
algebraic concepts such as counting (Alibali and DiRusso, 1999), equation, slope (Alibali and Nathan,
2012; Alibali et al., 2013) fraction (Alibali and Nathan, 2012; Edwards, 2009; Ozlav, 2019; Zurina and
Williams, 2011), ratio and proportion (Abrahamson, 2004; Ozlav, 2019) function graphs (Alibali and
Nathan, 2007; Arzarello et al., 2009); and in the context of geometric concepts and shapes (Kim et al.,
2011) such as quadrilateral, pyramid (Healy and Fernandes, 2011), symmetry (Healy and Fernandes,
2011; Valenzeno et al., 2003), polygons (Alibali and Nathan, 2012; Giirefe, 2015; Ozlav, 2019), angle
(Akcakoca, 2018; Akinci, 2014; Ozlav, 2019), measure of angle, congruence-similarity, translation

(Akcakoca, 2018), point, line, plane, vector, projection (Akinci, 2014), circumference, circle and radius
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(Ozlav, 2019). Moreover, gestures that students perform in algebraic concepts (Radford, 2003) and
problem-solving processes (Alibali and Nathan, 2012; Bjuland, Cestari and Borgersen, 2008; Cook and
Goldin-Meadow, 2006; Cook et al., 2008; Francaviglia and Servidio, 2011) and the roles of gestures

were examined.

In this context, gestures are an integral part of the communication established by teachers
during mathematics education and an alternative form and way of expressing knowledge that
students cannot express verbally or formally (Alibali et al., 2013; Alibali et al., 2014b; Alibali, Nathan,
Boncoddo and Pier, 2019; Arzarello et al., 2009). Gestures play an important role in communicating,
teaching concepts and expressing the level of mathematical knowledge (Alibali and Nathan, 2012;
Williams-Pierce et al., 2017). Some gestures (representational gestures) serve as a representative action
for mathematical concepts (Alibali and Nathan, 2012; Edwards, 2009; Ping and Goldin-Meadow, 2008).
These gestures convey conceptual information included or implied (implicit) in speech (Boyatzis and
Watson, 1993; Broaders, Cook, Mitchell and Goldin-Meadow, 2007). In this manner, they ensure the
understanding of mathematical meaning (Alibali et al., 2014b) and play an active role in the formation
of mathematical thinking (Alibali and Nathan, 2012; Arzarello et al., 2009; Goldin-Meadow, 2003;
Nemirovsky and Ferrara, 2009; Nufiez, 2006; Radford, 2003). Gestures reduce the cognitive load in this
respect (Goldin-Meadow, 2000; Yoon et al., 2011). They shape mathematical conversations in learning
environments, and also enable new and more accurate solutions to emerge (Broaders et al., 2007;
Singer and Goldin-Meadow, 2005). They have a crucial role in associating different representations of

a concept in face-to-face teaching environments (Flevares and Perry, 2001).
Discussion, Conclusion and Suggestions

McNeill (1992) emphasizes that the analysis of gestures is important as a way of "reading
minds" to reveal the thinking processes about abstract concepts. Therefore, mathematics educators
conduct studies on gesture to learn more about the development of mathematical thinking and its
connections to bodily experiences. These studies, which present empirical evidence on the role of
gestures in mathematics learning environments, support the idea that gestures should also be taken

into account in learning environments.

Teachers are required to convey complex and new ideas in the classroom in a way that can be
easily understood and addressed by students. In turn, students should participate in the ongoing
focus of attention in the classroom, actively make use of prior knowledge, and integrate new
information as they become available. Alibali et al. (2019) argue that teachers use gestures both to
enable themselves to share common ground with the students and to improve this common ground
in? the classroom as a whole. Alibali et al. (2019) emphasize the importance of understanding the
techniques used by teachers use to create and maintain a common ground during their teaching and

state that some of these techniques also include gestures. Gestures and bodily communication are
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particularly rich and complex in the context of mathematics lessons. This is partly due to the semiotic
complexity of the representation of mathematics, which includes the use of linguistic representations,
as well as complex visual inscriptions such as drawings and a system of mathematical symbols
(O’Halloran, 1998). If we want to understand the communication in mathematics classrooms with all
its richness, we need to focus on the gestures and the information they convey. Accordingly, it is very
important to consider not only what we have heard but also what we see in order to evaluate the

multiple forms of communication in mathematics classrooms (Flevares and Perry, 2001).

Mathematics is a discipline which involves recognizing relationships between concepts,
problems or ideas (Polya, 1945), and education reform proposals regularly focus on the importance of
supporting students in mathematical association (National Mathematics Advisory Panel, 2008). One
way of mathematical association is to develop higher-level connections between representations of
mathematical objects (Richland, 2015). In this context, gestures can play an important role in the way
teachers express the relationships between representations in the mathematics classroom (Alibali et
al., 2014b). These are contexts that educators aim to explain to students on how problem relationships
can be defined and mapped together. Gestures are a rich source of information in terms of enabling
the speaker to conceptualize the information and to perceive the needs of the recipient in the
communication. Researchers (Alibali et al., 2014b; Richland, 2015) state that in some cases, teachers
may use gestures to link related ideas simultaneously or sequentially. According to Cook and Goldin-
Meadow (2006), gestures made by teachers during teaching can contribute to an easier learning
process by helping the students understand the words accompanied by these gestures. In this context,
gestures can be used in classrooms in order to facilitate mathematics teaching and learning and to

convey the mathematical meaning.

Studies (Akgakoca, 2018; Alibali and Nathan, 2012; Edwards, 2009) focusing on gestures used
in learning environments indicate that gestures of students, especially representational ones, reflect
their mental images of mathematical concepts. In these studies, it is emphasized that the iconic
gestures of the students resemble the drawings made by students and models of the concept in the
books in a formal manner. Therefore, representational gestures can be considered as a form of
representation of mathematical concepts in learning environments. Furthermore, studies (Akgakoca,
2018; Alibali ve Nathan, 2012; Edwards, 2009) prove evidence of how students' deictic gestures
involve the physical environment in their process of constructing mathematical concepts. When
deictic gestures are examined, it is observed that students physically connect their mental processes
related to their mathematical discourse to the physical environment. This emphasizes the role of
learning environments that interact with the physical environment in constructing mathematical
concepts. Therefore, the use of deictic gestures in the process of teaching mathematics in environments
rich in mathematical objects or materials where students can interact with the physical environment

can be effective in the learning process of the students.
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Despite the increasing interest in gestures in mathematics education, there is a need for
studies to thoroughly explain the cognitive meaning of gestures that emerge in learning
environments. In order to do so, gestures performed by a student in different mathematical situations
in both individual and social learning environments can be examined. As a further study, it can be
investigated whether these gestures are context-dependent or not. In other words, it can be examined
whether the gestures performed by the student regarding a mathematical concept differ according to
the physical environment, materials, object or person (other students, teachers, etc.). However, more
empirical studies can be conducted to observe the change in gesture types depending on the concept
change. These studies on various mathematical concepts can offer teachers ideas about how gestures
can be used in concept teaching. The effect of gestures performed by teachers on the learning
processes of the students can be examined in the context of what they mean for students. In this way,
the teaching process can be made more efficient by giving feedback to teachers about the contribution

of their gestures to learning the concepts.
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