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Oz: Mutlak deger ve mutlak degerli esitsizlikler konusunun 6gretim programinda ve ders kitaplarinda ele almis1 ve buna
bagl olarak ogretmenlerin konuyu Ogretirken benimsedikleri kural temelli yaklasim 6grencilerde konu ile ilgili 6grenme
giicliikkleri olusturmaktadir. Bu aragtirmanin amaci, kural temelli yaklasimdan farkli olarak teknoloji donanimli bir sinifta
mutlak deger konusunun 6gretiminin 6grencilerin konuyla ilgili 6grenmelerini 6grenme giigliigii yoniinden incelemektir.
Aragtirma bir aksiyon g¢aligmasidir. Aragtirmanin katilimcilarimi lise birinci sinifta okuyan 34 Ogrenci olusturmaktadir.
Mutlak deger ve esitsizlikler konusu arastirmact 6gretmen yaklagimiyla teknoloji donanimli bir sinifta 6gretim programinda
belirtilen zaman diliminde 6 ders saati boyunca 6gretildi. Veri toplama araci olarak dgrencilerin ders notlari, aragtirmacinin
sinif i¢i gézlemleri ve mutlak deger sinavi kullanilmistir. Elde edilen veriler aragtirma problemleri dogrultusunda betimsel
olarak analiz edilmistir. Bulgular, farkli yazilimlarin indirildigi akilli tahta kullanilarak yapilan etkilesimli 6gretimin
ogrencilerin mutlak deger konusundaki bilinen 6grenme giigliiklerini azaltma noktasinda olumlu bir etkiye sahip oldugunu ve
ogrencilerin akademik basarilarini artirdigim géstermistir. Ayrica geleneksel simif ortamindan farkli olarak akilli tahta
etkinliklerinin Ogrencilerin derslere yonelik motivasyonunu ve ilgilerini artirdigi gozlenmistir. Arastirmada elde edilen
sonuglar 15181 altinda mutlak degerin 6gretiminde, akilli tahta kullanimina yonelik 6nerilerde bulunulmustur.
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DOI: 10.16949/turkbilmat.333662

Abstract: The way of presentation of the subject of absolute value and absolute value inequalities in the curriculum and
textbooks and the way of teaching the subject creates learning difficulties related to the subject. The purpose of this research
is to examine how the teaching of the subject within a technology-based environment differs from the traditional approach in
terms of learning difficulties of students. This study has been conducted as an action research. The participants of the
research consisted with 34 students who are in the first year of high school. The subject of absolute value and inequalities
was taught in a technology-based classroom within the timeframe specified in the curriculum through a researcher as teacher
approach. The lecture notes of the students, the classroom observations and the test were used as data collection tools. The
data obtained were analyzed descriptively in line with the research problems. The findings showed that interactive teaching
using the smart board whit different activities was downloaded appeared to have a positive effect on reducing the known
learning difficulties of students about absolute value and increased students' academic success. In addition, unlike the
traditional classroom environment, smart board activities have been observed to increase students' motivation and interest in
lessons. Under the light of the results obtained in the research, suggestions for the use of smart boards were made in the
teaching of absolute value inequalities.
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1. Giris

Matematikte kavramlar birbiriyle iliskilidir ve birinin 6grenilmesi diger iligkili kavramlarin da 6grenilmesine
altyap1 olusturur. Bu nedenle dgrencilerin matematigin herhangi bir konusunu 6grenirken konuyla ilgili kavram,
islem, sembol ve formiilleri kavramsal olarak Ogrenmesi Onemlidir (Baki, 2019). Kavramsal 6grenmenin
gerceklesmemesi durumunda Ogrencinin yasadigi bilissel zorluklar genel olarak o konuyla ilgili 6grenme
glicligii olarak ifade edilir. Bu giigliiklerin bir¢ok nedeni vardir. Bu nedenler arasinda &grencilerin islem
yaparken eksik muhakeme yapmalar1 veya derslere ilgilerini artirict farkli stratejilerin kullanilmamasi (Erdem,
2015) ve derslerde kullanilan uygun 6gretim materyallerinin yetersiz olmasi (Pijls, Dekker ve Van Hout-Wolters,
2007) sayilmaktadir.

Ogrenme giigliigii yasanan soyut kavramlarin somutlastirma yoluyla dgrenilmesinde gorselligin ¢ok dnemli
yeri vardir. Matematik derslerinde soyut kavramlari somutlastirmak ve Ogretimi daha etkili bir sekilde
gerceklestirmek amaciyla kullanilan Ogretim materyallerinin 6grenme lizerindeki etkilerinin arastirilmasi
matematik egitimi arastirmalarinda 6nemli bir yer tutmaktadir. Bu arastirmalar 6grenmenin etkili olabilmesi i¢in,
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ogrencilerin etkinliklere aktif olarak katilmasinin Onemine ve matematik derslerinde bilgisayarm etkili
kullanimimin, 6grencilerin etkinliklere katilim isteklerini artirdigina vurgu yapilmaktadir (Baki, 2002; Giirbiiz,
2007).

Mutlak deger ve mutlak degerli esitsizlikler konusu matematik miifredatindaki diger konularin
ogrenilmesinde temel olusturan konulardan biri olmasina ragmen sunulusu ve 6gretimi kural agirlikli olmasi
nedeniyle dgrencilerin 6grenme giicliigii ¢cektigi konulardan biridir (Ubuz, Sandir ve Argiin, 2002; Yenilmez ve
Avcu, 2009). Konunun miifredatta ve ders kitaplarinda ele alimis1 6gretmenlerin konuyu 6gretme tercihlerini
sekillendirdigi gibi bu tercihler de 6grencinin konuyu 6grenmesini etkilemektedir. Mutlak degerli esitsizliklerin
¢ozlimleri i¢in kitaplarda verilen, drnegin “iki tarafin (=) ile ¢arpilmasi veya boliinmesi esitsizlik semboliiniin
yoniinii degistirir” gibi kurallar anlamdan ¢ok semboliin goriintiisiine odaklanmaktadir. Bu kuralda herhangi bir
kavramsal duruma isaret edilmemektedir. Ogrenci matematiksel anlamadan ziyade bu tiir 6grenilmis kurallar
anlamadan kullanmaya c¢aligmaktadir. Bu dgrencilerin konuyla ilgili 6grenme giigliigliniin kaynaklarindan
birisidir (Davis, 2013). Hem ilgili literatiiriin igaret ettigi (Scarborough, 2014). hem de aragtirmacinin 6gretmen
olarak 15 yil1 agki siireden beri derslerinde gozlemledigi mutlak deger ve mutlak degerli esitsizlikler konusunda
ogrencilerin yasadigi1 6grenme giicliikleri asagida ele alinmaktadir.

Bilindigi gibi |x| = Vx2 tanimi ortadgretim miifredatinda yer almamaktadir. Dolayisiyla |x — 3| < 4 gibi bir
esitlik verildiginde &grencinin bu tammu kullanarak ifadeyi (x — 3)% < 16 seklinde agmasi ve ¢dziimii;
(x+1)(x—7)<0=x>—1ve x> 7 olarak bulmas1 beklenmemektedir. Miifredatta bu ifadenin asagidaki
gibi ¢oziilmesi beklenmektedir:

lx — 3| < 4
—-(x—3)<4 x-3)<4
—-x+3<4 2—3<4
—-x<1 x <7

x>-1
CK=f{x|—1<x<7}

Ancak bu 6rnek incelendiginde yukarida belirtildigi gibi yapilan islemlerin anlamlarindan ¢ok kuralin
gorselligi 6n plana ¢ikmaktadir. Ogrenci mutlak deger tanimiyla iliskilendirerek neden sol taraftaki siitunda
mutlak deger disar1 (-) parantezine alinarak mutlak degerin disina ¢ikarildigina ve neden sonunda esitsizligin
yOniiniin degistigine odaklanmaz. Genellikle de bu tiir sorularin ¢éziimlerinde tanim bolgesi dikkate alinmadigi
i¢in esitliklerin ¢6ziimiinde oldugu gibi 6grenci tek bir ¢6ziim bulmaya yonelir ve ¢6ziim kiimesinin —1 < x < 7
seklinde bir aralik olmas1 gerektigine dikkat etmez.

Tersine, |x — 3| > 4 ifadesinin beklenilen ¢6ziimii de asagidaki gibidir:

[x — 3] >4
—(x—3)>4 (x—3)>4
—-x+3>4 x—3>4
—x>1 x>7

x< -1
CK={x| —1>xvex >7}

Ogrenciler bu durumda da bir aralik bulunacagim diisiinerek ¢ogunlukla ¢dziimii —1 > x > 7 seklinde

birakmaktadir. Cogunlukla da —1 > x > 7 sartin1 saglayan bir reel saymin olamayacagini diisiinmeden bu tiir
cevaplar ¢oziim olarak yazilmaktadir.

Genellikle hem ders kitaplar1 hem de 6gretmenler mutlak deger konusuna baglarken mutlak degeri “say1
dogrusu tizerindeki bir x sayismin sifir noktasma uzaklig1” olarak tanimlarlar. Bu tanim say1 dogrusu iizerinde
orneklendirilerek gosterilir. Mutlak degerin igindeki degerin disar1 eksi (negatif) deger olarak ¢ikmayacagi da
vurgulanarak |[-5| =5 veya | — x| = x gibi 6rnekler verilir. Hem ders kitaplarda hem de 6gretmenler bu
orneklerden sonra say1 dogrusunda x ve y gibi iki noktanmn arasmdaki uzakligin da |x — y |olarak gosterildigini
belirterek ornekler verirler. Ogrenci bu son aciklama ile bir saymm mutlak degerinin sifira uzakhig1 tanimini
iligkilendirmede giicliik ¢ceker. Tanim geregi mutlak degerin negatif bir sayiya esit olamayacagmi tam olarak

anlayamayan ogrenciler |2x — 5| = —1 ifadesi verildiginde bunu denklem gibi 2x — 5 = —1seklinde yazarak
>
x = 2 bulabilmektedir. Daha bu durum heniiz hazmedilmeden arkasindan f(x) = |x| = {f’x xx_ <00 tanimi1

tanitilir ve ornekler ¢oziilmeye baslanir. Fonksiyon kavrami ile iliskilendirilerek verilen bu tanim da mutlak
deger kavramuni Ogrencilerin géziinde daha karmasik hale getirir. Ciinkii 6grenci bu tanimda x < 0 i¢in
fonksiyonun gdriintiisiiniin —x oldugunu gérmektedir ve bunun daha 6nce 6gretmeninin sdyledigi “mutlak deger
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icindeki ifade digarrya eksi olarak ¢ikmaz” ifadesiyle c¢elistigini diisiiniir. Dahasi, 6gretmenin mutlak deger
icindeki x sifirdan kii¢iikk oldugu i¢in (=) ile ¢arpilir seklindeki agiklamasi da ¢ogu &grencinin kafasinin
karigmasina yetmektedir. Clinkii 6grenci x'in tanim bolgesini diisiinmeden dogrudan |x| ifadesine odaklanmakta
ve ona gore (—) ile carpimu disariya —x olarak ¢ikmaktadir.

Mutlak degerle ilgili bu tiir agiklamalarm yapildig: kitaplar1 olan dgrencilere veya bu tiir agiklamalar1 yapan
dgretmenlerin siiflarinda olan 6grencilere "x < 1 olmak iizere |x|+|—x|— |3x| ifadesini sadelestiriniz"
seklinde bir soru soruldugunda gozlenen cevaplar ¢ogunlukla séyle olmaktadir. Ogrencilerden bir kismi1 mutlak
degeri parantez gibi agarak ifadeyi x — x + 3x seklinde agtiktan sonra cevab1 3x olarak yazar. Kimileri ise x'in
tanim bolgesini diisinmeden mutlak degerin i¢i disariya pozitif ¢ikacagi kuralindan hareketle ifadeyi x + x — 3x
olarak acarak ve cevabi —x olarak bulur. Benzer sekilde "x < 0 olmak iizere |x — 1|+|x| + 3 ifadesini en sade
sekilde yazimiz" seklinde bir soruyu cevaplarken bazi 6grenciler 3’ ifadede yok etmek icin x = —2 alarak
ifadeyi —3 + (—2) + 3 = —2 seklinde sadelestirmektedir.

Mutlak deger taniminin tam anlagilamamasindan kaynaklanan diger giigliik de |x| < 0 ¢6ziim kiimesinin @
kiime oldugunu gérememesi ve |x| + 1 > 0 esitsizliginin ¢6ziimii olduguna gore |x| + 1 < 0 esitsizliginin de
1<x ve x <—1 gibi bir ¢oziimiiniin olmas: gerektiginin diisliniilmesidir. Benzer sekilde |x| =0 ¢oziimii
oldugu gibi |x| <0 esitsizliginin de x = 0°dan farkli ¢6ziimlerinin olacaginin diisiiniilmesidir.

Diger taraftan |x| < 3 esitsizliginin ¢6ziim kiimesi CK = {x| —3 < x < 3} seklinde bir aralig1 temsil
ederken 6grenci |x| > 3 esitsizliginin de bir arali1 temsil edecegine diisiinerek ¢oziimii —3 > x > 3 seklinde
yazarak bunun bir araligi temsil etmedigini fark etmede zorlanmaktadir. Mutlak degerli esitsizliklerin
coziimiinde sik¢a gdzlenen bir durum da esitsizligin esitlik gibi ¢oziilmesidir. Ornegin, |2x — 3| < 1 esitsizligi
esitlik gibi ¢oziilerek x = 2 bulunduktan sonra ¢6ziim x < 2 olarak yazilmaktadir. Esitsizligin iki tarafi (—) ile
carpildiginda esitsizligin yoniiniin neden degistigi tam olarak anlasilmamasi sonucunda |2x — 3| < 1 esitsizligi
2x —3 < —1 veya 2x — 3 > —1 seklinde agilarak yanlis ¢oziimler yapilmaktadir. Diger taraftan "|x + 2| < 4
esitligini saglayan kag tane tamsayr vardir" gibi bir soru soruldugunda bazi 6grenciler x + 2 = 4 yazarak x = 2
bulduktan sonra esitsizlige donerek x < 2 olmas1 gerektigi diisliniilmekte ve 1 tamsaymin oldugu cevabini
vermektedir.

Sonu¢ olarak, hem literatiir hem de arastirmacinin gdzlemleri, Ggrencilerin ¢ogunun mutlak deger
esitsizligini genellikle dogrusal bir esitsizlik veya denklem gibi aldigini ve boylece hesaplama faaliyetlerinde
mutlak deger kavramini gz ardi ettiklerini ortaya koymaktadir. Gozlenen giigliiklerden birisi de, genellikle
mutlak deger esitsizliginin iki ayr1 ifadeye doniistiiriilmesi, bu iki ifadenin aralarindaki iligkiyi belirtmek igin
hi¢bir mantiksal bag kullanilmamasi ve mutlak deger esitsizligi iki ayr1 dogrusal esitsizlik gibi ele alinmasidir.
Diger taraftan mutlak deger esitsizliklerinin ¢6ziimil i¢in verilen "iki taraf negatif ile ¢arpildiginda esitsizligin
yoniinii degistir" kurali mutlak degerli esitsizliklerin anlami tam anlasilamadigi igin dgrencinin dogru ¢6ziim
yapmasini saglamadig1 gibi 6grenci ¢dziim kiimesi ile ilgili biitiinciil bir yorum yapmakta da zorlanmaktadir.
Genel olarak, mutlak deger ve mutlak degerli esitsizlikler konusunda gozlenen bu 6grenme giicliikleri akilli tahta
teknolojisi ile zenginlestirilmis bir ortamda daha aza indirilebilir mi? Bu soru; aragtirmaci 6gretmen yaklagimi
ile yliriitiilen bu ¢alismanin temel sorusunu olusturmaktadir.

Mutlak deger ve mutlak degerli esitsizliklerle ilgili 6grenme giicliigii cekilen kavramlara yonelik
uygulanacak 6gretme yaklagimi ve kullanilacak materyalinin dogru bir bigimde se¢ilmesi, etkili ve verimli bir
ogretim ortami olusturulmasi agisindan ¢ok onemlidir. Ogrenilmesinde giigliik yasanilan 6zellikle soyut
kavramlarin 6gretiminde bilgisayar teknolojilerinden yararlanilmasini vurgulayan etkilesimli dinamik matematik
yazilimlar1 ve animasyonlarin kullanilmasini 6neren ¢ok sayidaki ¢aligmalar (Baki, 2002; Kutluca, 2009; Bigak,
2019) bu caligmada kullanilan 6gretim tasariminin temelini olusturmaktadir.

Teknoloji hizli ilerlemekte, hayatimizin her alanmi oldugu gibi egitim alanin1 da etkilemektedir. Bu
etkilemenin bir sonucu olarak matematik egitiminde bilisim teknolojilerinin kullanilmasi konusunda son
zamanlarda yogun arastirmalar ve uygulamalar yapilmaktadir (Baki, 2002). Egitim sektorii bilisim teknolojilerini
gelistirip egitim Ogretim ortamlarina katmak igin biiyiikk cabalar harcamaktadir (Alkan, 2005). Bu baglamda
smiflara FATIH projesi kapsaminda takilan akilli tahtalar egitim diinyasina pek ¢ok yenilik getirmistir. Bu
yeniliklerle birlikte 6gretmenlerimiz de kendi ders anlatma metotlarini degistirmeye baglamigtir. Egitim 6gretim
faaliyetleri de teknolojinin kullanilmastyla ¢ok yonlii ve ¢ok kanalli egitim modellerine doniismeye baslamistir
(Oguz, Oktay ve Ayhan 2004). Egitim siireclerine teknolojik gelismeler yon vermekte, egitim ortamlari
teknolojilerle zengin hale getirilmektedir (Bigak, 2019). Egitimde kullanilmaya baslayan teknolojiler farkli
duyulara hitap etmektedir. Teknolojilerinin bazilar1 goze, bazilar1 kulaga hitap etmektedir. Bunlarin diginda bazi
akilli tahtalarin dokunma ve etkilesim 6zelligi de vardir. Bu 6zellikler dikkate alindiginda segilecek teknolojinin
O6nemini son derece artmustir.

Egitimde bu degisimin gostergesi ise smif iginde dgretmenlerin Bilgi ve Iletisim Teknolojileri [BiT]’i etkin
kullanmaya calismalaridir. Artik 6gretmenler her yerde BIT kullanimini bir yenilik olarak gérmekte, dgretme ve
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O0grenme siirecinin gelistirilmesinde anahtar bir dneme sahip oldugunu diisiinmektedir (Sangra ve Gonzalez,
2010). Yapilandirmaci yaklasima dayali BIT destekli matematik ogretiminin tercin edilmesi bunun bir
gostergesidir (Baki, 2019). 2013 yilinda giincellenen Milli Egitim Bakanligi [MEB] ilkdgretim matematik dersi
dgretim programinda, matematigi etkili 6grenme ve kullanmaya yonelik olarak BIT becerilerinin gelistirilmesi
hedeflenmektedir.

Yurt icinde ve yurt disinda teknoloji destekli 6gretim kullanilarak yapilan ¢aligmalara bakildiginda bilgisayar
destekli 6gretim yapilan siniflardaki 6grencilerin akademik basarilarmmin geleneksel 6grenme ortamina gére daha
yiiksek oldugu buna karsin tutumlarinin farklilagmadigi anlasilmaktadir (Asici, 2014; Bastug ve Kircaburun,
2018; Bulut, 2009; Funkhouser, 2002; Sataf, 2010). Bilgisayar destekli 6gretim ile 6grenme gii¢liigii ¢ekilen
konularda kullanilan teknoloji destekli materyaller kavramlar1 somutlastirarak 6grencilerin 6grenmelerini olumlu
yonde etkiledigi anlagilmaktadir.

Akilli tahta smiflarimizin teknolojiye agilan penceresidir. Bu pencere sayesinde geleneksel 6grenme
ortamindan farkli birgok farkli 6grenme ortamlar1 ortaya ¢ikmaktadir. Bu 6grenme ortamlarinda kullanilan
teknolojinin bir¢ok faydast oldugu yapilan g¢alismalarla ortaya konulmustur. Bu ¢alismalarda derslerde
Ogrencilerin yeni bilgiler kesfetmesini ve derslere motive olmasmi sagladigi goriilmiistiir (Beauchamp ve
Kennewell, 2008; Kennewel, 2006; Kutluca, 2009; Ozkdk, 2010; Sataf, 2014; Yildizhan, 2013). Ogretmenler
derslerde akilli tahta iizerinde 6grenme giicliigii ¢ekilen bircok kavram iizerinde teknolojinin olanaklarmi
kullanarak somutlastirabilmislerdir. Bu sekilde anlamli dgrenmenin gerceklestigi ve 0grencinin dgrenmesini
destekledigi yapilan ¢aligmalarda ortaya koyulmustur (Asici, 2014; Bulut ve Kogoglu, 2012; Geer ve Barnes,
2007; Saltan, Arslan ve Gok, 2010; Schut, 2007; Selgik ve Bilgici, 2011).

Mutlak deger konusunda yapilan arastirma galigmalarin ¢ogu kavram yanilgilarini ortaya ¢ikarmayi
amaclamistir (Sandir, Ubuz ve Argiin, 2007; Yenilmez ve Avcu, 2009). Bu arastrmalarin ortaya koydugu
mutlak deger konusundaki kavram yanilgilarina arastrmaci 6gretmen de Ogretmenlik hayatt boyunca
karsilagmigtir. Akilli tahta iizerinde yapilan ¢aligmalarin ¢ogunlugu derslerdeki motivasyon ve tutum tizerinde
olmustur (Beauchamp ve Kennewell, 2008; Kennewel, 2006; Kutluca, 2009; Ozkok, 2010; Sataf, 2014;
Yildizhan, 2013). Mutlak deger ve esitsizlik konularinda dnceden tespit edilmis kavram yanilgilarini gidermek
icin teknoloji kullanilan ¢alismaya rastlanamamistir. Bu baglamda 6grenme giicliiklerini azaltacak ya da
giderecek teknoloji ile destekli bir 6grenme ortamindaki 6grenmeler onem kazanmistir. Geleneksel 6grenme
ortamindan farklilagsmasi agisindan da farkliliklarmi ortaya konulmasi egitim ¢aligmalarina 6nemli bir katki
saglayacaktir.

Bu ¢alismada; hem arastirmaci 6gretmenin kendi 6gretmenlik deneyimi boyunca gézlemledigi hem de ilgili
literatlirin belirttigi mutlak deger konusundaki 6grenme giigliiklerine odaklanildi ve egitim sistemimizde
kullanilmaya baslanan akilli tahta etkinlikleri yoluyla 6grencilerin bu konular1 6grenmeleri arastirildi. Bu
amacla, mutlak deger konusunun 6gretiminde etkilesimli tahtanin kullaniminin nasil bir 6grenme ortami
olusturdugu bir aksiyon arastirmasi olarak ele alinmaktadir. Bu ortamda arastirmaci 6gretmen siire¢ i¢inde
asagidaki sorularm cevaplarini bulmaya calisti:

v Bu ortam 6grencilere mutlak deger esitsizliklerini ¢ozme yollarini nasil saglamaktadir?
v" Bu ortam, ogrencilere mutlak deger esitsizliklerini ¢ozerken hatalarni ve yanlis anlamalarini
gormek i¢in olas1 kaynaklar1 nasil saglamaktadir?

2. Yontem

Nitel arastirmalar, yalitilmig ve kontrollii ortamlarda bazi degiskenlerin manipiilasyonuyla test edilen
hipotezlerin yoklandigi nicel arastirmalardan farkli olarak arastirma problemlerini kendi baglaminda ve
derinlemesine olarak incelemeye odaklanmustir. Nitel aragtirmalarimn, arastirilan bir konu hakkinda derinlemesine
inceleme yapilmasina imkan vermesi, konuyla ilgili bireylerin bakig agisinin derinlemesine incelenmesine ve
konuya katki saglayan sosyal yapinin arastirilmasina zemin hazirlamasi bakimindan bilimsel arastirmalara en
onemli katkilar1 olmaktadir (Bogdan ve Biklen, 1992; Miles ve Huberman, 1994; Patton, 1990; Yildirim ve
Simsek, 2003). Bu arastirmada teknoloji donanimli bir ortamda mutlak deger konularinin 6gretilmesinin
ogrencilerin biligsel 6grenmelerini nasil etkiledigi arastirmact 6gretmen yaklasimiyla anlagilmaya ¢aligilacaktir.
Bu amagla akilli tahta stratejisinin herhangi bir manipiilasyon yapilmadan dogrudan 6grenme-6gretme siirecinde
kendi dogal seyri iginde 0grencilerden alinan yansimalar ve smif i¢i gdzlemlerle ayrmtili olarak incelenmek
istendiginden bir nitel aragtirma yaklasimi olan aksiyon arastirmasi ydonteminin kullanilmasinin uygun olacagi
diigtiniilmiistiir.

Aksiyon aragtirmasi, iki nedenden dolay1 6gretmen egitiminde 6nemli goriilmektedir (Magos, 2007):

1. Ogretmenin kendi egitiminde aktif olmas1 ve bu amagla arastirmada basrol alarak birinci elden
veri elde etmesi,
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2. Giinlik egitim uygulamalar1 ile genel egitim teorileri ve aragtirma ile 6gretme arasinda bir
koprii olmasi ihtiyacindandir

Bu calismada amaca uygun olarak arastirmact 6gretmen yaklasimi ile bir aksiyon arastirmasi deseni
kullanilmistir. Aksiyon arasgtrmasimnin dogasmin geregi olarak bu yontem farkli okul ve smif i¢i sorunlar:
derinlemesine incelemeyi kolaylastirmasi ve bir 6gretmenin simifindaki sorunlarin iistesinden gelerek sinifindaki
Ogretim kalitesini arttirmay1 hedefleyen aragtirmaci 6gretmeni 6n plana ¢ikarmaktadir (Ekiz, 2003; Kindon ve
Elwood, 2009).

2.1. Katihmcilar

Arastirmaci gorev yaptigi kurumda matematik derslerine girdigi siiflar 6rneklemi olusturmustur. Caligmanin
orneklemi Ordu ilinde bulunan bir Anadolu Lisesinin dokuzuncu smifinda &grenim goren 34 Ogrenciden
olusmustur (makalede kullamilan tiim 6grenci isimleri takmadir). Ogrenciler 6grenim gordiikleri okula sinavla
yerlestiginden ayni1 ylizdelik dilimde bulunmaktadirlar.

2.2. Siirec

Arasgtirmacinin deneyimleri ve literatiir incelemesinden sonra asil ¢alismaya ge¢ilmistir. Ders igindeki tim
etkinlikler arastirmaci &gretmen tarafindan yiiriitiilmiistiir. FATIH projesi kapsaminda tiim smiflarda akilli
tahtalar oldugundan herkes dogal olarak kendi bulundugu siniflarinda derslere katilmigtir. Uygulamalara
baslamadan 6nce 6grencilere dersin nasil islenecegi ile ilgili kisa bir bilgi verilmistir.

Mutlak deger konusu matematik miifredatinda 9.smifinda okutulan bir konudur. 6 saatlik bir ders saati iginde
anlatilan ti¢ kazanim odakli bir konudur. Arastirmacinin daha Onceki tecriibeleri ve literatiir arastirmasindan
ortaya koyulan kavramlarin teknoloji destekli ortamda anlatilarak 6grenme giigliigii ¢ekilen kavramlarin
ogretilmesindeki siire¢ igerisindeki eski ile yeni arasindaki farklilagsmalar incelenecektir. Bundan dolay:
aragtirmada uygulanacak derslerin planlar1 asagidaki teorik c¢erceveye oturtularak 6 ders saatinde
gergeklestirilmistir. Bu teorik ¢erceve SE modelinden uyarlanarak Baki (2019) tarafindan 4E modeli olarak ifade
edilmistir. Boylece, akilli tahta kullanilan derslerin akis semasi asagidaki gibi 6zetlenebilir:

Birinci Asama (Merak): Dersin basinda konu ile ilgili internetten indirilen goérseller izletildikten sonra konuya
kars1 ilgi ve merak uyandiracak ve karsilikli diyaloglar1 baslatacak sorular ve akilli tahta agiklamalar1 kullanildi
(bk. Sekil 1).

a Mutlak deger; her sayinin baslangigc noktasina olan uzakhgini ifade eder.
fJ ~y * v 2

Bir “a” sayisinin *
mutlak degeri;

—— T2 e
: ~ /'< \\ —
7/ -

e SN WY " "4l [ (o ans
S,:g% Naz, 77 - Noktasi b

Sekil 1. Mutlak deger tanimu ile ilgili bir akill tahta gérseli

Bu gérselden sonra mutlak degerin tammmmi diisiinmeleri igin dgrencilere biraz zaman tanindi. Ogrenciler
yanimnda bulunan arkadasiyla kargilikli diyaloglara girerek mutlak degerin tanimini yapmaya ¢alistilar.
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Bu iki canlidan hangisi deniz yiizeyine daha uzaktir?

Bir cismin deniz yiizeyine gdre konumunu bu
cismin deniz yiizeyine olan uzakligina egleyen
fonksiyon:
x, x> 0igin
f(x)=Id=1 0, x=0igin
-x, X <0 igin

Bu gekilde tanimlanan 6zel fonksiyona
denir.

Mutlak degeri ifadeyi 0 yapan degerier

w lerdir.
—

Sekil 2. Mutlak deger tanim1 ve tanimla ilgili bir akilli tahta gorseli

ikinci Asama (Kesfetme): Ogrenciler akilli tahtada kendilerine yoneltilen sorulari ikili gruplar halinde ¢ozmeye
¢alistilar. Bunun i¢in kendilerine yeterli zaman verildi.

StarBoard Software (StarBoard-2017-12-05-06-22-16] e
Dosye Dusene Gomom Aucr flde Konu_Kontersns_Ayedas_Yandem
|| seoe e |-
Seg g2
£
Masa,
P Yastahtas =
VAR ——— - E
Bir sayinin mutlak degeri, sayinin bulundugu noktanin baslangig |
noktasina uzakh@idir. Bir x sayrisivin mutlak degeri | x | ile .
gosterilir. E
6ve 6 sayllannin baglangig noktasina olan uzakiiklari
ayni oldugundan, mutlak degeri 6 dir. e E
! ———
IAOI=1-61 10B1=1 6 |
I161=1-61=6

e SO SoEekE
S8 B0

& start|

Sekil 3. Mutlak degeri say1 dogrusunda gosteren 6rnekler

Uciincii Asama (A¢iklama): Sorularm ¢éziimleri tartisildi ve 6grencilere akilli tahta iizerinde ¢oziimlerini
gostermeleri icin firsat verildi. Ogrencilerin ¢dziimlere akilli tahtamin déniitlerine bagli olarak &grenciler
¢oziimleri ile ilgili aciklama ve diizeltme firsat1 buldular:

b
a

i ‘StarBoard Software 2017-12:04-23-30-52)

Dosys Duzenle Gorunum Avaglar Ede Konu Konferans Ayarlar Yardim

ORNEK 2

N
Hv‘
| I— 1
([ | RS | [ o |

Asagidaki fadeterin esme\rinl Bulunuz.
a) V2-1| b) V2 - V3| c) |3 -x
Gozim

a)vV2-1 >Ooldugundanlw7izr—1l=\f2— dir.

b) V2 - V3 < 0 oldugundan

|\/§ - \/5| == -V2 +/3 tir.

c) n=3,14... oldujundan 3~-x<0 dir.

0 halde, |3~ | =@= 3+x dir a
]

o [—F[ZE[ef
B

Sekil 4. Mutlak degerli esitsizlik 6rnekleri

Dérdiincii Asama (Degerlendirme): Ogrencilere yine akilli tahta iizerinden degerlendirme amaciyla dnceden
belirlenen sorular yoneltilerek 6grencilerin bir 6nceki asamada ogrendiklerini yeni durumlara aktarip
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aktaramadiklar1 gézlendi. Gozlenen 6grenme giicliiklerine bagli olarak yeni sorular {izerinde duruldu, yeni 6rnek
ve agiklamalarla ders toparlandi.

1<x<2 olmak izere
|x-2] +[x+1]

adesinin esiti nedi’?

Sekil 5. Tanim aralig1 ve mutlak degerli ifadelerin ¢6ziimii

Uygulamada Startboard interaktif tahta yazilimi ve Flash Movie (SWF) programu kullanilmistir. Teknoloji
donanimli bir ortam oldugundan akilli tahtanin tiim olanaklarindan yararlanilmistir. Akilli tahta internet
baglantili oldugundan Egitim Bilisim Agi [EBA] {izerinden tiim video, resimler ve cesitli akilli tahta
materyallerine ulasilmis ve derslerde kullanilmistir. Uygulamanm tamaminda arastirmaci dgretmen smif
ortaminda bulundu ve tiim etkinliklerde aktif rol almis olup bu siirecte hem 6gretmen hem de gbzlemci olarak
yer almistir. Boylelikle arastirmacinin ayni anda iistlendigi iki rol 6grenme siireci hakkinda yeterli gdzlem
yapma imkani saglamustir. Arastirmada, gozlemlere iliskin goriisler gézlem notlar olarak kaydedilmistir. Ayrica
bu siiregte gegen 6grenci-dgrenci ve arastirmaci-dgrenci diyaloglari takip edilmis ve bu diyaloglar gézlem notlar1
olarak kaydedilmistir.

Ogretme siirecinde dgrenci merkezli bir yaklasim benimsenmistir. Bu siirecte dgrenciler etkinliklere aktif
olarak katilmistir. Ayrica 6grenciler bu siiregte birbirleriyle igbirligi i¢inde olmuslardir. Arastirmada 6grencilerin
O6grenme siirecinde matematik bilgileri yapilanirken yansittiklar1 yazil diisiinceler ve iriinler ders notlar1 olarak
ogrenciler tarafindan defterlerine yazilmistir.

2.3. Veri Toplama Araglan

Aragtirma problemlerinin analizi i¢in gerekli verileri toplamak amaciyla, teknoloji donanimli sinifta anlatilan
derslerdeki smif igi gdzlemleri yapilmis ve alan notlar tutulmustur.

2.2.1. Gozlemler

Gozlenen ortama aktif katilim varsa bu tiir gézlemler katilime1 gézlem olarak adlandirilmaktadir (Ekiz, 2003;
Yildirim ve Simsek, 2003). Bu gézlem tiiriinde, gézlemci baskalarinin yasamlarina girerek, onlarin diisiince ve
fikirlerini ortaya ¢ikarmaya g¢aligirlar. Yani, aragtirmanimn bir pargasi olup siirece katilma, beraber yasama ve
paylasimda bulunarak arastirmada aktif rol almaktir (Ekiz, 2003). Bu ¢alismada aksiyon aragtirmasinin bir geregi
olarak arastirmaci 6gretmen olarak siirece aktif olarak katildi. Testten elde edilen veriler yaninda gézlenen ders
ortamindan yasananlar zengin bir veri kaynagi olarak veri analizine dahil edilmistir. Gerek 6grencinin matematik
bilgisinin olusmasimda gerekse akilli tahtanin egitim siirecine katkisinin ortaya ¢ikmasinda gozlemler ¢ok 6nemli
veri kaynagi rolii oynamustir.

2.2.2. Mutlak Deger Testi

Mutlak deger konusu teknoloji donanimli ortamda anlatildiktan uzun bir siire sonra (3 ay sonra)
degerlendirme smavi yapildi. Bu test, teknoloji ortaminda Ogrenilen Ogrenmelerin &grencilerde nasil
olgunlastigini gérmemiz agisindan 6nemlidir. Mutlak Deger smavi miifredatta olan kazanimlara uygun 10
sorudan olugmaktadir. Sorular matematik miifredatinda yer alan kazanimlar dogrultusunda ve ilgi literatiirde yer
alan ¢aligmalardan yararlanarak arastirmaciin 6gretmenlik meslegindeki deneyimiyle ve bir uzman goriisii
alinarak hazirlanmistir:

1) |-3 — 6] + |7 — 5] degerini hesaplaymiz.

2) x < 0ise |x — 3| + |2 — x| degerini hesaplaymiz.

3) |[4x — 6] = —10 denkleminin ¢dziim kiimesini bulunuz.

4) |3x — 12| = 12 — 3x denkleminin ¢6ziim kiimesini bulunuz.
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5) [2x — 1|3 < 1 esitsizliginin ¢oziim kiimesini bulunuz.

6) |3x — 5| = 7denkleminin ¢6ziim kiimesini bulunuz.

7) |x + 1| < —6 esitsizligin ¢oziim kiimesini bulunuz.

8) x > y birer reel say1 olmak tizere [x — y| + |y — x| ifadesinin esitini bulunuz.

9) [x| < 6 olduguna gore x — 2y + 2 = 0 kosullarini saglayan kag tane y tam sayis1 vardir?
10) x reel say1 olmak iizere x + 2|x| — 4 = 0 denkleminin ¢6ziim kiimesini bulunuz.

2.4. Verilerin Analizi

Ders gozlemlerinden ve mutlak deger testinden elde edilen nitel veriler aragtirma problemine uygun olarak
analiz edildi. Ogrencilerin hem ders boyunca etkinliklere katilmalari sirasinda ¢dziimlerinden ve 6gretmenle
girdikleri diyaloglarindan hem de testteki cevaplarindan olusan verilerin analizi siirecinde birinci boliimde
belirtilen kavramla ilgili giicliikleri yansitip yansitmadiklarina odaklanildi.

3. Bulgular

Arastirmaci 6gretmen modeli ile sinif icinde 6grencilerin yaptig1 davranislar: gézlemlenmis ve dgrencilerin
soru ¢oOziimlerinde sergiledikleri tutumlar1 izlenerek alan notlar1 tutulmustur. Ayrica 6grencilerle &rnek
¢Oziimleri srrasinda smif icinde diyaloglara girildi ve bu diyaloglardan elde edilen verileri alan notu olarak
kaydedildi. Simf i¢i gbzlemlerinden, ders notlarindan ve mutlak deger sinavindan elde edilen bulgular; mutlak
degerin tanimi, mutlak degerli denklemler ve mutlak degerli esitsizlikler seklinde ti¢ ana baslik altinda ayrmtili
olarak verildi.

3.1. Mutlak Degerin Tanimu ile ilgili Elde Edilen Bulgular
3.1.1. Sumf I¢i Gézlemlerden Elde Edilen Bulgular

Ogrencilere ders anlatilirken ve akilli tahtada konu ile ilgili gorseller izletilirken gesitli merak uyandirici
sorular soruldu ve bu sorularla 6grencilerin kendi bilgilerini olusturmalar1 saglanmaya c¢aligildi. Kesfederek
kendileri olusturduklar: bilgilerle mutlak degerin tanimmi yapmalari ileride yasanacak dgrenme giigliigiiniin
Oniine gecilmesi amaglandi. Daha sonra mutlak degerin tanimi asagidaki gibi ifade edildi ve akilli tahta {izerinde
orneklendirildi;

Mutlak degerin igindeki ifade pozitif ya da sifir ise ayni sekilde, negatif ise Oniine eksi alarak mutlak degerin
disina ¢ikmaktadir. Bu esnada Utku s6z istedi. Smif iginde arastirmaci 6gretmen (AO) ile Utku arasinda
asagidaki diyalog yasandu:

Utku: Hocam mutlak degerin igindeki ifade disart eksi ¢ikamaz demigstiniz. Simdi ise ifadeyi eksi ile
carpmamig gerektigini séylediniz.

AO: Mutlak degerin icindeki bir ifade mutlak deger disina negatif ¢ikamaz. Ciinkii tanim bir saymin
baslangi¢ noktasina olan uzakligi olarak ifade edilmistir. Bundan dolay1 i¢erdeki ifade negatif
ise negatif bir ifadeyi pozitif yapmak icin eksi ile carpmamiz gerekmektedir.

Yaganan diyalogda Utku gibi Selenay da mutlak degerin tanimidan kaynaklanan bir anlama giigligii
yasamistir.

~of
A Rl

# ’\{‘ndesm\‘\ en Sode \r\a\?’?

2D Qo L2ect W) & W\ ad
-3y -2) ‘\'3 = =HL
M= =)

Sekil 6. Selenay’in 6rnek ¢oziimiindeki islem adimlari

Sekil 6’da goriildiigii gibi smif i¢i derslerde negatif x degerine gore ifadeyi en sade bigimde yazilmasi
istenmistir. Bu islemleri yaparken Ogrenciler mutlak degerin tanimmi kullanmalar1 gerekmektedir. Ancak
dgrenciler x'in tamm bdlgesine gore mutlak degerin tanmmm kullanamamglardir. Mutlak degerin tanimm
konusunda giigliik ¢ektiginden kendilerine kolay gelen tanim bdlgelerinden sayilar alip islemleri yapmayi tercih
etmiglerdir. Oysaki Ogrencilerden bu bolgede mutlak degerin i¢inin negatif veya pozitiflik durumunun
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incelenmesi istenmis ve mutlak degerin tanimini kullanarak sonuca ulagmalar1 beklenmistir. Ders sirasinda
aragtirmaci ile Selenay arasinda agagidaki diyalog yasandt:

AO: Neden x bilinmeyenine deger vererek hesaplama yapryorsunuz?

Selenay: Hocam x’in tamim bolgesi bize verilmis biz bu aralikta bir deger alarak sonuca ulastik. Ben x
yerine -2 yazdim ve sonuca ulastim.

AO: Siz bu tamm bolgesi icin mutlak degerli ifadelerin porzitiflik ya da negatiflik durumunu
inceleseniz de sonra sonuca ulagmaya ¢aligsaniz olmaz mi?

Selenay: Hocam sonugta mutlak deger uzaklik kavrami bir reel sayiya esit olmall dedi.

Yasanan diyalogda Selenay mutlak degerin uzaklik kavrami oldugunu 6grenmis olup bir reel sayiya esit
olmast gerektigini vurgulamigtir. Ancak verilen aralik i¢in mutlak degerin tanimmi kullanmayi hi¢ diisiinmemis
ve bu aralikta farkli her reel say1 i¢in farkli bir sonug olmasi gerektigini gérememistir.

Ogrencilere |2 -5 | ifadesinin mutlak deger dismna nasil ¢ikarilacagi soruldu. Ebru gibi birgok 6grenci x
bilinmeyeninin yerine deger vererek sonuca ulasmaya calistig1 gdzlendi. Mutlak degerin i¢i daima pozitif olur
inancindan dolayi, |2 -5 | ifadesinin disariya —(2 - \/E) seklinde ¢ikabilecegi baz1 6grencilere zorluk yasatti:

=
o ¢

19 - J% \ - 2x1\AR

Sekil 7. Ebru’nun 6rnek ¢dziimii

Sekil 7°de goriildiigi gibi Ebru mutlak degerli ifadenin iginde bulunan eksi igaretini art1 yaparak mutlak
degerin disma ¢ikarmustir. Halbuki, sorunun ¢6ziimiinde mutlak degerin icindeki ifadenin isaret incelenmesi
yapilmasi gerekmektedir. Ancak sekilde goriildiigii gibi 6grenci mutlak degerin iginin pozitif olacagni
diistinerek mutlak degerin igindeki eksileri art1 yaptigi goriilmiistiir. Sonra 6grenci ile arastirmaci arasinda soyle
bir diyalog yagandi.

AO: Mutlak degerin tamimi size ne ifade ediyor? Gérsellerde de gordiigiin gibi tamim uzakliktan

bahsediyordu.
Ebru:  Mutlak deger bir makine gibidir hocam.
AO: Nasil?

Ebru:  Makinenin igine ne koyarsan pozitif yapar. Onun igin ifadenin icinde ne kadar eksi varsa hepsi
arti oluyor.

AO: Akally tahtadaki gorsel sayr dogrusu iizerindeki bir noktanin baslangi¢ noktasina olan uzakligini
gosteriyordu. Peki, mutlak degerin icindeki ifadenin hi¢ mi 6nemi yok?

Ebru: (Biraz diisiindiikten sonra) vardir herhalde tam bilemiyorum hocam.

Yasanan diyalogda Ebru mutlak degeri bir makineye benzetmistir. Makine i¢ine ne koyarsan koy her seyi art1
yaptyor seklinde asir1 bir genelleme yaptig1 goriilmiistiir. Bu ise mutlak degerin taniminin yanlis 6grenilmesine
sebep olmustur.

Ogrencilerden mutlak degerin tanimini kullanilarak denklemde bilinmeyenlerin degerlerinin bulunmasi
istenmistir:

’ 2X 3, 1 | y + 3l + | Z 4 0 olduguna gore

x— 2y + 3z kagtir ¥

\\‘ )

Sekil 8: Seyhun’nun 6rnek ¢oziimiindeki islem adimlar1

Sekil 8’de goriildigii gibi Seyhun’un ¢oziimii dikkat ¢ekiciydi. Seyhun mutlak degerin i¢indeki eksi (-)
isaretleri art1 yaparak soruyu ¢ozmiistiir. Seyhun ile asagidaki diyalog gergeklesti:

AO: Neden mutlak deger igindeki tiim — isaretleri arti yaparak disar ¢ikariyorsunuz?
Seyhun: Hocam mutlak deger — (eksi) isaretleri artrya doniistiiriiyor yani mutlak deger her seyi arti
yapuyor.

Yasanan diyalogda Seyhun mutlak degeri pozitif yapan bir 6ge olarak gérmiistiir. Bundan dolay1 sorunun
¢oziimiinde yanilgiya diigmiistiir. Ogrenci mutlak degerin i¢inde bulunan ifadedeki ¢ikarma igleminden gelen —
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(eksi) isaretleri + (art1) yapmustir. Seyhun gibi baz1 6grenciler de ayni sekilde hatalara distiigii gozlenmistir.
Akilli tahtaya indirilen ¢ok sayida benzer sorularin ¢éziilmesiyle bu hatalarin farkinda olunmasi saglandi. Ekran
gorintiilerinin kayit altina alinmasi ve sonra ¢éziimlere tekrar doniilerek 6grencilere birebir doniitler verilmesi de
geleneksel 6grenme ortamindan farkli bir yoniin ortaya ¢ikmasi agisindan énemlidir.

Ogrenciler gorseller iizerinde akilli tahtanin etkilesim 6zelligini kullanarak dgrenme giigliigii ¢ektikleri bu
kavramlar1 somutlastirarak &grenebildikleri goriildii. Geleneksel 6grenme ortaminda tebesir ile tahta {izerinde
yaptigimiz bu islemler 6grencilere ¢ok soyut geldiginden 6grenme giigliikleri gektiklerini arastirmact onceki
tecriibelerinden bilmekteydi. Yapilan akilli tahta etkinlikleri ile bu giicliikleri asildig1 goriilmiistiir.

Teknoloji destekli ortamda mutlak deger konusu 4E yaklagimma uygun olarak arastirmaci Ggretmen
tarafindan anlatilmistir. Bu dersler geleneksel yontemlerden farkli olarak akilli tahtanin icerdigi yazilimlardan
yararlanilarak gerceklestirilmistir. Bu esnada 6grenciler akilli tahtada yapilan etkinlikleri ders notlar1 seklinde
defterlerine yazmistir:

Sekil 9: Baha’nin 6rnek ¢oziimiindeki islem adimlari

Sekil 9°da goriildiigt gibi Baha akilli tahtaya yazilan 6rnegi ¢6zerken x degiskeninin tanimlhi oldugu bolgeye
gore mutlak degerli ifadenin farkli degerler alabilecegini gorememistir. Farkli her x degeri i¢in uzakliklar
toplami farkli olacaktir. Ogrenci yalniz tek x degeri i¢in sonucu bulmustur. x = —4 igin yaptig1 islemde sonucu
—7 bulmustur. Mutlak deger bir saymnimn baslangi¢ noktasma olan uzaklik oldugundan iki mutlak degerin toplami
negatif olamayacagmi diistinememistir. Smifin tamami kendi ¢oziimlerini yaptiktan sonra sorunun ¢éziimii akilli
tahtada c¢oziildii. Akilli tahtada da etkilesim o6zelliginden soru {lizerinde oynamalar yaparak teknoloji
kullanilmisgtir.

Tahtaya indirilen diger bir soruyu defterine yazan Ebru’nun da x'in tanim bolgesini dikkate almadan islem
yaptig1 gdzlenmistir:

X0 S zvast amem ML -k =7

S e
X —x +’7,><\
—< + Lk

Sekil 10. Ebru’nun 6rnek ¢oziimiindeki iglem adimlari

Goriildigii gibi Ebru sonucu dogru bulmasina ragmen x degiskeninin tanimli oldugu bolgeye gore mutlak
degeri agmamig buna karsin mutlak deger semboliinii parantez gibi diisiinerek islemi yapmustur.

Ders notlarindaki mutlak degerin tanimi ile ilgili sorular incelendiginde Ogrencilerin birgok kavram
yanilgisina diistiikleri goriilmektedir. Ogrencilerin cogunlugu x degiskeninin tanim bolgesi verilen sorularda
tanim bdlgesinden uygun bir sayisal deger alarak ¢6ziim yapmislardir. Bu tanimli olan bolgelere gore ifadelerin
isaret incelenmesi yapilmamistir. Ayni kavram yanilgilar1 smif i¢i goézlemlerinde de goriilmiistiir. Ancak
derslerde kullanilan akilli tahtada 6rnek ¢6ziimleri yapildik¢a ve yapilan Ornek ¢oziimleri tahtaya kayit
edilebilmekte oldugundan hatalar sorgulanip diizeltilebilmistir. Ogrenciler hatalarmi akilli tahtalarda sorular
tizerinde goérmiisler kendi ders notlarma dogru ¢6ziimleri yazmislardir. Bagka bir zaman diliminde ayni1 tiirde
sorulan sorulara verdikleri cevaplarda degisimler oldugu goriilmiistiir. Bu degisimler konuyla ilgili s6z konusu
giicliiklerin azaldig1 veya yok oldugu gozlenmistir.

3.1.2. Mutlak Deger Testinden Elde Edilen Bulgular

Mutlak degerin tanimu ile ilgili 3 tane soru soruldu. Mutlak deger testinin birinci, ikinci ve sekizinci sorulari
mutlak degerin tanimmin yorumlanmasi ile ¢oziilecek sorulardir. Ogrencilerin biiyiik gogunlugu birinci soruyu
mutlak deger tanimimni dogru yorumlayarak ¢ozebilmistir. Ancak az da olsa bazi 6grenciler Ceren gibi mutlak
deger semboliinii parantez gibi kullanarak asagidaki gibi ¢éztimler yapmistir:
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ThE ' COZUM:
|

— 36l 74:5§ S5 ‘
3 ' degerini hesaplayimniz. |

¢ .

Sekil 11. Ceren’in mutlak deger testindeki 1.sorunun ¢éziimii

Sekil 11°de goriildiigi gibi Ceren mutlak degerin iizerine dogru isaretleri yazmis ancak mutlak deger disina
¢ikarrken —9’un mutlak degerinin +9 oldugu bilgisini kullanamamistir. Goriildiigii gibi Ceren’in 6grenme
giicliigliniin devam ettigini sdyleyebiliriz.

Testin sekizinci sorusunda verilen mutlak degerli cebirsel ifadenin x ve y reel sayilarinin x > y kosuluna gore
¢Oziilmesi istenmektedir. Asagida Biisra’nin ¢6ziimii goriilmektedir:

ORN Q——\'\ - COZUM:

X ve y birer reel say1 olmak tizere |x - y| +|y — | ifadesinin | 7( i ':)Q_ 5 ) l ><
|

esitini bulunuz.

QD (

Sekil 12. Biisra’nin mutlak deger testinin 8. sorusuna verdigi cevap

Sekil 12°de goriildiigii gibi Biisra soruyu ¢ozerken x >y kosulunu dikkate alarak mutlak degerli ifadeyi
dogru agarak sonuca ulasmistir. Biisra uygulama testindeki mutlak degerin tanimi kullanilarak ¢6ziilen ii¢ soruya
da dogru cevap vererek bilgisini farkli sorularda dogru kullanmistir. Biisra i¢in teknoloji ortaminda anlatilan
mutlak deger konusundaki 6grenme giigliikleri ortadan kalkmis ve bilgisini uzun bir siire sonra dogru kullandigi
sOylenebilir.

Diger bir d6grenci ise x > y kosuluna dikkat ederek mutlak degerlerin isaretlerin dogru yazmis anacak mutlak
degerleri belirledigi isaretlere gore agamamistir:

8) cOZUM:
X ve y birer reel say1 olmak tizere |x - y| +ly - x[ ifadesinin l"fi \ _‘,\3:)(\

esitini bulunuz.
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Sekil 13. Baha’nin mutlak deger testinin 8. sorusuna verdigi cevap

Sekil 13°de goriildiigii gibi Baha ifadeleri mutlak degerin disina ¢ikarirken islem hatasi yapmistir. Mutlak
degerli ifadelerin igindeki tlim isaretleri arti yaparak mutlak degerden kurtarmigtir. Baha onceki ornek
¢Oziimlerinde bu tiir sorularda tanimli bélgeden reel deger alarak ¢6ziim yaparken uygulama testinde isaret
incelemesi yaparak islem yapmistir. Ancak bu konuda hala eksigi oldugu anlagilmaktadir.

Teknoloji ortaminda akilli tahtada mutlak deger konusunun anlatilmasinda uzun zaman sonra yapilan mutlak
deger testinde mutlak degerin tanimint kullanilan sorularda bazi Sgrenciler ¢esitli kavram yanilgilarina
diismiislerdir. Daha onceki smif igi ve ders notlarindaki bulgulardaki kavram yanilgilarina benzer yanilgilar
yapilmistrr. Uygulama testindeki mutlak degerin tanimini kullanarak ¢oziilen sorulardaki yanilgilarin derslerde
gozlenenlere gore daha az oldugu goriilmistiir. Uzun bir zaman dilimi gegmesine karsin 6grenciler mutlak
degerin tanimii unutmamuglar ve farkl sorulara uygulayabilmislerdir. Verilen x degiskeninin tanim kiimesinden
bir reel say1 alarak ¢oziilen sorularda azalma oldugu goriilmiistiir. Ogrenciler mutlak degerin igindeki ifadeleri
tanim kiimesine gore isaret incelemesi yapmisglar ve sonra mutlak degerden kurtarmislardir. Ezbere 6grenme
olmadigindan bilgiyi uzun siire sonra farkli bir zamanda dogru bir sekilde kullanabilmislerdir. Teknoloji
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ortaminda anlatilan mutlak deger konusunun 6grenmelerinde anlamli 6grenmeler gerceklesmis ve dgrenme
giicliigl azalmustir.

Bu 6grenme giigliiklerinin giderilmesi i¢in akilli tahta etkinlikleri kullanildi. Akilli tahtada mutlak degerin
tanim1 Kullanilarak ¢oziilen 6rneklere Ggrenciler aktif olarak katilmigtir. Yani tahtada akilli tahtanm etkilesim
Ozelligi ile cesitli bilgisayar yazilimlarini kullanarak soyut olan bu kavrami somutlastirmuglardir. Sorularda
yaptiklar1 yanilgilar1 ekran kayitlari ile irdelemislerdir. Ders ortami geleneksel ortamdan kurtulmus akilli tahta
ile ekrana istenilen her tirlii gorsel getirilerek ogrencilerde farkindalik olusturulmus oldu. Smif iginde
gozlemlenen mutlak degerin tanimi ile ilgili 6grenme giicliigli ¢ekilen kavramlarm Ogrenilmesi saglandi
Geleneksel ortamda bu tiir farkindalik olusturma olanagimiz yoktur. Tebesir ile tahtaya yazdigimiz her bilgi
Ogrenci icin ¢cok soyut kalmaktadir. Geleneksel ortamda 6grencilerin 6grenme giichigli ¢ektigini siire¢ i¢inde
aninda géremiyoruz. Ancak akilli tahta ile 6grencilere ¢cok sayida 6rnegi ¢ozebilme firsat1 saglandigi i¢in aninda
O0gretmen olarak Ogrencilerin nerelerde &grenme giicliigii c¢ektigini gorebilmekteyiz. Daha sonraki zaman
diliminde uygulanan mutlak deger smavinda smif i¢i gozlemlerde ve ders notlarinda gézlenen mutlak degerin
tanimu ile ilgili sorularda 6grenme giigliigii gekilmedigi goriilmiistiir. Ogrencilerin cogu mutlak deger smavinda
mutlak degerin tanimu ile ilgili sorular1 dogru bir sekilde ¢dzmiislerdir.

3.2. Mutlak Degerli Esitlikler ve Esitsizliklerle ilgili Elde Edilen Bulgular
3.2.1. Sumif I¢i Gézlemlerden Elde Edilen Bulgular

Akillr tahtada mutlak degerli bir ifade pozitif bir reel sayiya esitse mutlak degerin igindeki ifadenin baslangig
noktasma olan uzakligi oldugundan iki farkli k6k bulunacag: akilli tahta etkinlikleri ile gosterildi. Smf igi
gozlemlerinde mutlak degerin pozitif bir reel sayiya esit oldugunda Ogrencilerin sorun yasamadiklar1 ancak
diisiik de olsa bazi 6grencilerin mutlak degerli ifade negatif bir degere esit oldugunda ¢6ziim kiimesi bulmaya
calistiklar1 gozlenmistir:

\\Q\) - e
2 A g]=-5 (=€ GQd8im \coiadish ol
\-Ax 4Bl = s ORI
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Sekil 14. Mavis’in mutlak degerli esitlik 6rneginin ¢éziimii

Sekil 14’de goriildiigii gibi Mavis mutlak degerin uzaklik kavramindan dolayi negatif bir sayiya esit
olamayacagmi gorememis ve denklemi ¢ézmeye caligmistir. Buradan Ogrencinin ¢6ziime girismeden Once
mutlak degerin tanimmi dikkate almadigi anlasiimaktadir. Ogrencilerin mutlak degerli ifadelerde kavram
yanilgisina diismesinin en biiyiikk nedeni mutlak degerin tanimmi iyi kavrayamadiklar1 oldugu goriilmiistiir.
Teknoloji ortaminda anlatilan mutlak deger konusunda smif i¢i gézlemlerinde mutlak degerli denklemlerde bu
tiir giigliiklerin yasandig1 gozlenmistir. Ozellikle bu 6grenciler negatif reel sayiya esit olan mutlak degerli
denklemleri ¢ozmeye calismiglardir. Akilli tahtada mutlak degerin tanimui ile ilgili gorseller ekrana getirilmis ve
mutlak degerin tanimu ile ilgili 6rnek ¢oziimler kayit altina alinarak tekrar izlettirilmistir. Sonra mutlak degerin
uzaklik kavramu ile iligkisi gdsterilmis ve mutlak degerli bir ifadenin negatif sayiya esit olamayacagi iizerinde
durulmustur. Béylece, geleneksel ortamda yapamadigimiz bir ortam olusturulmustur. Ogrencilerde bilgilerin
somutlastirilmasi ve derinlestirilmesi sayesinde bu tiir 6grenme giigliiklerinin azaldig1 gézlenmistir.

Smif i¢i gozlemlenen yanilgilar ders notlarinda da goriilmiistiir. Asagidaki ornek Hazal’m defterinden
almmustir:

|2 <-Sl=E8
9u-S=4 2x-5= 1 |
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Sekil 15. Hazal’in mutlak degerli esitlik 6rneginin ¢oziimii
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Sekil 15’de goriildiigti gibi Hazal mutlak degerli bir ifadenin negatif bir reel sayiya esit olabilecegini
diistinerek ifadeyi denklem gibi ¢dzmiistiir. Burada mutlak degerli bir ifade pozitif bir reel sayiya esit oldugunda
mutlak degerin i¢indeki ifadeyi verilen reel saymin bir pozitifine bir de negatifine esitleyip denklemlerin
¢oziilmesine benzetilerek ¢6ziim yapilmistir. Baslangic noktasina uzakliklari ayni olan iki farkli reel say:
oldugundan iki farkl reel kok bulunmustur. Ancak Hazal burada uzunlugun negatif bir sayiya esit olabilecegini
diistinmiis ve yanilgiya diismiistiir. Akilli tahtada sorunun ¢6ziimil yapildiktan ve ¢oziim kiimesinin bos kiime
oldugu gosterildikten sonra Hazal ¢6ziimiiniin yanina “koék yoktur” notunu diismiistiir.

Mutlak degerin negatif bir degere esit olmayacaginin farkinda olan ¢ogu 6grenci de Pelin gibi defterine
asagidaki gibi bir cevap yazmistir:

\2xst -1 mutblc

o e c»éiz
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Sekil 16. Pelin’in mutlak degerli esitlik 6rneginin ¢éziimii

Sekil 16’da goriildiigii gibi Pelin cevap olarak mutlak deger negatif sayiya esit olamaz seklinde not yazmistir.
Pelin gibi bircok ogrenci bu siirecte mutlak degerin taniminit 6grendigi farkli sorularda kullanabildigi
goriilmiistiir. Akilli tahtada farkli denklemler ¢o6ziildigiinden pozitif reel sayiya esit olan sorularda hatalar
gbzlenmemistir. Sadece negatif sayiya esit olan denklemlerde yanilgilar gézlenmistir. Hazal gibi bir¢ok 6grenci
akilli tahtada islenen derslerden sonra yanilgilari azalttiklar1 ve sorular1 dogru ¢ozdiikleri gdzlenmistir.

3.2.3. Mutlak Deger Testinden Elde Edilen Bulgular

Mutlak deger smavinda 3., 4., 6. ve 10. sorular mutlak degerli denklemlerin ¢dziimleri ile ilgilidir. Sinif ici
gozlemlerde ve ders notlarinda 6grencilerin ¢ogu negatif bir mutlak degere esit oldugunda soruyu ¢oziip ¢dziim
kiimelerini yazdiklarini gérmiistiik. Ancak uygulama testinde bu durumun diizeldigi, 6grencilerin yirmisinin
dogru ¢6ziim yaptig1 ve ¢oziim kiimesi bos kiimedir cevabini sinav kagitlarina yazdiklart belirlenmistir.

COZUM:
(3eSLsme motlole Joier
| Neg\Folmoz. ZQ

s

3)

4x—6|=-10 denkleminin ¢oziim kiimesini bulunuz.

Sekil 17. Kemal’in mutlak deger testinin 3. sorusuna verdigi cevap

Sekil 17°de goriildigii gibi Kemal negatif reel sayiya esit olan mutlak degeri ¢6zmeden ¢6ziim kiimesini bos
kiime seklinde yazmistir. Smif ici gdzlemlerde ve ders notlarinda Hazal gibi Kemal de bu tiir sorularda kavram
yanilgilart yapmustir. Ancak sinavda negatif degere esit olan mutlak degerin ¢dziimiiniin bos kiime oldugu
bilgisini dogru kullanmastur.

Bazi ogrenciler mutlak degerli bir ifadenin pozitif bir degere esit olmasi durumunda bunu denkleme
benzeterek mutlak degerli denklemin de tek ¢6ziimii olacagini diislinmiistiir.

~ ' denkleminin ¢6ziim kiimesini bulunuz.

e,
Jy= 1S
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&

Sekil 18. Rumeysa’nin mutlak deger testinin 6. sorusuna verdigi cevap
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Sekil 18°de goriildiigii gibi Riimeysa sorunun sadece tek kismini ¢ozmiistiir. Mutlak degerin i¢indeki ifadeyi
pozitif saytya esitlemis ve tek bir kok bulmustur. Sadece mutlak degerin i¢ini pozitif olma durumu i¢in agarak
bulmas1 Riimeysa’nin mutlak degerin tanimi ile ilgili eksik anlamaya sahip oldugu anlasilmaktadir. Bi tiir
¢Ozlim yapanlarm orani diisiik olsa da mutlak degerli esitligi denklem gibi gérme veya mutlak deger semboliine
parantez gibi muamele etme davramisi devam ettigi anlagiimaktadir.

Coziimler akilli tahta sayesinde kayit altma alind1. Ogrencilere yaptiklar: hatalar ya da tekrarladiklar1 hatalar
izlettirildi. Ug ay sonraki zaman diliminde uygulanan mutlak deger testinde 6grencilerin sinif i¢i gézlemlerde ve
ders notlarinda yaptiklar: hatalar1 yapmadiklar: belirlendi. Olusturulan teknoloji donanimli ortamin égrenmeler
tizerinden belli bir siire gegmesine ragmen 6grencilerin dogru bilgileri kullanabildikleri goriildii. Sinavdaki dogru
cevaplarm orani, akilli tahta da izlettirilen gorseller sayesinde mutlak degerli denklemlerin ¢dziimlerinin
ogrenildigini gostermektedir.

3.3. Mutlak Degerli Esitsizliklerle Tlgili Elde Edilen Bulgular

Mutlak deger bir saymin baslangic noktasma olan uzaklig1 olarak tanimladigimizda uzakligi bir sayidan
kiigiik ya da biiyiik oldugu durumlar akill tahtada {izerinde gosterilmistir. Ornegin; |x| < 3 ifadesinde baslangic
noktasina uzakligi ii¢ ve tigten kiigiik sayilar olarak belirtilmistir.

3.3.1. Sumif I¢i Gozlerden Elde Edilen Bulgular

Mutlak degerli esitsizlikler teknoloji donanimli ortamda arastirmaci tarafindan akilli tahta iizerinde gesitli
gorsellerle birlikte anlatildi. Mutlak degerli esitsizlikte bazi 6grencilerin 6grenme giicliigii cektikleri hem smif ici
gozlemlerden hem de ders notlarindan anlasiimaktadir. Ornegin, asagidaki ¢oziimde oldugu gibi baz1 6grenciler
esitsizligi denklem gibi ¢6zerek bir ¢oziim kiimesi bulmak yerine bir deger bulmaya yonelmistir:

Ix+21<4 esitsizligini saglayan kag tane tamsay! vardir?
red = Y 2T i = U
ot Lel
- 4 4ard
! e warcl F e e

Sekil 19. Emel’in mutlak degerli esitsizlik 6rneginin ¢ozimii

Sekil 19’da goriildiigii gibi Emel verilen esitsizligi denklem gibi ¢6zmiis ve buldugu degeri bilinmeyenin
yerine yazmugtir. Coziim kiimesi bulmak yerine sagladigini gordiigii degeri cevap olarak yazmustir. Soruda
dgrenciden [—6,2] araliginda kalan tamsayilar1 bulmasi istenmektedir. Burada ogrenci aralik bulmak yerine
esitligi saglayan bir deger bulmustur.

Huriye mutlak degerli esitsizlik ¢dziimiinde ¢6ziimii mutlak degerin i¢indeki ifadeyi 1 den kiiciik olarak
almig ve sonra da mutlak degerin igerisindeki ifadeyi -1 den kiiglik alarak esitsizligi ¢ozmiistiir:

Bore® | 2 —3 g = &=
2% L A>3 ,17(4—\“—1
Ax &\ o &L
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Sekil 20. Huriye’nin mutlak degerli esitsizlik 6rneginin ¢6ziimii

Sekil 20’de goriildiigii gibi mutlak deger pozitif bir sayidan kii¢iik olmast durumunda mutlak degerin
icerisindeki ifade verilen pozitif degerin eksi (—) degerinden biiyiik art1 (4) degerinden kiigiik olmalidir. Huriye
¢oziimiinde bu kismi gérememistir. Ogrencilerin bir kismmin ders sirasinda benzer drnekler ¢oziiliirken Huriye
gibi mutlak degerli esitsizliklerde mutlak degerin igindeki ifadenin baslangi¢ noktasina olan uzakligi oldugunu
gorememigler ve yanilgilara diismiislerdir. Mutlak degerli bir ifadenin pozitif bir degerden kiigiik oldugu
durumda bir aralik bulmak yerine 6grenciler denklem gibi ¢6ziim yaparak kdkler bulmuslardir. Diger bir yanilg:
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ise mutlak degerli bir ifadenin negatif degerden kiiciik oldugu durumda uzakligin sifirdan kiigiik olamayacagini
diisiinmeden ¢6ziim kiimeleri bulmaya ¢aligmiglardir.

3.3.2. Mutlak Deger Testinden Elde Edilen Bulgular

Mutlak deger smavinin 5., 7. ve 9. Sorular esitsizliklerle ilgilidir. Sinif i¢i gozlemlerde ve ders notlarinda
mutlak degerli esitsizliklerle ilgili sorularda Ogrenciler denklem ¢6ziimiinde yaptiklari ¢6ziim yolunu
kullanmislardir. Uygulama testinde de benzer yanilgilara az da olsa rastlanmistir:

COZUM:

Sekil 21. Hazal’in testi 5. sorusuna verdigi cevabi

Sekil 21°de goriildiigli gibi Hazal mutlak degerli esitsizligi 4’ten kiiciik bulduktan sonra denklem ¢dziimiinde
oldugu gibi esitsizligi ¢ozmeye ¢alismistir. Ayrica, mutlak degerin igindeki ifadeyi dnce 4’ten kiiciik almis ve
¢Oziim aralig1 bulmustur. Hazal’m yaptigi bu kisim dogrudur. Ancak mutlak degeri 4 ten kiigiik olan sayilar ayni
zaman da —4’ten bilyiik sayilar oldugunun farkinda olamamistir. Bunun sonucu olarak ifadeyi -4’ten kii¢iik almig

ve ¢Oziim aralig1 bulmustur. Sonra buldugu bu iki ¢dziim araligini birlestirirken buldugu x < —% esitsizligini

matematiksel bir gecerligi olmadig1 halde x > —% esitsizligine cevirerek dogru ¢dziim kiimesini yazmuistir.
Ancak ¢ozlim kiimesini dogru yazmasi 6grencinin ezbere islem yapmasindan kaynaklanmaktadir. Ciinkii ¢6ziim
kiimesinden once kendi buldugu araliklari sorgulasaydi ¢oziim kiimesi yazdigi kiime gibi olamayacagmi
gorecekti. Az oranda olsa da baz1 6grencilerin ¢oziimleri de Hazal’m yaptig1 ¢6ziim ile benzerlik gostermektedir.

Mutlak deger sinavinda negatif reel sayidan kiiglik mutlak degerli esitsizligin ¢6ziim kiimesinin bulunmasi
istenen soruyu ¢dzerken nispeten sayilar1 az olsa da bazi 6grenciler mutlak deger tanimimi bir noktanin sifira
uzaklig1 olarak yorumlayip uzakligin da negatif olamayacagini dikkate almayarak ¢6ziim kiimesi bulmaya
calismistir. Asagidaki iki 6rnek bu durumu yansitmaktadir:

7) CcOZUM:
X%+ <=6 Lz |l Y
¢c6ziim kiimesini bulunuz.
- . <-, — -
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N cozZOM:
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¢6zliim kiimesini bulunuz.

Sekil 22. Mutlak deger testinin 7. sorusuna verilen bazi cevap 6rnekleri

Buna kargm mutlak deger simavinda negatif reel sayidan kiiciik mutlak degerli esitsizligin ¢6ziim kiimesini
bulmasi istenen soruyu sinifin ¢ogunlugu dogru ¢ézmiistiir:
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Sekil 23. Yasemin’in mutlak deger testinin 7. sorusuna verdigi cevap

Sekil 23’te goriildiigii gibi Yasemin smif i¢i gozlemlerin ve ders notlarindaki 6rnek ¢dziimlerinin aksine
dogru ¢oziim yapmustir. Yanlis soru ¢dziimlerinden gerekli bilgileri 6grenmis ve bu bilgileri farkli zamanda
soruya uygulayarak dogru sonuca ulagmistir. Yasemin gibi diger 6grencilerin de 6grenme gii¢ligii ¢ektigi bu
soru tiplerinde anlamli 6grenme gergeklestirdikleri anlagilmaktadir.

Mutlak degeri 6’dan kiigiik ve esit olan x degiskenine bagl olarak y degiskeninin alacagi tamsayilarmin
soruldugu 9. soruda bazi 6grenciler soruyu ¢ozerken x degiskenine tamsay1 degeri vermislerdir:

- - 3 4 0
AR s 7 M e
[ 9) = lpiet® L={(J o ¥ 17
_n vosullannt saglayan kag - — ‘
x| <6 |dupuna gore X-23 ~2=0 kogullanni sag T — =
rardir? r/—' . f \4= Y /
rane y tamsay1si varair: o) e . L
ane St = g

Sekil 24. Utku’nun mutlak deger testinin 9. sorusuna verdigi cevap

Sekil 24’te goriildiigii gibi utku soruyu ¢ozerken x degiskenine 6, 4, 2 degerleri vermis ve karsihiginda y
degerlerini bulmustur. Esitsizlikte bilgi eksikligi oldugundan say1 degerleri vererek sonuca ulasmaya caligmistir.
Diger bir 6grenci de x degiskeninin alabilecegi tamsayi degerlerini bulmus ve bu degerlerin karsiliginda
y degerlerini de ayni sayida belirtmistir. Ancak Sekil 25’de goriildiigii gibi Cansu y degiskeninin katsayisini
hesaba katmadigindan hatali sonuca ulasmustir:
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Sekil 25. Cansu’nun mutlak deger testinin 9. sorusuna verdigi cevap

Esitsizlik ¢oziimlerinde denklem ¢ozlimlerinde yaptig1 ¢6ziim yollarmi kullanmiglardir. Ancak sinif iginde ve
ders notlarinda ortaya ¢ikan mutlak degerin negatif degerden kiigiik olan esitsizliklerin ¢oziimleri yapilmamis ve
¢Oziim kiimesi bos kiime olarak yazilmigtir. Negatif degerden kiiciik olan esitsizliklerin ¢éziimiinii dogru yapan
0grenci sayisinin artmis olmasi bu kazanimla ilgili anlamli 6grenmenin gergeklesmis oldugunu gostermistir.

Sonu¢ olarak mutlak deger testinde 6grencilerin bilgilerinin kaliciligini gormemiz, teknoloji ortaminda
anlatilan bilginin farkli zaman dilimine taginmasinda yanilgilarin artmas: ya da azalmasi yoniindeki verileri
gbrmemiz adina ¢ok dnemli olmustur.

4. Tartisma ve Sonuc¢

Matematik egitimine yonelik reform hareketlerinde, BIT lerin etkin bir sekilde kullanilmasmin gerekliligi
vurgulanmaktadir (Baki, Giiven ve Karatas, 2002). Bu baglamda Teknoloji Destekli Ogretimin dgrencilerin
Mutlak deger konusundaki &grenmeleri iizerine etkisini, Ogrencilerin konuyla ilgili yasadiklar1 giigliiklerin
giderilmesi yoniindeki etkisi elde edilen bulgularla ortaya ¢ikarilmaya ¢aligilmistir. Bu ¢alismada, mutlak deger
konusunun o6gretiminde etkilesimli tahtanin kullanimmimn nasil bir 6grenme ortami olusturdugu sorusu bir
aksiyon arastrmasi olarak ele almmustir. Teknoloji donanimli ortamda anlatilan mutlak deger konularinin
ogrenmelerinin geleneksel dgrenme ortamina gore nasil farklilagtigi kiyaslanarak incelenmistir.
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Bu caligmada, mutlak deger ve mutlak degerli esitsizlikler konusu akilli tahtada kullanilarak arastirmact
Ogretmen tarafindan yiiriitiilmiistiir. Bu ortamda yiiriitiilen dersler sirasinda karsilasilan 6grenme giigliikleri,
aragtirmact Ogretmenin geleneksel 6grenme ortamlarinda gozledigi 6grenme giicliikleri ve ilgili literatiiriin
bulgulariyla ortiigmektedir. Arastirmaci 6gretmen yillar iginde bu kavramlarla ¢okca karsilasnug ve dgrenme
gligliiklerini ortadan kaldirmak igin teknoloji ile desteklenmis O6grenme ortamuni olusturmustur. Teknoloji
destekli 6grenme ortaminda 0grenme giicliigii ¢ekilen kavramlar gorseller yardimiyla somutlastirilmis ve bu
kavramlarin 6grenilmesi saglanmigtir. Ayrica akilli tahtanin dokunmatik 6zelligi sayesinde Ogrenciler akill
tahtada cesitli gorseller ve somut modeller izlemelerinin yaninda 6rnek ¢oziimleri yaparken akilli tahta ile
iletigim kurabildikleri gézlenmistir.

Genel olarak, bu calismadaki bulgular literatiirdeki bulgular ile ortiismektedir. Ozellikle, bu g¢alisma
denklemlerin ve esitsizliklerin ders kitabinda ve miifredatta birlikte ele alindigmmi ve dgrencilerin ¢ogunun
¢Oziimlerindeki denklemleri ve esitsizlikleri karistirmaya ve mantiksal baglantilar1 kullanimlar1 konusunda hata
yapma egiliminde olduklarmi ortaya koymaktadir. Ayrica bu galisma, dgrencilerin mutlak degerli ifadeleri
hesaplama faaliyetlerinin, mutlak degerin iginin parantezin i¢i gibi ¢ikarma, isareti degistirme veya esitsizligin
yOniinii cevirme gibi matematiksel anlami olmayan manipiilasyonlardan olustugunu gostermistir.

Akilli tahta etkinliklerinde ¢ok sayida farkli 6rneklerin ¢6ziilmesi 6grenilen bilgilerin tahtaya indirilen yeni
sorularda kullanilmasi 6grenme istegini artirdig1 gozlenmistir. Teknoloji 6grencilerin ilgisini ¢ekmis ve derse
karst motivasyonlar1 yliksek olmustur. Geleneksel ortamda tahtaya yazilan bilgiler 6grenciler tarafindan
defterlerine yazilmakta ve tahtadakiler silindigi zaman tekrar o 6rnek lizerinde tartisma ortami olusturmak
imkansiz hale gelmektedir. Mutlak degerin tanimini anlatirken kullanilan akilli tahta etkinlikleri 6grenciler i¢in
geleneksel ortamdan ¢ok farkli olmustur. Calismaya katilan ¢ogu &grencilerin bu tiir giiglikkleri yenerek mutlak
deger ve mutlak degerli esitsizliklerle ilgili kavramsal 6grenme gergeklestirdikleri gdzlenmistir.

Akill tahta kullanilarak verilen derslerde mutlak degerli denklemlerin ¢6ziimiinde kimi 6grencilerin mutlak
deger semboliinii parantez gibi kullandiklari, kimilerinin de mutlak degerli ifadelerin negatif reel sayiya esit veya
kiiciik esit olduklarinda kavram yanilgisina diistiikleri gézlenmistir. Akilli tahtada anlatilan mutlak degerli
denklemlerin ¢oziimiine yonelik farkli gorseller ve yazilimlar kullanarak mutlak degerli bir ifadenin negatif
degerlere esit olamayacagi ¢ok sayida Ornekler {izerinde gosterildi. Dersler ilerledikge &grencilerin bu tiir
yanilgilara diismesinin azaldig1 gozlendi. Yapilan yanlslar akilli tahtada defalarca izletilebilmekte ve 6grenci
yaptig1 yanlis1 gorebilmektedir. Teknoloji donanimli ortam mutlak degerli denklem ¢6ziimlerinde de akilli tahta
kavramlarin gorsellestirilmesini destekleyerek 6grenmeyi kolaylastirdigi gozlenmistir. Bu sekilde yiiriitiilen
derslerde Ogrenciler hep istekli oldular ve derse karsi motivasyonlar1 yiiksek olmustur. Bilgisayar destekli
Ogretim yapilmast 6grenme giicliiklerini azaltmak i¢in gorsellestirmeye imkan vermesi ve derslerde kullanilan
akilli tahta etkinlikleri ile derslerin ilging hale gelmesinin saglamasi agisindan c¢ok Onemli olmaktadir.
Literatiirde de teknolojinin derslerde kullanilmasi kavramsal 6grenmenin desteklenmesinde etkili oldugu ve
derslerin daha ilgi ¢ekici oldugu vurgulanmustir (Alkan ve Ertem, 1998; Baki, 2002; Kutluca, 2009; Pesen, 2003;
Usun, 2013).

Az sayida olsa da bazi 6grencilerin mutlak degerli ifadenin herhangi bir reel degerden kiigiik oldugu
durumlarda sorun yasadig1 gézlenmistir. Akilli tahtadaki gorseller ve drnek ¢éziimleri ile 6grencilerin yaptiklari
bu tiir hatalarm farkin da olmasi saglanmustir. Ornek ¢dziimlerde yapilan yanhslarin kayit altma alinmasi ve
sonraki derslerde tekrar goriilebilmesi 6grenme giicliiklerinin azalmasinda etkili olmustur. Geleneksel 6grenme
ortaminda esitsizlik konusunun &gretilmesi olduk¢a zor oluyordu. Ancak teknoloji ile uzunluk kavrami say1
dogrulart ve g¢esitli gorsellerle bu kavram &grencilerin  zihinlerinde somutlastirilabildigi  gézlenmistir.
Kavramlarin gorsellestirilerek 6grenilmesi 6grenme giicliigiiniin azalmasi agisindan etkili oldugu birgok
aragtirmact tarafindan vurgulanmstir (Baki, 2002; Bigak, 2019; Bulut ve Kogoglu, 2012; Ekici, 2008; Robinson,
2004; Schut, 2007)

Akallr tahta etkinlikleri cebirsel ve grafiksel ¢oziimleri ayn1 anda sundugu i¢in mutlak degerli esitsizliklerin
¢Oziimlerinin anlagilmasmi kolaylastirdigl gibi 6grencilerin ¢dziim igin Onerilen kurallarin neden isledigini
gormelerini de kolaylastirnustir. Ornegin, akilli tahtada cebirsel ifade yazildiginda hemen yaninda ilgili ¢izimin
say1 dogrusu lizerinde gériinmesi 6grencilerin |x — 3| < 2 ifadesinin x = 3 noktasindan 2 birim kadar uzaklhig:
olan noktalarin kiimesini gosterirken |x — 3| = 2 ifadesinin de x = 3 noktasindan 2 birim sonraki noktalarin
kiimesini gosterdigini anlamalarini kolaylagtirmistir. Teknoloji ile donatilmis bir ortamda 6gretim Ogrenci
merkezli yapilmakta, 6grenciye agik ve aragtirmaya yonelik etkinlikler sunulmaktadir (Dede ve Ketelhut, 2009).
Dolayisiyla boyle yaklasimlarda bilginin kaynagi sadece ogretmen ve ders kitaplar1 degildir. Ogrenciler
teknolojiyi kullanarak bilgiye kendilerinin ulasmasi derslere olan ilgiyi de artrmaktadir. Ilgili literatiirde
derslerdeki motivasyon ve Ogrencilerle iletisimin yliksek olmasmi saglayan teknoloji destekli ortamda
ogrencilerin derslerde 6grenmeye daha istekli olduklar1 belirtilmektedir (Cooper ve Brna, 2002).

Sonug olarak, bu c¢aligma, Ozellikle teknoloji tabanli bir ortamda mutlak deger ve mutlak deger
esitsizliklerinin 6gretilmesi ve dgrenilmesi ile ilgili olarak, Tiirkiye'de Matematik egitiminin durumunun 6zel bir
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resmini ¢izmistir. Bu ¢aligmada sunulan bulgular, 6grencilerin hatalarimi1 ve yanlig anlamalarii ve bu hata ve
yanlis anlamalarmn kaynaklarini ortaya g¢ikararak 6gretmenlerin bilgi birikimini genisletecektir. Bu bulgular,
o0grencilerin 0grenme stratejilerini ve Ogretmenlerin Ogretim stratejilerini degistirmenin yollarmi bulmaya
yardimci olacaktir. Ayrica d6grencilerin diisiinme bigimlerini anlama konusunda bilgi saglayacak ve bu bilginin
teknoloji donanimli ortamlarda yapilacak 6gretimi gelistirmek icin kullanilabilecegi bazi yollari isaret edecektir.

Bu caligmada mutlak deger, mutlak degerli esitlikler ve esitsizlikler konusunun gorsellestirilmesinin dgrenme
giigliikklerini azalttig1 gozlenmistir. Caligmada akilli tahtanin sundugu imkanlar 6l¢iisiinde mutlak degerlerle ilgili
kavramlar i¢in gorsellestirmeler kullanildi. Ancak bu ¢alismada GeoGebra programi kullanilmadi. GeoGebra
programinda verilen esitsizliklerin grafikleri ve istenilen bolgelerin taranarak gosterilmesi kavramlarin daha
fazla gorsellik katmaktadir. Bu programm akilli tahtalara indirilerek kullanilmas: konuyu daha ¢ok
somutlastiracaktir. Akilli tahtada ayni konunun GeoGebra kullanilarak anlatilarak 6grenme giigliiklerinin
giderilmesine olan etkilerinin arastirildigi benzer ¢aligmalar yapilabilir. Ayrica, bu ¢aligma 9. smifta yer alan
mutlak deger konusundaki 6grenme giicliiklerinin teknoloji destekli 6gretme-6grenme ortaminda incelenmesiyle
sinirlandirilmistir. Ancak mutlak deger bir¢ok konuya temel teskil eden bir konudur. Bu noktadan hareketle ileri
matematik diizeyinde 12. smif ve lisans 6grencilerinin 6rneklem oldugu ve Ogrencilerin bu siirecte yasadigi
O0grenim deneyimlerini de kapsayan benzer bir ¢aligma yapilabilir. Bu ¢alismanin smirliliklarindan birisi de,
testten sonra test maddeleri yoluyla goriisme yapilmamis olmasidir. Ogrenci goriigmeleri, bu cahismaya
ogrencilerin mutlak deger kavrami, mantiksal baglar ve diizen iligkileri hakkinda ne disiindiikleri ve
faaliyetlerini diizenleyen goriislerin neler oldugu hakkinda daha fazla fikir verecektir.
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Reflections on Instruction of Inequality and Absolute Value in a Technology-Equipped
Classroom: An Action Research

1. Introduction

In mathematics, concepts are interrelated and learning of one of the concepts creates a basis for learning
another concept. For this reason, it is important for students to learn concepts, processes, symbols and formulas
related to the subject conceptually while learning any subject of mathematics (Baki, 2019). The cognitive
difficulties experienced by the student are usually called as the learning difficulty related to the subject in the
case of inadequate conceptual learning. There are many reasons for these difficulties. Among these reasons,
students make incomplete reasoning while executing operations or not using different strategies to increase their
interest in lessons (Erdem, 2015) and inadequate appropriate teaching materials (Pijls, Dekker & Van Hout-
Wolters, 2007).

Visuality has an important place in learning abstract concepts with learning difficulties through
concretization. Investigating the effects of teaching materials used to concretize abstract concepts in mathematics
lessons and to realize teaching more effectively has an important place in mathematics education research (Baki,
2002, Giirbiiz, 2007). In order for learning to be effective, these researches emphasize the importance of active
participation of students in activities and the effective use of computers in mathematics lessons increase students'
willingness to participate in activities.

Although the subject of absolute value and absolute inequality is one of the basic subjects for learning other
subjects in the mathematics curriculum, it is one of the subjects that students have learning difficulties because
of its presentation and teaching (Sandir, Ubuz & Argiin, 2002; Yenilmez & Avcu, 2009). Introducing and
presentation of the subject in the curriculum and textbooks shapes the preferences of teachers to teach the
subject, and these preferences affect the student's learning about the subject. Rules for solutions of absolute
inequalities, such as "multiplying or dividing two sides by (=), then change the direction of the inequality
symbol" focus more on the image of the symbol rather than the meaning. These rules do not point out any
conceptual situation. The student tries to use this kind of learned rules without understanding their mathematical
meanings. This is frequently pointed out by the relevant literature (Scarborough, 2014). This is one of the
sources of students' learning difficulties related to the subject (Davis, 2013). The learning difficulties
experienced by the students about the absolute value and absolute inequalities was also observed by the
researcher as a teacher for more than 15 years are discussed below.

As it is known, |x| = vx2 definition is not included in the secondary mathematics curriculum. Therefore,
when an equation like | x — 3| < 4 is given, it is not expected form a high school student that s/he opens the
expression as (x — 3)? < 16, uses this definition and solves it; as (x + 1)(x —7) <0=>x>—-1vex > 7. 0On
the other hand, in the curriculum, this statement is expected to be solved as follows:

[x —3| <4
-(x-3)<4 (x—-3)<4
—x+3<4 2—-3<4
—-x<1 x <7

x>-1
CK={x|—1<x<7}

However, when this example is examined, the visualization of the rule comes to the fore rather than the
meaning of the operations performed as stated above. By considering the definition of absolute value, student
does not focus on why the absolute value in the left-hand column is taken out with a negative bracket and why
the directions of the inequality sign change. Generally, since the definition region is not taken into consideration
in the solution of such questions, the student tends to find a single solution as in the solution of the equations and
does not pay attention that the solution set should have an interval of -1 <x < 7.

Conversely, the expected solution of | x — 3 | > 4 is as follows:

|[x — 3] >4
—(x—3)>4 (x—3)>4
—-x+3>4 x—3>4
—x>1 x>7

x< -1
CK={x| —1>xvex >7}
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Students often think that there will be an interval in this case too, leaving the solution as -1> x> 7. Mostly,
such answers are written as a solution without thinking that there cannot be a real number that satisfies the
condition of -1> x> 7.

At the beginning of the introducing the topic of the absolute value, both textbooks and teachers generally
define the absolute value as the “distance from the zero point of an x on the number line”. This definition is
illustrated by examples on the number line. It is emphasized that the value inside the absolute value will not
come out as negative value, suchas | —5| = 5, | — x| = x. Both textbooks and teachers give examples by
stating that the distance between two points such as x and y is shown as | x —y | after these examples. The
student usually has difficulty in associating this final explanation with the definition of the absolute value as a
distance of a number to zero point on the number line. Students who cannot fully understand that the absolute
value cannot be equal to a negative number by the definition can find x = 2 by writing it as 2x —5 = —1
when the expression is given as | 2x — 5| = —1. Before this situation has been digested yet, the definition of
) =l ={* *=°

—X, x<0
conjunction with the concept of function, makes the concept of absolute value more complex in the eyes of
students. Because in this definition, the student sees that the image of the function for x < 0 is —x, and thinks
that this contradicts the expression of “the absolute value in the absolute value does not come out minus”
previously stated by the teacher. Moreover, the teacher's explanation that multiplied by (—), since x in absolute
value is less than zero, is enough to confuse most students. Because student directly focused on the symbol of |x|
without thinking the definition domain of x, and for him/her the product multiplied by (—).

is introduced and then the examples are being solved. This definition, which is given in

In the lessons of teachers who make such explanation, when students are asked about a question such as
x < 1, simplify the expression | x| + | —x| — | 3x|", we usually observe the following answers. Some of
the students open the expression as x — x + 3x by treating the absolute value like parentheses, and then write
the answer as 3x. Others, without thinking about the definition region of x, find the answer as —x by opening the
expression as x + x — 3x and opening the expression based on the rule that the absolute value should be
positive out of it. Similarly, while answering a question such as "x < 0, write |x —1| + |x| + 3 in the
simplest way", some students take x = —2 to eliminate 3 in the expression and then take the expression
as—3 + (— 2). Then they simplify it as—3 + (—2) + 3 = —2.

Another difficulty arising from the incomprehensibility of the absolute value definition is that s/he cannot see
that the solution set | x | < 0 is @. Because of this reason, s/he think that if the inequality of “| x | + 1 > 0” has
a solution then the inequality of “| x | + 1 < 0” also has a solution like 1 < x and x < —1. Similarly, it is
thought that if there is a solution for |x| =0, then | x | < 0 also has solution other than x = 0 as well.

On the other hand, the solution set of the inequality of | x | < 3 represents an intervalas SS = {x| —3 <
x < 3}. Most of the students think that | x | > 3 inequality will also represent an interval too. Therefore they
have difficulty in realizing that this does not represent an interval by writing the solution as —3 > x > 3.
Solving inequalities like equation is a common observed situation as well. For example, after resolving the
inequality of | 2x — 3| <1 as an equality, after finding x = 2, the solution is written as x < 2. When two
sides of the inequality are multiplied by(—), “why does the direction of inequality sign change?” is not being
understood, and then the wrong solutions are being done by opening | 2x — 3| < 1 inequality as 2x —3 < -1
or2x—3> —1.

On the other hand, when asked a question such as "How many integers that provide the equation | x + 2| <
4", some students are thought to be x < 2 after finding x = 2 by writing x + 2 = 4 and giving the answer
that there is an integer.

Consequently, both literature and researcher's observations reveal that most students often treat absolute
inequality as a linear inequality or equation, thereby ignoring the concept of absolute value in computational
activities. One of the difficulties observed is the conversion of absolute value inequality into two separate
expressions, using no logical bond to express the relationship between these two expressions and treating the
absolute value inequality as two separate linear inequalities. On the other hand, the rule of "change the direction
of inequality when two sides are multiplied by negative" is given for the solution of absolute value inequalities,
as the meaning of absolute inequalities is not fully understood, it is also difficult for the student to make a
holistic comment about the solution set. Can these learning difficulties, which are generally observed in terms of
absolute value and absolute inequality, be reduced in an environment enriched with smart board technology?
This question is the main research problem of this study which is carried out with the researcher as teacher
approach. The correct selection of teaching approach to be applied and of the material to be used for learning
difficulties about absolute value and absolute inequalities is very important in terms of creating an effective and
efficient teaching environment. Numerous studies (Baki, 2002; Bigak, 2019; Kutluca, 2009) which emphasize
the use of computer technologies in teaching of abstract concepts which are difficult to learn and recommend the
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use of interactive dynamic mathematics software and animations, form the basis of the instructional design used
in this study.

Technology is advancing rapidly and affecting the education area as well as every area of our lives. As a
result of this impact, intensive research and applications have been carried out recently on the use of information
technologies in mathematics education (Baki, 2002). Education sector is making great efforts to develop
information technologies and integrate them to educational environments (Alkan, 2005). In this context, smart
boards attached to the classrooms within the scope of FATIH project brought many innovations to the world of
education. With these innovations, our teachers started to change their own teaching practices. Education and
teaching activities have changed to multi-channel and multi-channel education models by using technology
(Oguz, Oktay and Ayhan 2004). Technological developments guide educational processes and educational
environments are enriched with technologies (Bigak, 2019). Technologies are used in education for different
senses. Some of the technologies is for the eye and some for the ear. Apart from these, some smart boards also
have touch and interaction features. When these features are taken into consideration, the importance of the
educational technology to be chosen to realize learning has increased tremendously.

The indicator of this change in education is that teachers try to use Information and Communication
Technologies [ICT] effectively in their classrooms. Now, teachers see the use of ICT everywhere as an
innovation and think that it has a key role in developing the teaching and learning process (Sangra & Gonzalez,
2010). The preference of ICT-based teaching of mathematics is an indicator of this (Baki, 2019). In the Ministry
of National Education primary mathematics curriculum updated in 2013, it is aimed to develop ICT skills for
effective learning and use of mathematics.

Considering the studies carried out using technology-supported education at Turkey and abroad, it is
understood that the academic achievement of the students in the computer-aided classes is higher than the
traditional learning environment, but their attitudes do not differ (Asici, 2014; Bastug & Kircaburun, 2018;
Bulut, 2009; Funkhouser, 2002; Shataf, 2010). It is understood that technology supported materials used in
subjects with learning difficulties with computer-aided instruction embody concepts and positively affect
students' learning.

The smart board is the window of our classrooms to technology. With this window, many different learning
environments emerge from the traditional learning environment. It has been demonstrated in studies that the
technology used in these learning environments has many benefits. In these studies, it was observed that students
discover new information and motivate the lessons (Beauchamp & Kennewell, 2008; Kennewel, 2006; Kutluca,
2009; Ozkok, 2010; Sataf, 2014; Yildizhan, 2013). Teachers were able to embody the possibilities of technology
on many concepts with learning difficulties on the smart board in the lessons. In this way, it has been revealed in
research studies that meaningful learning is realized and supports the learning of the student (Asici, 2014; Bulut
& Kogoglu, 2012; Geer & Barnes, 2007; Saltan, Arslan & Gok, 2010; Schut, 2007; Sel¢ik & Bilgici, 2011).

Most research studies on absolute value aimed to reveal misconceptions (Sandir, Ubuz & Argiin, 2007;
Yenilmez & Avcu, 2009). Researcher as teacher also encountered misconceptions about absolute value revealed
by these research studies throughout his teaching life. The majority of the research study done on the smart board
was on the motivation and attitude in the lessons (Beauchamp & Kennewell, 2008; Kennewel, 2006; Kutluca,
2009; Ozkok, 2010; Sataf, 2014; Yildizhan, 2013). It has not been possible to find a specific study using
technology to eliminate the predetermined misconceptions about absolute value and inequality. In this context,
learning in a learning environment supported by technology that will reduce or eliminate learning difficulties has
gained importance. To reveal its differences in terms of its differentiation from the traditional learning
environment will make an important contribution to educational studies.

In this study; the focus was on the learning difficulties about absolute value that the researcher as teacher
observed throughout his teaching experience and related research studies addressed. The aim is to investigate
how students learn these topics within smart board based environment. For this purpose, it was considered as an
action research on how the use of interactive smart board creates a learning environment in the teaching of the
subject of absolute value. In order to evaluate students’ learning in terms of learning difficulties about the topic
of absolute value, the researcher as a teacher tries to find answers to the following questions with in this
technology-based environment:

v" How this environment provides students with the correct ways in which students solve absolute value
inequalities?

v" How this environment provides students with the possible sources to see their errors and
misconceptions when solving absolute value inequalities?
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2. Method

Qualitative research focuses on examining research problems in its context and in depth, unlike quantitative
researches where hypotheses tested by manipulating some variables in isolated and controlled environments are
eliminated. In this study, an action research design was used in accordance with the purpose of researcher as
teacher approach. It is stated that the most important contribution to scientific research is to make an in-depth
examination of a subject investigated in qualitative research, to understand the individuals' perspective on the
subject, and the emergence of social structures and processes that contribute to the subject (Bogdan & Biklen,
1992; Miles & Huberman, 1994; Patton, 1990; Yildirnm & Simsek, 2003). In this research, it is tried to be
understood with the researcher as teacher approach how teaching absolute value issues in a technology —based
environment affects students' cognitive learning. For this purpose, it was thought to be appropriate to use the
action research method, which is a qualitative approach, since the smart board strategy is intended to be
examined in detail with the reflections received from the students and in-class observations in its natural course
directly in the learning-teaching process without any manipulation.

Action research is considered important in teacher education for two reasons (Magos, 2007):

1. The teacher should be active in his own teaching and get the first hand data by taking the lead role in the
research for this purpose,

2. The need for a bridge between daily teaching practices and general teaching theories and research and
teaching.

In this study, an action research pattern was used with the researcher as teacher approach in accordance with
the purpose. As a requirement of the nature of action research, this method emphasizes the researcher as teacher,
who aims to improve the quality of teaching in his classroom by facilitating to examine different school and
classroom problems in depth and to overcome the problems in a teacher's classroom (Ekiz, 2003; Kindon &
Elwood, 2009).

2.1. Participants

The sample of the study consisted of 34 students (all student names used in the article are nicknames)
studying in the ninth grade of an Anatolian High School in Ordu province in Turkey.

2.2. Process

After the evaluating the researcher's experiences and the literature review, the main study started. All
activities in the course were carried out by the researcher as teacher. As there are smart boards in all classes
within the scope of FATIH project, everyone has been in their own classrooms. Before the applications started,
students were given short information about how to teach the lesson.

The subject of absolute value is a subject taught in the 9th grade in the mathematics curriculum. It is a three-
focus objective taught in a 6-class hour. The differences between the old and new in the process of teaching the
concepts with learning difficulties by explaining the previous experiences of the researcher and the concepts
revealed in the literature research in the technology supported environment will be examined. Therefore, the
plans of the lessons to be applied in the research were made by fitting the following theoretical framework. This
theoretical framework was adapted from the 5E model and revised as 4E model by Baki (2019). Thus, the flow
chart of the lessons using smart board can be summarized as follows:

Stage 1 (Curiosity): At the beginning of the lesson, after the visuals downloaded from the internet related to the
subject were watched, questions and smart board explanations were used to arouse interest and curiosity and to
initiate mutual dialogues.
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Figure 1. A smart board image related to the absolute value definition

After this visual presentation, students were given some time to consider the definition of absolute value. The
students tried to define absolute value by engaging in mutual dialogues with their friend.

Bu iki canlidan hangisi deniz yiizeyine daha uzaktir?

A DR A .
Bir cismin deniz ylizeyine gore konumunu bu
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lerdir.

Figure 2. Absolute value and a smart board image related to the definition

Stage 2 (Discovery): The students tried to solve the questions posed to them on the smart board in pairs. They
were given enough time for this.
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Figure 3. Examples showing absolute value in the number line
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Stage 3 (Explanation): The solutions of the questions were discussed and students were given the opportunity
to show their solutions on the smart board. Based on the feedback of the smart board, the students had the
opportunity to explain and correct their solutions:

Dosya Duzenle Gorumum Araglar_Ekle Konu Konferans Ayarlar Yardim

]

=
ORNEK 2

Asagidaki tadeterin egitierini bulunuz.
a) V2 -1| b) V2 - V3| c)13-x|

Goziim

#) v2- 10 oldugundan V5 - 11c v3-) d. E

b) V2 - V3 < 0 oldugundan

e

c) n=3,14... oldujundan 3-x <0 dir.

O halde, Ia—_ul =@= -3 +n dir. ﬂ
J .

s —HZHeR

Figure 4. Examples of absolute inequality

Stage 4 (Assessment): It was observed that the students were not able to transfer what they learned in the
previous stage to new situations by asking pre-determined questions for evaluation on the smart board.
Depending on the learning difficulties observed, new questions were presented, and lessons were completed with
new examples and explanations.

Figure 5. Definition range and solution of absolute value expressions

Startboard interactive board software and Flash Movie (SWF) program were used in the application. As it is
a technology equipped environment, all the possibilities of the smart board have been used. Since the smart
board is connected to the Internet, all videos, pictures and various smart board materials were accessed and used
in the lessons via the Education Information Network [EIN]. In the whole application, the researcher was present
in the classroom environment and took an active role in all activities and took part in this process as both a
teacher and an observer. In this way, the researcher had the opportunity to make sufficient observations about the
two role learning processes undertaken simultaneously. In the research, the views on the observations were
recorded as observation notes. In addition, student-student and researcher-student dialogues during this process
were followed and these dialogues were recorded as observation notes.

A student-centered approach has been adopted in the teaching process. In this process, students actively
participated in the activities. In addition, students cooperated with each other during the learning process. In the
research, while the students were learning mathematics during the teaching process, the written thoughts and
products that they reflect were filled in by the students as lecture notes.
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2.3. Data Collection Tools

In order to collect the necessary data for the analysis of research problems, classroom observations were
made in the lessons taught in the technology-based classroom and field notes were kept.

2.2.1. Observations

If there is active participation in the observed environment, such observations are called participant as
observer (Ekiz, 2003; Yildirim & Simsek, 2003). In this type of observation, the observer enters the lives of
others and tries to reveal their thoughts and ideas. In other words, it is a part of the research and taking an active
role in the research by participating in the process, living together and sharing (Ekiz, 2003). In this study, as a
requirement of action research, the researcher as teacher actively participated in the process. Experiences from
the observed classroom environment are included in the data analysis as a rich data source. Observations have
played an important role both in the formation of the student's mathematics knowledge and in the emergence of
the contribution of the smart board to the educational process.

2.2.2. Absolute Value Test

After teaching the subject of absolute value within a technology-based environment, three months later an
evaluation test was conducted. This test is important in terms of seeing how the learning in technology-based
environment occurred in students. The absolute value test consists of 10 questions suitable for the achievements
in the curriculum. The questions were prepared in line with the objectives in the mathematics curriculum and by
taking advantage of the studies in the relevant literature, with the researcher's experience in the teaching
profession and by taking an expert opinion:

1) What is the value of | -3 — 5| + |7 — 5|?

2) Ifx < 0, find the value of |x — 3| + |2 — x|.

3) Find the solution set of the equation |[4x — 6] = —10.

4) Find the solution set of the equation |3x — 12| = 12 — 3x.

5) Find the solution set of the inequality |2x — 1| — 3 < 1.

6) Find the solution set of the equation |[3x — 5]) = 7.

7) Find the solution set of the inequality |x + 1| < —6.

8) If x and y are real numbers and x >y, find the equal of |x — y| + |y — x|.

9) |x| < 6 is given, find the integer values of y for the equation of for the equation of x — 2y + 2 = 0.
10) If x is a real number, find the solution set of the equation of x + 2|x| — 4 = 0.

2.4. Data Analysis

Qualitative data obtained from course observations and absolute value test were analyzed in accordance with
the research problem. It was focused on whether the students reflect the difficulties related to the concept
mentioned in the introduction section during the analysis of the data consisting of their solutions, their dialogues
with the teacher and the answers in the exam during their participation in the activities throughout the lesson.

3. Findings

With the researcher as teacher approach, students' behaviors in the classroom were observed and the field
notes were kept by following the activities of the students in their question solutions. In addition, dialogues with
students were entered in the classroom during questions solutions and the data obtained from these dialogs were
recorded as a field note. Findings obtained from classroom observations, lecture notes and absolute value exam;
presented in detail under three main subheadings: the definition of absolute value, absolute value equations and
absolute value inequalities.

3.1.1. Findings from Classroom Observations

While teaching the lessons to the students, while displaying the visuals on the smart board, various
interesting questions were asked and the students were asked to construct their own knowledge. It was also
aimed to define the absolute value with the information they created by discovering and to prevent learning
difficulties in the future. Then, the definition of absolute value is expressed as follows;

x , xz0
x| =
X , x<0

If the expression inside the absolute value is positive or zero, it goes out with the same. If it is negative, it
goes out with a negative sign. in front of it. Meanwhile Utku asked a permission to say something. The
following dialogue took place between the research as teacher (RT) and Utku in the classroom:
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Utku: My teacher, you said that the expression inside the absolute value cannot be minus out. Now you
said we should multiply the expression by minus.

RT: An expression in absolute value cannot be negative outside of absolute value. Because, we know that
the definition is expressed as the distance of a number from the zero point. Therefore, if the
expression inside is negative, we need to multiply by negative to make a negative expression
positive.

Like Utku, Selenay had a difficulty in understanding in terms of the absolute value.

Figure 6. Operation steps in Selenay's sample solution

As seen in Figure 6, during the classroom lessons, it was asked to write the expression in the simplest way
according to the negative x value. Students must use the definition of absolute value in these operations.
However, students could not use the definition of absolute value according to the domain of x. Since they had
difficulty in defining the absolute value, they preferred to take numbers from domain of x and solve the
expression numerically that were easy for them. However, the students were asked to examine the negative or
positive state of the absolute value in this region and expected to reach the result by using the definition of
absolute value. During the lesson, the following dialogue took place between the researcher and Selenay during
the lesson:

RT: Why do you calculate by evaluating x unknown?
Selenay: | am given the domain of x, we reached a result by taking a value in this domain. | wrote -2
instead of x and got the result.
RT: If you examine the positivity or negativity of absolute value statements for this domain, wouldn't you
try to reach the result later?
Selenay: My teacher! The meaning of absolute value is about the distance that it is must be equal to a
real number.
In this dialogue, Selenay learned that absolute value is the concept of distance and emphasized that it should
be equal to a real number. However, he never thought of using the definition of absolute value for the given
domain and could not see that there should be a different result for each different real number in this interval.

To students were asked to take the expression of | 2 — /5 | out of absolute value sign. It was observed that
many students like Ebru tried to reach the result by giving numerical value instead of x unknown. Because of the
belief that inside of the absolute value is always positive, | 2 — V5 | had some difficulties for some students
whose expression could appear outside — (2 — V/5):

pp—

loa-J&7| = 2x 1)+~

Figure 7. Operation steps in Ebru's sample solution

As seen in Figure 7, Ebru changed the sign within the absolute value from minus to plus. In solving the
problem, the sign within the absolute value must be examined. However, as seen in her solution, she thought that
the inside of the absolute value will be positive, and then she changed minus to plus within the absolute value.
Then there was a dialogue between the student and the researcher as below:

RT: What does the definition of absolute value mean to you? As you can see in the visual examples, the
definition was talking about distance.
Ebru: Absolute value is like a machine.

RT: How?
Ebru: Whatever you put into the machine makes it positive. That is why absolute value makes minus
positive.

RT: The visual number line on the smart board shows the distance of a point on the line from the zero
point. Well, does the sign within the absolute value matter?
Ebru: (After a little thought) | guess it is matter, | do not know exactly.
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As seen in this dialogue, Ebru appeared to liken the absolute value to a machine. For her, no matter what you
put in this machine that it does make everything positive. It was seen that she made an extreme generalization.
This caused the definition of absolute value to be learned incorrectly.

Using the definition of absolute value, students were asked to find the values of the unknown in the equation:

[2x — 3|+ |y + 3|+ |z 4|=0 oldugunagore

x — 2y + 3z kagtir ?

v

x 4 )

Figure 8. Operation steps in Selenay's sample solution

While the solutions of the students were observed in the classroom, as seen in Figure 8, Seyhun's solution
was remarkable. Seyhun solved the question by changing all minus signs as plus signs within the absolute value.
A dialogue with the Seyhun developed as follows:

RT: Why do you take out all negative signs from the inside of the absolute value by making them plus?
Seyhun: My teacher. Absolute value converts all minus to positive, so the absolute value does everything
plus.

In this dialogue, Seyhun sees the absolute value as a tool to make all expressions positive. For this reason, he
failed in solving the problem correctly. He changed minus signs to plus within the absolute value statements.
Some students, like Seyhun, were also observed to have made the same mistakes. By solving many similar
questions downloaded to the smart board, they were made aware of these errors. It is important to record
screenshots and then return to solutions and give students one-to-one feedback in order to reveal a different
aspect from the traditional learning environment.

It was seen that students could learn these concepts by concretizing and overcome with these difficulties by
using the interactive feature of the smart board on the images. Since these processes, which we do on chalkboard
in traditional learning environment, are very abstract for students, they have learning difficulties. The researcher
knew this situation from his previous experience. It was observed that these difficulties were overcome with
smart board activities.

In the technology-based environment, the subject of absolute value was explained by the researcher as
teacher in accordance with the 4E approach. These lessons were carried out by using the software included in the
smart board, unlike traditional methods. Meanwhile, students wrote the activities on the smart board in their
notebooks in the form of lecture notes as seen in Figure 9:

Figure 9. Operation steps in Baha's sample solution

While solving the examples written on the smart board, Baha could not see that the absolute value expression
can take different values according to the domain where the variable x is defined. The sum of the distances for
each different x value will be different. The student found the result only for the single x value. In the operation
for x = —4, the result was found to be —7. Since the absolute value is the distance from the starting point of a
number, he could not think that the sum of the two absolute values cannot be negative. After the whole class
made its own solutions, the solution of the problem was solved on the smart board. Technology was used on the
smart board by playing on the question from the interaction feature.

It has been observed that Ebru wrote down a question on her notebook that was downloaded to the
blackboard, then tried to solve the question without considering the defined domain of x.
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Figure 10. Operation steps in Ebru's sample solution

As seen in Figure 10, although Ebru found the result correct, she did not open the absolute value according to
the defined domain of x, and he did the operation by taking the absolute value symbol as parentheses.

When the solutions of questions about the definition of absolute value in students' lecture notes are examined,
it is seen that the students have many misconceptions. The majority of students made a solution by taking an
appropriate numerical value from the defined domain of x in the questions. According to the defined domains
the sign of the expressions has not been examined. The same misconceptions were also observed in classroom
observations. However, as the solutions of questions were made on the smart board used in the lessons and the
solutions were recorded on the board, errors could be questioned and corrected. The students saw their mistakes
on the questions on the smart boards and wrote the correct solutions to their lecture notes. It was observed that
there were changes in the answers given to the questions of the same type in another time period. These changes
have been observed to decrease or disappear in the mentioned difficulties.

3.1.2. Findings from the Absolute Value Test

Three questions were asked about the definition of absolute value. The first, second and eighth questions of
the absolute value exam are the questions to be solved by interpreting the definition of absolute value. The vast
majority of students were able to solve the first question by correctly interpreting the definition of absolute
value. However, some students, like Ceren, made the following solutions by using the absolute value symbol as
parentheses:
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Figure 11. The solution of the first question in Ceren's absolute value test

As seen in Figure 11, Ceren wrote the correct marks on the absolute value, but was unable to use the
information that the absolute value of —9 was +9 while out of absolute value. Therefore, we can say that Ceren
learning difficulties continue.

Students were asked to solve the x and y real numbers of the absolute algebraic expression given in the
eighth question of the test according to the x > y condition. Below is the solution of Biigra:

DR Q-—\'\ - cOZUM:

X ve y birer reel say1 olmak iizere |x - y| +|y — x| ifadesinin | 7( it 5&_ 5 ) ' ><

esitini bulunuz.
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Figure 12: Biisra's answer to the 8th question of the absolute value test

As seen in Figure 12, Biisra came to the conclusion by opening the absolute value statement correctly by taking
into account the x > y condition while solving the question. Biisra used her knowledge correctly in different
questions by giving correct answers to all three questions solved by using the definition of absolute value in
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practice test. Learning difficulties about the absolute value described in the technology environment for Biisra
have disappeared and it can be said that she used his knowledge correctly after a long time.

Another student wrote the signs of absolute values correctly, paying attention to the x > y condition. However,
he could not open the absolute values according to the signs he determined:

8) cOZUM:
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Figure 13. Baha's answer to the 8th question of the absolute value test

As seen in Figure 13, Baha made a transaction error while making the statements out of absolute value. He
makes all signs as positive within absolute value expressions while putting them outside of the absolute value
expressions. In the previous solutions, Baha made a transaction by taking a real value from the defined domain
in such questions and made a transaction by performing a sign examination in the application test. However, it is
understood that there is still a lack in this regard.

In the test, students exhibited various difficulties in understanding of the definition of the absolute value and
solving of absolute value equations and inequalities. These difficulties were the same that student’s exhibited
during the teaching process within the technology-based environment. Although a long period of time has
passed, students have not forgotten the definition of absolute value and have been able to apply it to different
questions. It has been observed that there is a decrease in the questions solved by taking the real number from the
definition set of the variable x. Students examined the expressions in absolute value according to the definition
set and then saved them from absolute value. Since there was no learning by heart, they were able to use
information correctly at a different time. Significant learning took place in the learning of the subject of absolute
value, which was explained in the technology environment, and learning difficulties decreased.

Smart board activities were used to overcome these learning difficulties. Students took an active role in the
examples solved using the definition of absolute value on the smart board. In other words, they concretize this
concept which is abstract by using the interactive feature of the smart board. They examined the errors they
made in the questions with screen recordings. The environment was created by bringing all kinds of visuals we
wanted to the screen with the smart board that was freed from the traditional environment. It was provided to
learn the concepts of learning difficulties related to the definition of the absolute value | observed in the
classroom. We are not able to raise awareness in the traditional environment. All information that we write on
the blackboard with chalk remains very abstract. In the traditional environment, we can determine that students
have learning difficulties with any measurement we make. However, with the smart board, we can see that
students have learning disabilities. In the absolute value exam applied in the next time frame, it was observed
that she did not have any learning difficulties in the questions related to the definition of absolute value that |
saw in the classroom observations and in the lecture notes. Most of the students correctly solved the questions
about the definition of absolute value in the absolute value test.

3.2. Findings Related to Absolute Valuable Equations and Inequalities
3.2.1. Findings from Classroom Observations

It is demonstrated by smart board activities that if an absolute value expression on the smart board is equal to
a positive real number, there will be two different roots because the expression within the absolute value is the
distance from the starting point. In classroom observations, it was observed that when absolute value is equal to
a positive real number, they do not have problems, but at a low rate, some students try to find a solution set when
the absolute value expression equals a negative value:
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Figure 14. Solution of Mavis for absolute value equation

As seen in Figure 14, Mavis could not see that the absolute value cannot be equal to a negative number due
to the concept of distance and tried to solve the equation. It is understood from here that the she does not take
into account the definition of absolute value before attempting a solution. It has been observed that the biggest
reason that students have difficulties in absolute value expressions is that they do not comprehend the definition
of absolute value well. In the classroom observations about the absolute value taught in the technology-based
environment, it is observed that such difficulties are experienced in absolute value equations as well. In
particular, these students tried to solve the absolute-value equations equal to the negative real number. The
visuals related to the definition of absolute value were displayed on the smart board, and the screens that
recorded the sample solutions related to the definition of absolute value were displayed again. Then the relation
of absolute value with distance concept was shown and it was emphasized that an absolute value expression
cannot be equal to negative number. Thus, an environment that we cannot do in the traditional environment has
been created. It has been observed that such learning difficulties are reduced by means of smart board activities
that the information is made concrete and deepened.

Some misconceptions observed in the classroom were also seen in the lecture notes. The following example
is taken from Hazal's notebook:
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Figure 15. Solution of Hazal for absolute value equation

As seen in Figure 15, Hazal solved the expression like an equation considering that an absolute value
expression can be equal to a negative real number. Here, when an absolute value expression is equal to a positive
real number, the expression within the absolute value is made as a solution of the equations by equalizing one
positive and one negative for the given real number. Since there are two different real numbers with the same
distance from the starting point, two different real roots have been found. However, Hazal thought that the length
could be equal to a negative number and made incorrect. After the problem was solved on the smart board and
the solution set was shown to be an empty set, Hazal wrote “no root” right side of her solution.

Many students, who are aware that the absolute value will not be equal to a negative value, have also written
an answer in their notebook like Pelin:
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Figure 16. Solution of absolute value equation example of Pelin
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As seen in Figure 16, Pelin wrote that the absolute value cannot be equal to negative number in response.
Many students such as Pelin were found to be able to use the definition of absolute value in different questions
during this process. Since different equations are solved on the smart board, no errors are observed in the
questions equal to the positive real number. Errors are only observed in equations that are equal to negative
numbers. It has been observed that many students like Hazal reduced their difficulties and solved the questions
correctly after the lessons on the smart board.

3.2.3. Findings from the Absolute Value Test

In the absolute value test, questions 3, 4, 6 and 10 are related to the solutions of absolute value equations. In
classroom and lecture notes, we saw that when the absolute value expression equals a negative value, they solve
the question and write the solution sets. However, it was determined that this situation resolved in the test,
twenty of the students made the right solution and the solution set is empty set and they wrote the answer on the
test papers.
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Figure 17. Kemal's answer to the third question of the absolute value test

As seen in Figure 17, Kemal wrote the solution set as an empty set without solving the absolute value equal
to the negative real number. Throughout the previous lessons, like Hazal, Kemal made misconceptions about
such questions in his classroom observations and lecture notes. However, he used the knowledge that the
solution of the absolute value equal to negative value in the test is an empty set.

Some students thought that if an absolute value expression is equal to a positive value, then like the equation
the absolute value equation will have the only solution as well.
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Figure 18. Rumeysa's answer to the 6th question of the absolute value test

As seen in Figure 18, Riimeysa solved only one part of the absolute equation. She equalized the expression
within the absolute value to a positive number and found a single root. It is understood that Riimeysa has an
incomplete understanding of the definition of absolute value only by finding the inside of the absolute value by
opening it for positive. It is understood that although the rate of those who make such solutions is low, the
behavior of seeing the absolute value equation as an equation or treating the absolute value symbol as
parentheses continues.

The solutions were recorded with the smart board. Students were watched their mistakes or repeated
mistakes. In the absolute value test held in the next timeframe (three months later than the teaching process), it
was determined that the students did not make mistakes that they made in classroom observations and lecture
notes. It has been observed that they have been able to use their knowledge correctly even after a certain period
of time past over on their learning in technology equipped environment. The ratio of correct answers in the test
shows that the solutions of absolute value equations are learned by means of the visuals examples on the smart
board.

3.3. Findings Regarding Absolute Valuable Inequalities

When we define the absolute value as the distance of a number from the zero point on the number line, the
situations where the distance is less than or greater than a number are shown on the smart board. For example; in
the statement, the distance to the starting point is specified as three and less than three numbers.
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3.3.1. Findings from Classroom Observations

Absolute inequalities were explained by the researcher as teacher in a technology-based environment
together with various visuals on the smart board. It is understood from both classroom observations and lecture
notes that some students have learning difficulties in solving absolute inequality. For example, by solving
inequality like an equation, some students tend to find a value instead of finding a solution set, as in the
following solution:
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Figure 19. The solution of Emel's absolute inequality example

As seen in Figure 19, Emel solved solved the given inequality like an equation and put the value instead of
the unknown. Instead of finding a solution set, she wrote the value as an answer. In the question, the student is
asked to find integers in the interval of [—6.2]. Instead of finding a range, the student found a value that provides
equality.

Huriye used two ways to solve the absolute inequality. As the first solution, she took the inside of the
absolute value as less than 1 and solved it. As a second solution, she took the inside of the absolute value less
than -1 and solved it.

3.3.2. Findings from Absolute Value Test

The 5th, 7th and 9th questions of the absolute value test are about inequalities. In observations and lecture
notes while students solving the absolute inequalities they solved them as equations. Similar misconceptions
were also observed in their test, papers.
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Figure 20. Solution of Huriye's absolute inequality example

If the absolute value is less than a positive number, the expressed positive value in the absolute value must be
less than the positive (4) value plus the positive (4+) value. As can be seen in Figure 20, Huriye could not see
this part in her solution. While some examples were solved during the lesson, some of the students could not see
that the absolute value is the distance from the starting point of the expression in absolute inequalities. Instead of
finding an interval where an absolute value expression is less than a positive value, students found roots by
solving them like equations. Another misconception is that they tried to find clusters without thinking that the
distance cannot be less than zero when an absolute value expression is less than negative value.
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Figure 21. Hazal's answer to the 5th question of the test
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As seen in Figure 21, after finding the absolute inequality less than 4, Hazal used the solution as he did in
solving the equation. It took the expression inside the absolute value less than 4 and found the solution interval.
As a result, she took the statement less than —4 and found a solution interval. Then she combined these two
solution intervals and found the right solution set. The second part would have found the right solution interval,
if it had done more than —4 in the process. However, the correct writing of the solution set is due to the student
taking action by memorizing. Because if he questioned the ranges he found, he would see that the solution set
would not be like the one he wrote. The solutions of some students, though to a lesser extent, are similar to those
of Hazal.

While the solution set of the absolute value inequality smaller than the negative real number in the absolute
value examination solves the desired question, some students have tried to find a solution set by considering the
definition of absolute value as the distance of a point to zero and not considering that the distance cannot be
negative. . As in seen in Figure 22, two examples reflect this situation:
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Figure 22: Some examples of answers given to the 7th question of the absolute value test

However, in the absolute value test, more than half of the class answered the question correctly which was
asked to find the solution set of the absolute inequality smaller than the negative real number.
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Figure 23. Yasemin's answer to the 7th question of the absolute value test

As seen in Yasemin’s paper, she made the correct solution in contrast to classroom observations and sample
solutions in lecture notes. She learned the necessary information from the wrong question solutions and applied
this information to the question at different times and reached the correct result. It is understood that other
students, such as Yasemin, also had meaningful learning in these question types that they previously had
difficulties.

In the 9th question, where the integers that the y variable will take depending on the x variable whose
absolute value are less than or equal to 6, some students gave the integer value to the variable x while solving the
question:
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Figure 24. Utku's answer to the 9th question of the absolute value test

As seen, while Umut solved the question, he gave 6, 4, 2 values to x and found y values in return. Since there
is a lack of information in about inequality, he tried to reach the result by giving number values. Another student
found the integer values that the x variable could take, and in return of these values, they indicated the y values
in the same number. However, Cansu reached the wrong conclusion since she did not take into account the
coefficient of the variable y (see Figure 25):
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Figure 25. Cansu's answer to the 9th question of the absolute value test

They used the solutions they did in equation solutions in inequality solutions. However, inequalities less than
the negative value of the absolute value occurring in the classroom and in the lecture notes were not solved and
the solution set was written as an empty set. The fact that the number of students who made the solution of
inequalities smaller than negative value correctly increased has shown that meaningful learning has been
realized.

As a result, in the absolute value test, it was very important for us to see the permanence of the students'
knowledge and to see the data about increasing or decreasing the difficulties in transferring the knowledge to the
different time period.

4. Discussion and Conclusion

The need to use ICTs effectively is emphasized in reform movements for mathematics education (Baki,
Giiven & Karatas, 2002). In this context, the effect of ICT on students' learning about absolute value and
absolute value inequality has been tried to be revealed through the findings obtained.

In this study, the question of what kind of learning environment the use of interactive board creates in
teaching the subject of absolute values is considered as an action research. The learning of the absolute value
issues tought in the technology-based environment and the learning in the traditional learning environment are
compared and their differences are evaluated. In this study, the subject of absolute value and absolute inequality
was carried out by the researcher as teacher using the smart board. The learning difficulties encountered during
the lessons conducted in this environment coincide with the learning difficulties observed by the researcher as
teacher in traditional learning environments and the findings of the related literature. The researcher as teacher
encountered many of these difficulties over the years and created a technology-based environment to eliminate
these learning difficulties. In the technology-based learning environment, learning difficulties were decreased
with the help of visuals and these concepts were deeply learned. In addition, by means of the touch feature of the
smart board, it was observed that the students were able to communicate with the smart board while making
sample solutions besides watching various visuals and concrete models on the smart board.

In general, the findings in this study overlap with those in the literature. In particular, this study reveals
that equations and inequalities are handled together in the textbook and curriculum, and that most students tend
to confuse equations and inequalities in their solutions and make use of their logical connections. In addition,
this study showed that students' activities of calculating absolute value expressions consist of manipulations
without mathematical meaning such as subtracting the absolute value from inside the parenthesis, changing the
sign or turning the direction of inequality.

The researcher as teacher organized the activities on the smart board for students in order to overcome the
concepts of learning difficulties previously known. It has been observed that solving many different examples in
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smart board activities has increased the desire to use the knowledge learned in new questions downloaded on the
smart board. Technology has attracted the attention of students and their motivation for the course has been high.
The information written on the blackboard in traditional environment is written by the students in their
notebooks. Once the blackboard was erased, it becomes impossible to create a discussion environment on those
examples again. The smart board activities we use to describe the definition of absolute value have become very
different from the traditional environment for students. It was observed that most of the students participating in
the study overcome such difficulties and perform conceptual learning about absolute value and absolute
inequality.

In the lessons taught using the smart board, it has been observed that some students use the absolute value
symbol like parentheses while solving the absolute value equations. In addition to this some had difficulty when
the absolute value expressions are equal to or less than the negative real number. Using different visuals and
software to solve the absolute value equations taught on the smart board, it has been shown on many examples
that an absolute value statement cannot be equal to negative values. As the lessons progressed, it was observed
that this kind of difficulties of the students decreased. Students' mistakes can be watched repeatedly on the smart
board and the students can see their mistakes. It has been observed that technology-based environment facilitates
learning by supporting the visualization of concepts of absolute value, of absolute value equation and of
inequality. In the lessons conducted in this way, the students were always eager and their motivation towards the
course was high. Conducting computer aided instruction is very important in terms of enabling visualization to
reduce learning difficulties and making the lessons interesting through the smart board activities used in the
lessons. In the literature, it was emphasized that using technology in lessons is effective in increasing success
and lessons are more interesting (Alkan & Ertem, 1998; Baki, 2002; Kutluca, 2009; Pesen, 2003; Troff &
Tirotta, 2010; Usun, 2013).

It has been observed that some students have problems when the absolute value expression is less than any
real value. With the visuals and sample solutions on the smart board, it is ensured that students make such a
difference. Recording the mistakes made in the sample solutions and being able to see them again in the
following lessons were effective in reducing learning difficulties. It was very difficult to teach the topic of
inequality in the traditional learning environment. However, the absolute value was modeled with the help of
length meaning, number lines and various visuals. Thus, the students visualized this concept in their minds. It
has been emphasized by many researchers that learning concepts by visualization is effective in reducing
learning difficulties (Baki, 2002; Bicak, 2019; Bulut & Kocoglu, 2012; Ekici, 2008; Robinson, 2004; Schut,
2007).

As smart board activities offer algebraic and graphical solutions at the same time, it makes it easier to
understand the solutions of absolute inequalities as well as allows students to see why the proposed rules work
for the solution. For example, when an algebraic expression is written on the smart board, the fact that the related
drawing appears on the number line shows students the set of points | x —3 | < 2 is 2 units away from x = 3,
and |x—3| =2is xit is easier for them to understand that the unit shows the set of next points. In an
environment equipped with technology, teaching is made student-centered and open to research activities are
offered to the student (Dede & Ketelhut, 2009). Therefore, in such approaches, the source of information is not
only teacher and textbooks. Students' access to information by using technology increases motivation for lessons.
In the related literature, it is stated that students are more willing to learn in lessons in a technology supported
environment that ensures high motivation and communication with students (Cooper & Brna, 2002).

In conclusion, this study, particularly as related to a technology-based environment for teaching absolute
value and absolute value inequalities, drew a special picture of the state of mathematics education in Turkey. The
findings presented in this study will expand teachers 'knowledge by revealing students' difficulties and
misunderstandings and the sources of these difficulties and misunderstandings. These findings will help find
ways to change students 'learning strategies and teachers' teaching strategies. It will also provide insight into
understanding students' ways of thinking and will point out some ways this information can be used to improve
teaching in technology-based environments.

In this study, it was observed that the visualization of absolute value, absolute value equations and
inequalities reduced learning difficulties. In the study, visualizations were used for concepts related to absolute
values within the scope of possibilities offered by the smart board. However, the GeoGebra program was not
used in this study. The graphics of the inequalities given in the GeoGebra program and the displaying of the
desired regions add more visualization to the concepts. Using this program by downloading it to smart boards
will make the subject more concrete. Similar studies can be conducted on the smart board by explaining the same
subject using GeoGebra and investigating the effects on learning disabilities. In addition, this study is limited by
examining learning difficulties in absolute value in the 9th grade in a technology-supported teaching-learning
environment. However, absolute value is a subject that forms the basis of many issues. From this point of view, a
similar study can be carried out, including the learning experiences of 12th grade and undergraduate students at
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the advanced mathematics level and the students' experiences during this process. One of the limitations of this
study is that it was not possible to conduct interviews through test items after the test. Student interviews would
have given this study greater insight into how students think about the notion of absolute value, logical
connectives and order relations and what views are regulating their activities.
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