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Kuvvet ve Hareket Konusuna Yénelik Lise Ogrencilerinin
Grafik Cizme Diizeylerinin incelenmesi’

BetUl Seyma YELTEKIN ATAR' ve Isil AYKUTLUZ

Ozet

Kuvvet ve hareket konusu fizik dersi konulari icerisinde en fazla
grafik iceren konulardan birisidir. Degiskenler arasindaki
iliskinin anlasilmasini saglayan grafikler fizik dersi icerisinde
énemli bir yer almaktadir. Ogrencilerin kuwvet ve hareket
konusunda bulunan cizgi grafiklerine yonelik grafik ¢izme
duzeylerini belirlemek amaciyla yapilan bu arastirmaya
Anadolu Liselerinde 6grenim goéren ve 11. sinifa devam etmekte
olan toplam 209 égrenci katilmistir. Ogrencilerin grafik cizme
duzeylerinin belirlenmesinde veri toplama araci olarak agik
uclu bes soru iceren Grafik Cizme Beceri Formu (GCBF)
kullanilmistir. Ogrencilerin cizmis oldugu grafiklerin analizinde
Tarakgi (2016)'nin calismasinda gelistirdigi puanlama rubrigine
ek kategori ve  kriterler eklenerek grafik c¢izimlerini
degerlendirme rubrigi kullaniimistir. Arastirmada elde edilen
bulgulari  destekleyebilmek icin 42(%20) ile de yar
yapilandirilmis goérisme yapilmistir. Arastirma sonucunda,
ogrencilerin kuvvet ve hareket konusu igerisinde yer alan hiz-
zaman, ivme-zaman ve konum-zaman grafiklerinin gizimlerine
yonelik zorluklarin bulundugu belirlenmistir. Arastirmada
ayrica égrencilerin grafik eksenlerini isimlendirmede, eksenlere
verilerin yazilmasinda, nokta olusturmada ve grafik egrisini
cizmede hatalarinin ve eksikliklerinin oldugu tespit edilmistir.
Arastirmada elde edilen sonucglar dogrultusunda égrencilerin
fizik konularina ydénelik grafikleri daha iyi anlasiimasi icin daha
fazla grafik kullanimi gerektiren uygulamalara yer verilmesi
onerilmektedir. Kuvvet ve hareket konusunun o&gretiminde
cismin hareketi ve grafigi ayni anda veren simulasyon veya
animasyon uygulamalarinin kullaniimasinin konuya yoénelik
grafiklerin anlasiimasinda etkili olacagina inanilmaktadir.
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Giris

Fizik dersinde yer alan bilgilerin 6grenilmesini kolaylastirmak amaciyla
gorsel araclardan biri olan grafiklerden faydalanilmaktadir (Bozkurt,
2008). Verilerin daha etkili ve anlasiimasini saglayan grafikler, fizikteki
soyut kavramlarinda daha iyi anlasiimasina katkida bulunmaktadir
(Lowrie ve Diezman, 2007; McKenzie ve Padilla, 1986). Nicel ve nitel
verilerin bir arada gosterilmesinde ve fizik egitiminde kanunlari ifade
ederken kullanilan grafikler 6gretimin vazgecilmez 6geleri arasinda yer
almaktadir (Coramik ve Ozdemir, 2021). Ogrencilerin grafik kullanma
becerisini yorumlama yetenegi, modelleme yetenegdi ve donusturme
yetenegi olarak u¢ bolumde incelenebilir. Bu becerilerden ilki olan
yorumlama yetenegi grafigi sdzel olarak ifade etme olarak
tanimlanmaktadir. Modelleme yetenegi ise godzlenen bir olaya ait
grafigi cizebilme becerisidir. Grafik kullanma becerilerinden biri olan
donusturme yetenegi ise verilen bir grafikten yola c¢ikarak baska bir
grafigin cizilebilmesidir (Kwon, 2002). Grafigi yorumlayabilmek icin
oncelikle bilginin tanimlanmasi, veriler arasindaki iliskinin bulunmasi ve
analiz edilmesi gerektigini ifade eden Charpenter ve Shah (1998), bu
durumlari verileri okuma, veriler arasi okuma ve verilerin otesinde
okuma olarak belirtmislerdir. OJretim sureci icerisinde grafiklerden
nasll bilgi cikarilacagi ve grafikte yer alan iki nokta arasindaki mesafenin
nasil yorumlanacaginin belirtiimesi, égrencilerin elestirel dusunme,
problem ¢6zme ve yaraticiligl iceren Ust duzey dusunme becerilerini
harekete gecirmektedir (Bahtaji, 2020). Bu baglamda grafik kullanma
becerilerinin temel bilimsel sUrec becerilerinden biri olarak ifade
edilebilir (Kanli ve Yagbasan, 2008; Martin, 1997; Osborne ve Ratcliffe,
2002; Rezba ve digerleri, 1995).

Bilimsel surec becerilerinden biri olan deney tasarlama duzeylerini
belirlemek amaciyla yapilan calisma sonucunda 6gretmen adaylarinin
bu suUrecte tablo olusturmakta ve grafik cizmekte guclUk yasadiklarini
tespit etmislerdir (Kaygisiz ve digerleri, 2017). Beichner (1994), yaptigi
arastirmada  ogrencilerin  kinematik grafiklerini  yorumlamada
zorlandiklarini, degiskenler arasinda iliskiden ziyade grafikleri resim gibi
gorduklerini tespit etmistir. Tairab ve Khalaf Al-Nagbi (2004), 6grenciler
hem grafik okuma-yorumlama becerilerinde hem de grafik cizme
becerilerinde yeterli bilgi ve beceriye sahip olmadiklarini ve bu beceriler
arasinda grafik cizme becerilerinin  daha kotu oldugunu ifade
etmislerdir. Benzer sekilde Glazer (2011), 6grencilerin grafikleri okuma-
yorumlama, grafikleri donusturme ve grafikleri cizmede zorlandiklarini
ve grafik okuma-yorumlama ile grafik ¢cizme arasinda iliski oldugunu
belirtmistir. Ayrica Berg ve Philips (1994), yaptiklari arastirmada
mantiksal dusunme stratejileri gelismemis égrencilerin grafik cizmede
guclukler yasadiklarini belirlemislerdir.
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Yapilan ¢calismalar incelendiginde égrencilerin grafiklerle ilgili guclukler
yasadiklari gorulmektedir (Eryllmaz-Toksoy, 2020; Kranda ve Akpinar,
2020; Lai ve digerleri, 2016, McDermott ve digerleri, 1987; Secken ve
Celik, 2021). McDermott vd. (1987) yaptigi arastirmada ogrencilerin
grafik ¢cizme ve grafik yorumlamada problemlerinin oldugunu ifade
etmislerdir. Bu problemlerin basinda grafikleri resim gibi gérme, dlcegi
yanlis okuma, grafikleri cizerken orijinden baslatma ve &grencilerin
genellikle dogrusal grafikler cizdiklerini belirlemislerdir. Alanyazin
incelendiginde 6grencilerin matematiksel becerilerinin, grafik cizmede
ve grafik yorumlamada onemli oldugunu belirten calismalarin oldugu
da gérulmektedir (BUtUner ve Uzun, 2011; Friel ve digerleri, 2001; Ozgun-
Koca, 2008; Parmar ve Signer, 2005; Woolnough, 2000). Ortadégretim
ogrencilerin  kinematik grafikleri yorumlama ve grafikleri cizme
becerileri arasindaki iliskiyi belirlemek amaciyla Demirci ve Uyanik
(2009)'In yaptiklari arastirma sonucunda, bu beceriler arasinda anlamli
bir iliski oldugunu tespit etmislerdir. Benzer olarak Murphy (1999),
ogrencilerin ivme, hiz ve konum grafiklerinde zorluk yasadiklarini
belirtmistir. Rosenquist ve Mcdermott (1987), ise 6grencilerin kinematik
grafik problemlerini ¢ézmede gucluk c¢ekmesinin nedenlerinden
birinin grafikleri yeterli duzeyde yorumlayamadiklari olarak ifade
etmislerdir. Costu (2007), égrencilerin grafik iceren sorulari anlamada
yetersiz olduklarini tespit etmistir. Lise &grencilerinin fizik dersine
yonelik kavramsal, algoritmik ve grafiksel soru ¢dzme basarilarini
incelemek amaciyla Kurnaz (2013)in yaptigr arastirma 68 lise
ogrencisinin  katilmiyla gerceklestirilmistir.  Acik uclu sorularin
kullanildigi arastirma sonucunda, 6grencilerin algoritmik ve kavramsal
sorularda grafiksel sorulara gére daha iyi olduklarini tespit etmistir. Lai
vd. (2016) ogrencilerin bircogunun grafik cizmede fen kavramlarina
yonelik zorluklar yasadigini tespit etmislerdir. Ogretmen adaylarinin
grafik okuma-yorumlama ve grafik cizme becerilerini incelemek
amaclyla Aydin ve Tarakc¢l (2018)'nin yaptigi arastirma sonucunda,
ogretmen adaylarinin grafikleri okuma-yorumlamada ve grafikleri
cizerken eksen olcekleme, noktalari birlestirme, grafigin baslangic
noktasini belirleyerek istenildigi gibi grafigi cizmede zorlandiklarini
tespit etmislerdir. Costu ve Satilmis (2020), lise 6grencilerinin hareket
konusuna yonelik kavramsal, islemsel ve grafiksel sorulardaki
basarilarini incelemek amaciyla yaptigr arastirmada kavramsal ve
islemsel sorularda &grenciler benzer basari duzeyleri gosterirken
grafiksel sorularda dusuk basari gdsterdiklerini tespit etmislerdir.
Eryllmaz-Toksoy (2020), 6grencilerin hareket turlerini aciklama, grafik
cizme ve grafik yorumlama becerilerini belirlemek amaciyla yaptigi
arastirma sonucunda bu becerilerinde anlamli farkliik oldugu tespit
edilmistir. Ancak Kranda ve Akpinar (2020), 7. sinif 6grencilerin sosyal
bilgiler dersinde yer alan grafiklerle ilgili karsilastiklari zorluklari
belirlemek amaciyla yaptigi arastirmada égrencilerin bircogunun grafik
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cizerken zorlanmadiklarint belirlemislerdir. Grafik cizerken zorluk
yasayan ogrenciler bunun nedenini ifade ederken grafik sorularini
karisik bulduklarini  ve istenilen sekilde grafigi cizemediklerini
belirtmislerdir. Bahtaji (2020), o6grencilerin fizikteki grafik kullanma
becerilerini ve kavramsal anlamalarini gelistirmek amaciyla yaptigi
arastirmada, birinci grup 6grenciye ogretim sirasinda hazir grafikler
sunulurken ikinci gruba grafikleri dogru bir sekilde olusturulmasi bilgisi
verilmis ancak ug¢uncu grup o6grencilere aktif olarak katildiklari grafik
olusturma ile ilgili etkinliklerle égretim gerceklestirilmistir. 110 lisans
ogrencisinin katilimiyla gerceklestirilen arastirmanin sonucunda grafik
iceren ogretimlerin yapildigl tum gruplarda ogrencilerin kavramsal
ogrenmelerinde gelisme saglanmis ancak aktif olarak grafik olusturma
ve clkarmada destekleyici 6gretim alan gruplarda o6grencilerin ayrica
grafik becerilerinde de gelisme oldugu tespit edilmistir. Grafik
olusturma ve cikarmada destekleyici 6gretim alan 6grenciler tarafindan
olusturulan Ust duzey grafik sayisindaki onemli artis aktif grafik
cizimlerinin &grencilerin grafik anlamalarini ve grafik becerilerini
gelistirdigini gostermektedir.

Arastirmanin Amaci ve Onemi

Teknolojinin gelismesiyle birlikte artan bilgiyi, yasamin her alaninda
olusan problemleri analiz edebilmek ve bircok veriyi kisa surede
anlasilir, yalin ve etkileyici kilabilmek icin 6gretmenler ve égrenciler
tarafindan grafikler, sematik veri tablolari gibi bircok gdrsel aracin
kullanildigl gorulmektedir (Arpagus ve digerleri, 2011). Bu nedenle
grafikleri etkili bir bicimde yorumlayarak, degiskenler arasindaki iliskiyi
analiz ederek grafigi cizebilmek yasamin her alaninda ve tum
disiplinlerde kayda deger 6neme sahiptir (Bahtaji, 2020; Bayazit, 2011).
Ogrencilerin grafikleri aktif bir sekilde kullanmasi grafikte yer alan
degiskenleri bilmesi hem gunluk yasam aktivitelerinde hem de soyut
kavramlarin anlasilmasinda  yardimci olacaginin belirtildigi
goérulmektedir (Bahtaji, 2020).

Alan yazin incelendiginde o&grencilerin fizik dersine ydnelik grafik
okuma-yorumlama ve grafik cizmede yeterince basarili olmadiklari
gorulmektedir (Aydin ve Tarakgl, 2018; Eryilmaz-Toksoy, 2020). Ozellikle
ulusal alan yazinda kuvvet ve hareket konusuna yonelik 6grencilerin
grafik cizme becerilerinin incelendigi az sayida arastirmanin
bulundugu gérulmektedir (Aydin ve Tarakgl, 2018; Demirci ve Uyanik,
2009; Eryillmaz-Toksoy, 2020). Bu arastirmalardan sadece Eryllmaz-
Toksoy (2020)'un calismasinin 11. sinif 6grencileri ile gerceklestirdigi ve
calismasinda ogrencilerin hareket turlerini tanimlamalari ve ornek
vermelerinin yani sira hiz-zaman, ivme-zaman ve konum-zaman
grafiklerini okuma c¢izme ve yorumlama uzerine oldugu gdrulmektedir.
En fazla grafik kullanimi gerektiren konular arasinda yer alan kuvvet ve
hareket konusunda lise 6grencilerinin grafik cizimlerinin incelendigi bu
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arastirmada ogrencilerin grafik cizimleri grafigi olusturan eksenleri
degiskenlere goére etiketleme, grafik eksenlerine verilerin yazilmasi,
grafik eksenlerinde nokta olusturma ve grafik egrisinin cgizilmesi
kategorilerine gore ayrintili incelenmesi yapiimistir. Grafik ¢izimlerinin
bu sekilde ayrintili olarak incelenmesi, dogru grafik ¢cizimine yonelik
ogrencilerin eksikliklerini ve hatalarinin acik bir sekilde belirlenmesini
sagladigi dusunulmektedir. Arastirmada elde edilen sonuclarin grafigin
olusturulmasinda &grencilerin  karsilastiklari  zorluklarin  ortaya
konulmasi ve kuvvet ve hareket konusuna yénelik grafiklerin 6grenciler
tarafindan anlasilmasi bakimindan alan egitimcilere dnemli bilgiler
verecegine inanilmaktadir. Tum bu noktalar dogrultusunda bu
calismanin amaci, 11. sinif 6grencilerinin kuvvet ve hareket konusuna
yoénelik grafik cizme duzeylerinin incelenmesidir.

Arastirma Problemi

Lise ogrencilerinin kuvvet ve hareket konusuna yonelik grafik
cizimlerinin incelendigi bu arastirma kapsaminda asagida yer alan
arastirma sorusuna yanit aranmistir:

Ogrencilerin kuvvet ve hareket konusunda bulunan hiz-zaman, ivme-
zaman ve konum-zaman c¢izgi grafiklerini cizme duzeyleri nasill
degismektedir?

Yontem

Arastirma tarama modeli kullanilarak gerceklestirilmistir. Mevcut
sartlari taniyarak ge¢miste ya da o anda var olan bir durumu, oldugu
bicimde betimleyen ve tanimlamayi amaclayan bir arastirma yaklasimi
olan tarama modeli, arastirmaya konu olan ve var olani, herhangi bir
sekilde degistirmeden veya etkilemeden tanimlamak ve
gozleyebilmektir (Karasar, 2002). Bu arastirma Hacettepe Universitesi
Etik Komisyonunun 04.09.2018 tarihli toplanti sayisi ve 35853172-300
sayili karari ile Etik Kurul onayi alinarak yapilmistir. Ayrica Ankara il Milli
Egitimm Muduarlugunun 14588481-605.99-E.19187471 sayill 12.10.2018
tarinli yazisi ile anket ve arastirma yapma izinleri alinarak
tamamlanmistir.

Katilimcilar

Arastirmanin katilimcilarini, 11. sinifa devam etmekte olan 209 Anadolu
Lisesi 6grencisi olusturmaktadir. Arastirmaya katilacak okullar Anadolu
Liseleri icerisinden rastgele secilmistir. Ogrencilerin seciminde ise
seckisiz olmayan amacl ornekleme yontemlerinden, dlcut érnekleme
kullanilmistir.  Olcut  odrnekleme yéntemindeki anlayls 6nceden
belirlenmis bir dizi 6lcutu karsilayan durumlari calismaktir (Yildirnrm ve
Simsek, 2011). Arastirmada kuvvet ve hareket konusunun &égretiminin
gerceklesmis olmasi temel olcut olarak alinmistir. Gonulluluk esasina
dayall olarak gerceklesen arastirmada, uygulama &ncesi égrencilere
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cocuk/ergen bilgilendirme formu verilmistir. Ayrica 6grencilerin veli
onay formu kullanilarak ailelerinden izin alinmistir.

Veri Toplama Araglari
Grafik Cizme Beceri Formu

Ogrencilerin grafik cizme duzeylerini incelemek amacuyla, fizik
ogretmeni ve fizik egitimi alan uzmani olan arastirmacilar tarafindan
gelistirilen kuvvet ve hareket konusuna yodnelik bes adet acik uclu
sorudan olusan GCBF kullaniimistir. Hazirlanan sorularin ogretim
programinin kazanimlarina ve &ogrenci duzeyine uygunlugu goz
onunde bulundurulmus ve fizik ve fizik egitimi alaninda uzmanlarin
gorusleri dogrultusunda hazirlanmistir. GCBF'nun icinde yer alan
sorulardan ilk dort tanesinde o6grencilerden hiz-zaman, ivme-zaman,
kuvvet-zaman grafiklerini kullanarak hiz-zaman, ivme-zaman ve
konum-zaman grafiklerini cizimleri istenmistir. ikinci soruda ayrica
ogrencilere hiz-zaman grafigi verilerek grafik ile ilgili hareket turu ve
hareket yonu bilgisi sorulmus, ardindan ivme-zaman grafigi cizmeleri
istenmistir. Besinci soruda ise &grencilerden hiz ve zaman
degiskenlerine ydnelik verilen veri setini kullanarak grafik cizimlerini
yapmalari istenmistir (EK-A). GCBF'na yonelik yapilan pilot ¢alisma,
uygulamanin yapildigl okullardan secilen ayni seviyedeki 50 Anadolu
Lisesi 6grencisinin katilimiyla gerceklestirilmistir. Pilot calismaya katilan
ogrenciler gercek uygulamaya katilmamistir. Pilot calisma sonucunda
GCBF'nun ogrencilerin kuvvet ve hareket konusuna ydnelik grafik
cizme duzeylerini belirlemede kullanilabilecegine karar verilmistir.

Uygulamanin Yapilmasi

Kuvvet ve hareket konusunun ogretiminin tamamlandigi siniflarda
goéonullt  &grencilerin katilimiyla  gerceklestirilen  arastirmada,
ogrencilere bir ders saati verilerek GCBF'nda yer alan sorulari
yanitlamalari istenmistir. Daha sonra yine gdnulluluk esasina dayali
olarak d6grencilerle yari yapilandirilmis gorusmeler gerceklestirilmistir.

Veri Analizi

Ogrencilerin grafik cizme duUzeylerinin belirlenmesinde Tarakgl
(2016)'nin calismasinda gelistirdigi rubrikten yararlaniimistir. Arastirma
kapsaminda yeniden duzenlenen rubrige ek kategori ve Kkriterler
eklenmistir. Gelistirilen rubrige yonelik fizik egitimi alaninda uzman g
dgretim Uyesinin goérusleri alinmistir. OJrencilerin grafik cizimlerinin
analizinde kullanilacak rubrik uzmanlardan gelen éneri ve duzeltmeler
yapilarak kullaniimistir. Grafik cizimlerini degerlendirmede kullanilan
rubrik Tablo 1T de verilmistir. Bu calismada amacg ogrencilerin grafik
cizme duzeylerini belirlemek oldugundan, kategorilerin dogruluk
derecesine yoénelik rubrigin iceriginde yer alan puanlama kismi
kullanilmamistir. Ogrencilerden gelen yanitlar dodruluk derecelerine
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ilgili kategorilere yonelik frekans degerleri

Grafik Cizimlerini Degerlendirme Rubrigi

Dederlendirme

Kriterleri Kategoriler
Dogru : Her iki ekseninde dogru olarak isimlendirilmesi
ve eksenleri temsil eden fiziksel niceliklerin birimlerinin
Eksenlerin yanina parantez icinde yazilmasi.
Degiskenlere Kismen Dogru: Eksenlerden yalnizca birinin dogru
Gore isimlendirilip, digerinin yanlis isimlendirilmesi veya

[simlendirilmesi

eksenlere yazilmis olan fiziksel niceliklerin birimlerinin
hic yazilmmamasi, eksik ya da yanlis yazilmasi.

Yanlis: Eksenlerin her ikisinin de yanlis isimlendirilmesi
ya da her iki ekseninde isimlendirilmemesi.

Bos: Sorunun bos birakilmasi, ¢izilmis bir grafigin
bulunmamasi.

Dogru : Her iki eksende de verilerin dodru olarak
yazilmasi.

Grafik Kismen Dogru: Eksenlerden yalnizca bir veri grubunun
Eksenlerine dogru yazilmasi digerlerinin yanlis veri olarak girilmesi.
Verilerin Yanlis: Eksenlerin her ikisinde de verilerin yanlis
Yazilmasi yazilmasl ya da yazilmamasi.
Bos: Sorunun bos birakilmasi, ¢izilmis bir grafigin
bulunmamasi.
Dogru: 'y" eksenindeki veriler ile X" eksenindeki veriler
dogru kesistirilmis ve nokta olusturulmasi.
Grafik Kismen Dogru: Eksenlerden yalnizca birinin verilerini

Eksenlerinde
Nokta
Olusturma

dogru kesistirip, digerinin yanlis kesistirmesi.

Yanlis: Her iki eksende de verilerin yanlis kesistirilmesi.
Bos: Sorunun bos birakilmasi, ¢izilmis bir grafigin
bulunmamasi.

Grafik Egrisinin
Cizilmesi

Dogu: Grafik egrisinin tamaminin soruya uygun bi¢cimde
cizilmesi.

Dogruya Yakin: Grafik egrisinin 4 zaman aralikli kisminin
en az 3 zaman araliginin, 3 zaman aralikli kisminin en az
2 zaman araliginin soruya uygun bicimde cizilmesi.
Kismen Dogru: Grafik egrisinin 4 zaman aralikli kisminin
en az 2 zaman araldginin, 3 zaman aralikli kisminin en az 1
zaman araliginin soruya uygun bicimde c¢izilmesi.

Yanlis: Grafik egrinin tamaminin istenilene uygun
olmamasi

Bos: Sorunun bos birakilmasi, cizilmis bir grafigin
bulunmamasi.

Verilerin analizinde ilk olarak, 6grencilerden gelen yanitlar soru bazinda
birinci sorunun yanitlari, ikinci sorununun yanitlari sekilde toplanarak
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siniflandirilmistir. Ogrencilerin birinci soruya verdikleri yanitlarin analizi
sonrasinda soru siralamasina uygun olarak diger sorularin analizine
gecilmistir. OJrencilerin sorulara yoénelik cizmis olduklari grafikler,
eksenleri degiskenlere gore isimlendirme, grafik eksenlerine verilerin
yazilmasi, grafik eksenlerinde nokta olusturma ve grafik egrisinin
cizilmesi kategorilerine gore incelenerek grafik cizme duzeyleri
belirlenmeye calisiimistir. Degerlendirme kriterlerine icerisinde tum
sorulara verilen yanitlar, dogru, dogruya yakin, kismmen dogru, yanlis ve
bos kategorilerine uygun sekilde analiz edilerek frekans degerleri
bulunmustur.

Arastirmada ayrica veri toplama araci ile elde edilen bulgulari
desteklemek amaciyla grafik ¢cizmede farkl basari duzeyleri gosteren
ogrencilerin 42(%20)'si ile gonulluluk esasina dayali olarak yari
yapilandiriimis bire bir goérusmeler gerceklestirilmistir (EK-B).
Ogrencilerle gerceklestirilen gdéridsmelerinin  temelini, éJrencilerin
grafik okuma-yorumlama ve cizme ile ilgili sorular olusturmaktadir. Bu
calismada elde edilen bulgulari desteklemek amaciyla égrencilerin
grafik cizimi ile ilgili 8grenci goruUslerine yer verilmistir.

Bulgular

Arastirma sonucunda ogrencilerin buyuk bir bolumunun kuvvet ve
hareket konusuna yoénelik grafik cizimlerinde zorluklar yasadiklari
belirlenmistir. Ogrencilerin grafik cizimleri incelendiginde eksenleri
isimlendirmede, verileri grafik Uzerine yerlestirmede, grafik
eksenlerinde nokta olusturmada ve grafik egrisini cizmede hatalarinin
ve eksikliklerinin  bulundugu tespit edilmistir. Grafik cizimleri
degerlendirme rubrigi (Bkz. Tablo 1) kullanilarak analiz edilen 6grenci
grafiklerine yonelik bulgular Tablo 2'de verilmistir.

Tablo 2
Degerlendirme Rubrigine Dayali Ogrencilerin Grafik Cizime Duzeylerinin
Dagilimi

Sorul Soru 2 Soru3 Soru 4a Soru 4b Soru 4c Sorub

Degerlendirme

Kriterleri Kategoriler f f f f f f f
) Dogru 4 5 5 3 2 1 5
Eksenlerin K
Degiskenlere D'gg"ri” n3 9 123 79 77 64 127
Gore
isimlendirilmesi Yanlis 58 53 43 35 23 33 33
Bos 34 60 38 92 107 M 44
Grafik Dogru 3] 52 9 62 3 0 107
rarti
Eksenlerine g‘;’g‘ri” M2 78 146 37 84 74 50
Verilerin
Yazilmasi Yanlis 26 14 11 6 9 17 6
Bos 40 65 43 104 113 18 46
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, Dogru 37 6l 7 86 62 36 19
Grafik K
Eksenlerinde D'Sf“e” 18 50 49 5 6 13 17
Nokta ogru
Olusturma Yanlis m o 33 10 13 28 41 25
Bos 43 65 43 105 3 19 48
Dogru 30 63 12 87 68 4b 124
Dogruya 6 37 7 5 3 9 12
. . . .. Yakin
Grafik Egrisinin K
Gizilmesi 'smen 35 22 121 5 19 14 2
Dogru
Yanlis 9% 22 25 8 7 24 23
Bos 44 65 44 104 2 18 48

Tablo 2 incelendiginde eksenlerin degiskenlere gdre isimlendirilmesi
kriterini tum sorularda égrencilerin cok azinin tam olarak dogru yaptigi
tespit edilmistir. Grafik eksenlerine verilerin yazilmasi kriterine yonelik
bulgular incelendiginde, besinci soru haricinde Uguncu (f=9) ve birinci
soruda (f=31) az sayida 6grencinin tam dogdru yaptigl, hatta dérdlUncu
sorunun ¢ sikkini tam dogru yapan ogrencinin  bulunmadigi
belirlenmistir. Grafik eksenlerinde nokta olusturma ve grafik egrisinin
cizilmesi degerlendirme kriterine yonelik bulgular incelendiginde
sadece besinci soruya yonelik 6grencilerin cogunlugunun (f=119 ve
f=124) dogru yaptiklari gorulmektedir. GCBF'nda yer alan sorular
icerisinde besinci soru haricindeki diger sorularda &grencilerden,
verilen grafikten baska bir grafigi cizerek dénusturmeleri istenmistir. Bu
dogrultuda ogrencilerin bir cogunlugunun hiz-zaman, ivme-zaman ve
kuvvet-zaman grafiklerini kullanarak konum-zaman, hiz-zaman ve
ivmne-zaman grafiklerini cizmede zorluklar yasadigi belirlenmistir.
Besinci soruda ise égrencilerden hizin zamanla degisimini gosteren
veriler verilerek ivme-zaman grafiginin cizilmesi istenmistir. Elde edilen
bulgular sonucunda &grencilerin buyuk bir cogunlugunun (f=124)
sadece besinci soruyu dogru yanitladigi gérulmektedir.

Arastirmada ogrencilerden birinci soruda, hiz-zaman grafigi verilen
hareketlinin  konum-zaman grafiginin cizilmesi istenmistir. Birinci
soruda yer alan hiz-zaman grafigi ve égrencilerden beklenen dogru
konum-zaman grafigi Tablo 3'te verilmistir.
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Tablo 3
Birinci Soruda Verilen Grafik ve Sorunun Dogru Grafik Cizimi
GCBF'da yer alan 1. soru. Birinci soru icin beklenen dogru grafik.
X(m)
V{m/s) 60

20

/ \ w0
| | )
. |

/ 2 ’ ' ’ 2 LI ts)
»

Birinci soruya yonelik elde edilen bulgular incelendiginde, 6grencilerin
hiz-zaman grafiklerini konum-zaman grafiklerine donusturmede bazi
eksikliklerinin ve hatalarinin bulundudu gérulmustur. OJrencilerin
cizmis olduklari konum-zaman grafiklerinde eksenleri
isimlendiremedikleri, grafik Gzerinde yanlis ve eksik veriler yazdiklari ve
grafik eksenlerinde nokta olusturamayip grafigi istenildigi gibi
cizemedikleri belirlenmistir (Bkz. Tablo 2). Arastirmaya katilan
ogrencilerden higbirinin birinci soruyu tam olarak dogru yapamadigi
tespit edilmistir. Birinci soruya yoénelik ogrencilerin cizmis olduklari
grafiklerden bazilari Tablo 4'te yer almaktadir.

Tablo 4

Ogrencilerin Birinci Soruya Yénelik Cizmis Olduklari Grafik Ornekleri
O36'nin cizmisoldugu  O71'in ¢izmis oldugu O64'Un ¢cizmis oldugu
grafik grafik grafik

=]

036 numarall 6grencinin grafik cizimi incelendiginde, grafik eksenlerini
yanlisisimlendirdigi, grafik verilerini eksenlere dogru yazilmadigi, grafik
Uzerinde yanlis nokta olusturuldugunun ve grafik egrisinin yanlis
cizildigi tespit edilmistir. O71 numarali 6grencinin ise grafik eksenlerini
dogru isimlendirdigi ancak grafik Uzerinde verileri dogru yazamadigi
goérulmustar. Ayrica ayni 6grencinin grafik eksenlerinde yanlis nokta
olusturdugu ve grafik egrisinin cizimini ise kismen dogru yaptigi
belirlenmistir. Birinci soru icin O64 numarali 6grencinin ¢izdigi konum-
zaman grafiginde, grafik verilerinin eksenlere dogru yazildigi ancak
grafik eksenlerini isimlendirmede eksikliklerinin bulundugu tespit
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edilmistir. Yine ayni o6grenci grafik eksenlerinde nokta olusturmayi
dogru yapmasina ragmen grafik egrisini yanlis cizdigi belirlenmistir.

GCBF'ndayeralan ikinci soruda égrencilere t=0 ve x0=0 olan ve dogrusal
bir yolda hareket eden aracin hiz-zaman grafigi verilmistir. Sorunun (a)
sikkinda 6grencilerden aracin hareket turu ve hareket yon bilgisini ifade
etmeleriistenmistir. (b) sikkinda ise 6grencilerinden aracin ivme-zaman
grafigini cizmeleri istenmistir. Arastirma sonucunda égrencilerin blUyuk
bircogunun soruda verilen grafigin hareket turunu ve yonunu dogru
bilmelerine karsilik, cizmeleri gereken ivme-zaman grafigini ayni
derecede dogru cizimler yaparak cizemedikleri tespit edilmistir.
Arastirmaya katilan o6grencilerden sadece birinin ikinci sorunun a
sikkini tam olarak dogru yaptigi belirlenmistir. ikinci soru ve sorunun
dogru grafik ¢izimi Tablo 5'te ve égrencilerin cizmis olduklari grafikler
Tablo 7'de verilmistir.

Tablo 5
Ikinci Soruda Verilen Grafik ve Sorunun Dogru Grafik Cizimi
GCBF'da yer alan 2. soru. Ikinci soru icin beklenen dogru grafik.
Vol a (m/s?)
o St
0 gl z 2 E_E )
] I— —

Ikinci sorunun a sikkina yénelik bulgular incelendiginde, arastirmaya
katilan 6grencilerin cogunun hareket yénu ve turunu 0-2s araliginda
pozitif ydonde dluzgun hizlanan, 2-4s araliginda pozitif yonde sabit hizla
hareket, 4-6s araliginda pozitif ydonde duzgun yavaslayan ve 6-8s
araliginda negatif ydonde duzgun hizlanan hareket seklinde belirterek
dogru yanitladiklari géralmustar.

Tablo 6
Ikinci Sorunun (a) Sikkina Ait Ogrencilerin Hareket Turl ve Hareket Yén Bilgisi
Cevaplari
Zaman Araligi 0-2 2-4 4-6 6-8

D Y B D Y B D Y B D Y B
HareketTUra 155 8 46 150 12 47 149 13 47 120 41 48
Hareket Yonu 171 3 35 165 4 40 138 36 35 169 4 36
D: Dogru yanit, Y: Yanlis yanit, B: Bos

Tablo 6 incelendiginde grafigin 0-2 zaman araliginda duzgun hizlanan
hareket yapmakta olan aracin, arastirmaya katilan bazi égrenciler
tarafindan (f=8) sabit hizli hareket olarak ifade ettikleri tespit edilmistir.
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Grafigin 2-4 zaman araliginda sabit hizli hareket eden ara¢ bazi
ogrenciler tarafindan (f=12) duruyor olarak belirtildigi gorulmustuar.
Arastirmaya katillan bazi &grencilerin (f=36), aracin 4-6s zaman
araliginda hareket yénunu negatif yon olarak ifade ettikleri tespit
edilmistir. Grafigin 6-8 zaman araliginda grafigin altinda kalan kismi
yani negatif bodlgedeki cizgi grafigi égrenciler tarafindan (f=41)
yavaslayan hareket olarak belirtildigi gorulmustur. Arastirmaya katilan
ogrenci sayisi tum zaman araliklari dikkate alinarak incelendiginde
ortalama 47 ogrencinin hareket turunu, 36 6grencinin de hareket
yénunu belirtmeyerek bos biraktigr gérdlmastar. ikinci sorunun b
sikkina yonelik égrencilerin cizmis oldugu grafiklerden &érnekler Tablo
7'de gosterilmistir.

Tablo 7

Ogrencilerin Ikinci Soruya Yénelik Cizmis Olduklari Grafik Ornekleri

O34'nin cizmis oldugu O7Vin c¢izmis oldugu O122'in cizmis oldugu
grafik grafik grafik

Clrml'.EZ)

Ogrencilerden O34'Un, eksenlere birimleri yazamadidl, veri girisi, nokta
olusturma ve grafik egrisini cizemedigdi belirlenmistir. O71 numarali
ogrencinin ivme-zaman grafigine ydnelik grafik cizimi incelendiginde,
grafik eksenlerini dogru isimlendirdigi ancak verileri dogru yazamadigi
belirlenmistir. Ayrica égrencinin cizmis oldugu grafikte eksenlerde
yanlis nokta olusturdugu ve grafik egrisini yanlis cizdigi tespit edilmistir.
Tablo 7'de yer alan O122 numarali éJrenciye ait grafik cizimi
incelendiginde, 6grencinin veri girisini ve nokta olusturmayi dogru bir
sekilde yaptigi ve grafik egrisini dogru cizdigi belirlenmistir. Ancak ayni
ogrencinin grafik eksenlerine birimleri yazmadigi tespit edilmistir.
UclncU soruda 6grencilerden ivme-zaman grafigi verilen bir aracin hiz-
zaman grafiginin  cizilmesi istenmistir. UcUncU soruya yonelik
ogrencilere verilen grafik ve sorunun dogru grafik cizimi Tablo 8'de ve
ogrencilerin cizmis olduklari grafik érnekleri Tablo 9'da belirtilmistir.
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Tablo 8
Ucuncu Soruda Verilen Grafik ve Sorunun Dogru Grafik Cizimi
GCBF'da yer alan 3. soru. Uclnclu soru icin beklenen dogru

grafik.

; V(m/s)
lvme 4

51 2 3 Zaman

0 : X i)

UclncU soruya yonelik bulgular incelendiginde, égrencilerin ivme-
zaman grafiklerini kullanarak hiz-zaman grafiklerini cizmede sorunlar
yasadiklari gdérulmektedir. Arastirmaya katilan 6grencilerden hicbirinin
ucuncu soruyu tam olarak dogru yanitlayamadigi tespit edilmistir.
Tablo 2 incelendiginde ogrencilerin grafik egrisini ¢cizme kriterine
bakildiginda %57'sinin (f=121) sadece tek bir zaman aralgi icin grafik
egrisini dogru cizebildigi belirlenmistir.

O79 numarall dJrencinin  Tablo 9da yer alan grafik cizimi
incelendiginde, eksenleri isimlendiremedigi, dusey eksendeki bir veriyi
yanlis yazdigi belirlenmistir. Ancak ayni 6grencinin grafik ciziminde
dogru nokta olusturdugu ve grafik egrisini dogruya yakin c¢izdigi tespit
edilmistir.

Tablo 9 ) )

Ogrencilerin U¢cuncu Soruya Yonelik Cizmis Olduklari Grafik Ornekleri
O79'un cizmis oldugu O119'un cizmis oldugu O37'nin ¢izmis oldugu
grafik grafik grafik

?

\J-lr‘r.ls\} L9fmf§]

P

l/N | 1 -}ttﬁ}

O19 numarali 6grencinin grafik ciziminde eksenlere verileri yazarken
dusey eksende hata yaptigi, verileri yanlis girdigi ve yanlis nokta
olusturdugu belirlenmistir. Ancak &grencinin grafik egrisini kismen
dogru cizdigi tespit edilmistir. O37 numarali 6grencinin grafik cizimi
incelendiginde, eksenleri dogru isimlendirerek birimleri de yazdigi
belirlenmistir. Dogru veri girisi yapan ayni ogrencinin, grafik
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eksenlerinde yanlis nokta olusturarak grafik egrisini yanlis c¢izdigi
gorulmustur (Bkz. Tablo 9).

Dorduncu soruda ogrencilere 3 kg kutleli cisme ait kuvvet-zaman
grafigi verilmis ve &grencilerden cismin ivme-zaman, hiz-zaman ve
konum-zaman grafiklerinin cizilmesi istenmistir. Soruya ait cizilen her
bir grafik icin sonuclar ayri ayri degerlendirilmistir. DordUncu sorunun a
sikkina yonelik elde edilen bulgular incelendiginde arastirmaya katilan
ogrencilerden sadece iki ogrencinin soruyu tam olarak dogru
yanitladigr tespit edilmistir. DérdUncu soruda verilen grafik ve
ogrencilerden beklenen dogru grafik ¢cizimi Tablo 10'da belirtilmistir.

Tablo 10
Dordluncu Soruda Verilen Grafik ve Sorunun Dogru Grafik Cizimleri
GCBF'da yer 4. sorunun a 4. sorunun b 4. sorunun c sikki
alan 4. soru. sikkiicin sikkl icin icin beklenen
beklenen beklenen dogru grafik.
dogru grafik. dogru grafik.
o - v (m/s) X tom)
s o — eyl

Elde edilen sonuclar dogrultusunda ogrencilerin  kuvvet-zaman
grafiginde yer alan verileri kullanarak ivme-zaman, hiz-zaman ve
konum-zaman grafiklerini tam olarak dogru cizmede sorunlar
yasadiklari belirlenmistir. Dérduncu sorunun a sikkina yonelik bulgular
incelendiginde  ogrencilerin  ¢cogunun  soruyu bos birakarak
yanitlamadigi goérulmustur (Bkz. Tablo 2).

Ogrencilerin cizmis olduklari grafikler incelendiginde, O8 numarali
ogrencinin eksenleri isimlendirme ve zaman eksenine yodnelik veri
girisini kismen dogru yaptigr belirlenmistir. Ancak ayni égrencinin
grafik eksenlerinde nokta olusturmada hata ve grafik egrisini yanlis
cizdigi tespit edilmistir (Bkz. Tablo 11). O12 numarali 6grencinin veri
girisini kismen dogru yaparken, 6grencinin grafik eksenlerini yanlis
isimlendirdigi ve nokta olusturmayi yanlis yaparak grafik egrisini yanlis
cizdigi tespit edilmistir (Bkz. Tablo 11).
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Tablo T
Ogrencilerin Dérddnct Sorunun (a) Sikkina Yénelik Cizmis Olduklari Grafik
Ornekleri

O8'in  cizmis oldugu O12' nin cizmis oldugu O124'Un cizmis oldudu
grafik grafik grafik

o TQ? :

\L?-1 i

O124 numaral 6grencinin veri girisini kismen dodru yaptidi tespit
edilmistir. Ancak 6grencinin grafik eksenlerini isimlendirmedigi ve
grafik egrisini dogru cizmedigi belirlenmistir (Bkz. Tablo 11).

Dorduncu sorunun (b) sikkina yonelik 6grencilerin cizdikleri bazi hatal
grafik cizimleri Tablo 12'de verilmistir. Arastirmaya katilan 6grencilerden
O123 numarali 6grencinin grafik cizimi incelendiginde, eksenleri
isimlendirmede birimleri yazmadigi gorulmustuar. Ayrica 6grencinin
grafik egrisinin ciziminde ve veri girisinde hatalarinin bulundugu
gorulmektedir. O60 numarall dgrencinin cizmis oldugu hiz-zaman
grafigiincelendiginde, dusey eksende yanlis veriler girdigi ve eksenlerin
isimlerini belirtmedigi tespit edilmistir. Yine ayni o6grencinin grafik
ciziminde nokta olusturmayi kismen dogru yaptigi ve grafik egrisini de
dogruya yakin cizdigi gorulmuastuar.

Tablo 12
Ogrencilerin Dérddnct Sorunun (b) Sikkina Yénelik Cizmis Olduklari Grafik
Ornekleri
O123'Un c¢izmis oldugu O60'In cizmis oldugu O64'Un cizmis oldudu
grafik

N2

O64 numarall égrencinin ise, grafik ciziminde veri girisini ve nokta
olusturmay! kismen dogru yaptigi belirlenmistir. Grafik egrisini dogru
cizen 6grencinin grafik eksenlerini isimlendirmedigi gorulmustur. Elde
edilen bulgular incelendiginde arastirmaya katilan ogrencilerden
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hicbirinin dérduncu sorunun b ve c¢ siklarini tam olarak dogru
yapamadigi tespit edilmistir.

Dorduncu sorunun (c) sikkina yénelik 6grencilerin hatali grafik cizimleri
Tablo 13'te verilmistir. Tablo 13 incelendiginde, O64 numarali dgrencinin
grafik ciziminde, bir &nceki grafikteki gibi grafik eksenlerini
isimlendirmedigi ve grafik Uzerinde verileri sadece zaman ekseninde
dogru yazdigi goérulmustur. Ayrica o6grencinin grafik ciziminde yanlis
nokta olusturdugu ve dogru grafik egrisi cizemedigi belirlenmistir.

Tablo 13
Ogrencilerin Dérdidncl Sorunun (c) Sikkina Yénelik Cizmis Olduklari Grafik
Ornekleri
064'Un cizmis oldugu O120'nin ¢izmis oldugu O70'in  ¢izmis oldudu
grafik grafik grafik
~ X?
C
2

O120 numarall dgrencinin, grafik eksenlerini isimlendirmede ve veri
girisinde bazi eksiklikler ve hatalarin bulundugu tespit edilmistir. Grafik
eksenlerinde yanlis nokta olusturan 6grencinin grafik egrisini tamamen
yanlis cizdigi tespit edilmistir. Arastirmaya katilan 6grencilerden O70'in
grafik  cizimi incelendiginde, &grencinin grafik eksenlerinde
isimlendirme, veri girisi ve grafik eksenlerinde nokta olusturmayi
kismen dogru yaptigi tespit edilmistir. Ayrica 6grencinin konum-zaman
grafigine yénelik grafik egrisini dogruya yakin cizdigi belirlenmistir (Bkz.
Tablo 13).

GCBF'nda yer alan besinci soruda o&grencilere hiz-zaman
degiskenlerine yonelik verilerinin  yer aldigi cizelge verilmistir.
Arastirmaya katilan égrencilerden bu cizelgeden yararlanarak, dogru
boyunca hareket eden aracin ivme-zaman grafigini cizmeleri
istenmistir. Elde edilen bulgular sonucunda arastirmaya katilan
ogrencilerin %59'u (f=124), grafik egrisinin cizilmesi kriterini dogru
yanitlamalarina ragmen besinci soruyu tam dogru yapan dort
ogrencinin bulundugu belirlenmistir (Bkz. Tablo 2). Besinci soruda
verilen veri seti ve sorunun dogru grafik cizimi Tablo 14'te belirtilmistir.
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Tablo 14
Besinci Soruda Verilen Veri Seti ve Sorunun Dogru Grafik Cizimi
GCBF'da yer alan 5.soru. Besinci soru icin beklenen dogru
grafik.
a (mJ/s?)
Zaman O |1 2 |3 4 1
t(s)
Hiz 0|2 |4 |6 8 2
V(m/s) o — J>t(s)

Besinci soruya yonelik dgrenci cizimleri incelendiginde, O38 numaral
ogrencinin eksenleri isimlendirme ve veri girisinde hatalarinin ve
eksikliklerinin bulundugu tespit edilmistir. Ayrica &grencinin grafik
egrisini yanlis ¢cizdigi de gérulmustur (Bkz. Tablo 15). Grafik eksenlerinde
yanlis nokta olusturan 036 numarall &drencinin, eksenleri
isimlendirmedigi, veri girisini ve grafik egrisinin cizimini hatali yaptigi
goérulmektedir. O121 numarali 6grenci, grafik egrisinin ¢izimini dogruya
yakin yaptigi tespit edilmistir. Eksenleri isimlendirmeyen ayni
ogrencinin nokta olusturma ve veri girisini kismen dogru yaptigi tespit
edilmistir.

Tablo 15 .

Ogrencilerin Besinci Soruya Yonelik Cizmis Olduklari Grafik Ornekleri

038'Un cizmis oldugu O36'nin cizmis oldugu O121in  ¢izmis oldugu
grafik grafik grafik

GCBF yer alan sorulara verilen yanitlara goére farkh basari duzeyleri
gosteren ogrencilerle yapilan gorusmelerde, &grencilerin  grafik
ciziminde, veri girisi, nokta olusturma ve grafik egrisinin ¢iziminde
sorunlar yasadiklarini ifade ettikleri goérUlmustdr. Ornedin grafik
egrisinin ciziminde KO120 numarali 6grenci yasadidi zorlugu “Mesela
ivme sabitse hizin nasil olacagini dogru mu olacagini yoksa hizlanan
mi bunlarda zorlaniyyorum karar vermekte.” seklinde belirttigi
gorulmustar. Ayni 6grencinin bu konuda yasadigi zorlugu goérusmede
“Sadece nokta olusturmakta yani zorlaniyorum parabol md, hizlanan
mi ¢izecegim diye” cumlesiyle bir kez daha tekrar ifade ettigi tespit
edilmistir. Benzer sekilde KO123 numarali 6grencide grafik ciziminde
yasadigi sorunu “Konum-zaman grafigi ¢cizerken parabolik oldugunda
zorlaniyorum.” seklinde belirttigi belirlenmistir. Gérusmede grafik
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ciziminde veri girisine ydénelik yasanilan zorlugu KO122 numarall
ogrencinin “Veri girisinde sikinti yasiyorum formdulden hesaplama
yaparken.” cumlesiyle ifade ettigi gorulmustuar.

Yapilan gorusmelerde &grencilerin grafik cizmenin grafik okuma-
yorumlamaya goére daha zor oldugunu belirttikleri tespit edilmistir.
Grafik ¢cizmenin grafik okuma-yorumlamaya gore daha zor oldugunu
KO36 numarall 6grencinin yapilan gérusmede “Aslinda ikisinde de
zorlandigimi dusuntyorum ama grafik cizmek daha zor.” seklinde
ifade ettigi belirlenmistir. OJrenciler ayrica dogru grafik cizimi
yapabilmek icin grafik okuma-yorumlama ve fizik konu/alan bilgisinin
yani sira matematik ve geometri derslerinin de iyi olmasi gerektigini
belirtmislerdir. Ayrica ayni &grenci grafik ciziminde basarili
olunabilmesiicin matematik ve geometri de basarili olunmasi gerektigi
fikrini “Matematik ve geometride daha basarili olursam burada da
daha iyi olacagimi dusuntyorum.” cumlesiyle soyledigi gorulmustur.
Grafik cizmenin grafik okuma-yorumlamaya gére daha zor oldugunu
dustnen EO60 numarali 6grenci, grafik cizebilmek icin grafik okuma
becerisinin daha iyi olmasi gerektigini gérusmede “Grafigi ¢cizebilmek
icin grafik okuma yetisinin daha iyi olmasi gerektigini dusunuyorum.”
seklinde ifade etmistir. KO9 numarali égrenci ise “Konu eksikligimden
kaynakli oldugunu dusunuyorum.” ifadesi ile konu bilgisinin
eksikliginden kaynakli olarak grafik ciziminde grafik okuma-
yorumlamaya gore daha ¢cok zorlandigini belirttigi géralmustur.

Ogrencilere gérismelerde fizikte grafik iceren soru turleri hakkinda ne
dusundukleri soruldugunda, 6grencilerin bu tur sorularin diger fizik
sorularina goére daha zor olduklarini belirtmistirler. Ogrenciler ayrica
grafik iceren soru turlerini kafa karistirici bularak endiselendiklerini
ifade ettikleri gérulmustur. EO8 numarali 6grenci gérismelerde “Grafik
sorularinin zor oldugunu ddsunudyorum.” ve “Biraz endiselendiriyor
yapamayacagim gibi geliyor kafami karistiriyor cok.” ifadelerini
kullanarak grafik sorularini zor bularak endiselendigini belirttigi
goéralmustur. Grafik iceren sorulari yanlis yapacadini dusinen EO64
numarall 6grenci bu fikrini goérismede “Ozellikle grafik c¢izmemiz
gereken sorularda yanlis yapacagimdan endiselenirim.” seklinde ifade
ettigi tespit edilmistir.

Elde edilen tum sonuclar dogrultusunda, &grencilerin grafikleri
cizerken eksenleri isimlendirmede, veri girisinde, nokta olusturmada,
noktalari birlestirmede sorun yasadiklari gorulmektedir. Grafigi
cizerken, cizgi grafiginin dogru veya egri seklinde olup olmadigi
konusunda da karar vermede zorluklar yasayan ogrencilerin, grafik
iceren fizik sorularini zor ve kafa karistirici bularak endiselendikleri de
soylenebilir. Ayrica égrencilerin grafik ¢ciziminde basarili olabilmek icin
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konu/alan bilgisi, grafik okuma-yorumlama ve matematik ve geometri
bilgilerinin de iyi olmasi gerektigini belirttikleri géorulmektedir.

Sonug, Tartisma ve Oneriler

Lise 6grencilerinin kuvvet ve hareket konusuna yénelik grafik cizme
duzeylerinin incelendigi arastirmada, égrencilerin hiz-zaman, ivme-
zaman ve konum-zaman grafiklerine yonelik grafik cizimlerinde
hatalarinin ve eksikliklerinin bulundugu tespit edilmistir. OJrencilerin
grafik eksenlerini degiskenlere gore isimlendiremedikleri, verileri dogru
yazamadiklari ve nokta olusturamayip grafikleri istenildigi gibi tam
dogru cizemedikleri gorulmustur. Yapilan gorusmelerde de égrenciler,
grafik cizerken eksenleri etiketleme, veri girisi, nokta olusturma,
noktalar birlestirmede sorun yasadiklarini belirttikleri gérulmustuar.
Arastirma sonucunda &égrencilerden sadece %3'Unun istenilen tum
grafik cizimlerini tam olarak dogru yaptigr goérulmuastur. Alanyazin
incelendiginde  arastirma sonucunu destekleyen calismalarin
bulundugu gérulmektedir (Aydin ve Tarakgl, 2018; Bayazit, 2011; Ercan
ve digerleri, 2018; Eryilmaz-Toksoy, 2020; Kranda ve Akpinar, 2020;
Sezgin-Memnun, 2013; Uyanik, 2007). Kuvvet ve hareket konusu fizik
dersi konularinin icerisinde en ¢cok grafik iceren konular icerisinde yer
almaktadir. Konum, hiz ve ivmenin zamanla degisimini gdsteren
hareket grafikleri, hareket konusunun &grenciler tarafindan
anlasilmasina yardimci olmaktadir (Aydin ve Tarakgl, 2018). Ogrenciler
grafik sorularinin ¢cézumunde ilgili konuya yonelik fizik formullerini
kullanabilmelerin yani sira grafiklere yonelik ozellikleri kullanarak da
sorulari ¢ozebilirler. Ornedin hiz-zaman grafiklerinde, 6grencinin grafik
egrisinin belli zaman araliklari icin egimini bulmasi ivme-zaman
grafigini veya altinda kalan alani hesaplanmasi konum-zaman grafigini
fizik formulu kullanmasina gerek kalmadan cizmesine yardimci
olacaktir. Ancak ogrencilerin yanls ve hatali grafik cizimleri
dogrultusunda, arastirmaya katilan ogrencilerin kuvvet ve hareket
konusunu yonelik yanlis ve eksik 6grenmelerinin yani sira konuya
yoénelik grafik bilgilerinde de yanlis ve eksik bilgilerinin bulunabilecedi
soylenebilir.

Arastirmada elde edilen sonuclardan bir digeri ise, 6grencilerin buyuk
bir boluUmunun hiz-zaman grafigi verilen bir aracin, hareket turunu ve
hareket yonunu dogru olarak ifade etmelerine ragmen, bu bilgilerini
kullanarak ivme-zaman grafiklerini  ayni  dogruluk oraninda
cizemediklerinin belirlenmesidir. Arastirmada elde edilen bu sonucu
destekleyen alanyazinda calismalarinda belirtildigi gorulmektedir
(Eryilmaz-Toksoy, 2020). Bu sonug¢ ogrencilerin grafik ciziminde grafik
okuma-yorumlama becerisinin, grafik cizme becerisi icin yeterli ve tek
kosul olmadigini gosterdigi  soylenebilir.  Yapilan goérusmelerde,
ogrencilerin grafik cizmenin grafik okuma-yorumlamadan daha zor
oldugunu belirttikleri gorulmustar. Ayrica arastirmaya katilan
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ogrencilerin grafiklerde basarili olabilmeleri icin grafik okuma-
yorumlama, konu/alan bilgisi, matematik ve geometri derslerinin de iyi
olmasi gerektigini belirtikleri de belirlenmistir. Elde edilen bu sonuclar
dogrultusunda, 6grencilerin dogru grafik cizimleri yapilabilmesi icin
grafik okuma-yorumlama ve cizme becerilerin yani sira fizik ve
matematik konu bilgisinin de yeterli duzeyde bulunmasi gerektigine
inanilmaktadir. Benzer olarak Aydin ve Tarakgl (2018), calismasinda
ogretmen adaylarinin dogrunun egimi, grafik egrilerinin altinda kalan
alant hesaplamada zorlandiklarini ve bunun matematik bilgi
eksikliginden kaynaklandigini ifade etmislerdir. Grafik okuma-
yorumlama ve grafik cizmenin bilimsel stirec¢ becerileri ile olan iliskisine
bakildiginda, okuldoncesi egitimden itibaren bu becerileri kazandirmaya
yoénelik uygulamalarin yapilmasi 6grencilerin bu yondeki becerilerini
arttirilabilecegi dusunulmektedir.

Ozellikle fizik dersi icerisinde grafik iceren konularda grafiklere ydénelik
yeterli uygulamalarin yaptiriimasi gerektigi dustinulmektedir. Konulara
yonelik grafik cizilmesi ve yorumlanmasinin, ilgili kavramlar arasindaki
iliskilerin anlasilmasina da katki saglayacagina inanilmaktadir. Ayrica
hareket konularina yonelik grafik iceren veya icermeyen soru turlerinde
hem grafik ozellikleri kullanilarak hem de ilgili formuller kullanilarak
sorularin ¢oézumlerinin yapilmasi gerektigi dusunulmektedir. Cunku
bircok 6grenci tarafindan cok fazla formul icerdigi icin anlasilmasi zor
ve karmasik gérulen fizik konularinin (Aycan ve Yumusak, 2003),
grafikler yardimiyla daha kolay anlasilmasina da yardimci
olunabilecegine inanilmaktadir.

GCBF’'nda ikinci sorunun a sikkina yonelik bulgular incelendiginde, hiz-
zaman grafigi bazi ogrenciler tarafindan grafik dogrusunun zaman
eksenine yaklasmis oldugu aralik icin hareket yénu negatif yon olarak
algilandigr belirlenmistir. Oysaki hiz-zaman grafiklerinde, grafik
egrisinin zaman eksenine yaklasmasi hareketlinin hizinin azaldigini
ifade etmektedir. Arastirmada ayrica grafik egrisinin zaman ekseninin
altinda kalan bolUmu yani negatif bolgedeki cizgi grafigi égrenciler
tarafindan yavaslayan hareket olarak algilandigi da tespit edilmistir.
Ancak ikinci soruda bu durum negatif yonde hizlanmay ifade
etmektedir. Grafigin bu sekilde algilanmasinin  nedeni olarak
ogrencilerin grafigi sadece bir resim olarak gérmeleri, grafik okuma-
yorumlamaya veya grafik 6zelliklerine yonelik yanlis ve eksik bilgilerinin
olabilecegi dusunulmektedir. Demirci ve Uyanik (2009), yaptigi
arastirmanin sonucunda 6grencilerin konum-zaman grafiklerini aracin
izledigi yol gibi dusunduklerini ve hiz-zaman grafiklerinde ise iki aracin
kesistigi anda araclarin birbirini  yakaladiklarini  dusunduklerini
belirterek &grencilerin  grafikleri resim gibi gdrduklerini  tespit
emislerdir. Ogrencilerin grafikleri cizerken ya da cizilmis olan grafikleri
yorumlarken, grafikleri degiskenler arasindaki iliskileri gdstermekten
cok resim gibi gorduklerini yapilan arastirmalarda tespit edilmistir
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(Hadjidemetriou ve Williams, 2002; Kwon, 2002). Eryillmaz-Toksoy
(2020), kuvvet-hareket konusunda bulunan hiz-zaman grafiklerinde
ogrencilerin hareket turu ve hareket yonune o&rnekler vermede
guclukler cektigini tespit etmistir. Yasanilan bu gucluklerin
nedenlerinden biriise ivme kavramina yonelik yanlis veya eksik bilgiden
kaynaklandigini ifade etmislerdir (Mchunu ve Imenda, 2012).
Arastirmada hiz-zaman grafigine yonelik ayrica &grencilere ivme-
zaman grafigi verilerek, hiz-zaman grafigini cizmeleri istenilmistir. Elde
edilen sonuclar grafik ciziminde ogrencilerin sorunlar yasadiklarini
gostermektedir. Yapilan arastirmalar incelendiginde, arastirma
sonucunu destekleyen calismalarin oldugu gorulmektedir (Vuceljic ve
Suskacevi¢, 2016). ivme-zaman grafiklerinde grafik egrisinin alani,
belirlenen zaman araligr icin hareketlinin  hizindaki degisimi
vermektedir. Bu matematik bilgisi ile ivmeli harekete yénelik formuller
kullanilmadan da grafik cizimi yapilabilir. Elde edilen bu sonug
dogrultusunda arastirmaya katilan o6grencilerin ivme kavramina
yoénelik yanlis ve eksik bilgilerinin bulunmasinin yani sira matematik
bilgilerinde de sorunlar olabilecegi dusunulmektedir. Ancak bazi
arastirmalarda, &grencilerin kinematik grafiklerinde zorlanmalarinin
temel nedenin matematik bilgi eksikligi olmadiginin (Planinic ve
digerleri, 2012) ve matematik bilgilerini fizikteki grafiklere nasil
uygulayacaklarini bilmediklerinin belirtildigi goérulmektedir (Erceg ve
Aviani, 2014). Ogrencilerin grafikleri daha iyi anlamlandirmalari icin,
ogretmenlerin konuya yonelik disiplinler arasi érnekler vermelerinin
etkili olacagina inanilmaktadir.

Arastirma da elde edilen bir baska sonuc ise, 6grencilerin %58'i kuvvet-
zaman grafigi verilen bir cismin ivme-zaman grafigini dogru
cizilemeyerek bos birakildiginin belirlenmesidir. Surtinmenin ihmal
edildigi bir ortamda dogrusal bir yolda hareket eden bir cisme ait
kuvvet-zaman grafikleri ile ivme-zaman grafikleri sekil olarak
birbirlerine benzemektedir. Her iki grafikte yatayda yer alan zaman
eksenindeki veriler ayni olmakla birlikte, duseyde yer alan kuvvet ve
ivme degerlerinin orani, Newton'in ikinci Hareket Yasasi Fnet =
m.d geredi cismin kUtlesine esittir. iki grafik arasindaki fark, sadece
kUtleye bagli olarak dusey eksendeki verilerin degismesi seklindedir. 11.
sinif fizik 6gretim programi icerisinde, net kuvvet etkisindeki cisimlerin
hareketi ile ilgili kazanimlarin bulundugu ve ders kitabinda da konuya
iliskin bilgilerinde verildigi gorulmektedir (MEB, 2018; Gur ve Yilmaz,
2018). Ancak arastirma sonucunda égrencilerin fizik konu bilgisini grafik
cizimi ile iliskilendiremedikleri dusunulmektedir. Elde edilen bu sonug
ogrencilerin fizik konu bilgisinin yani sira, matematik ve mantiksal
dusunme ile ilgilide sorunlarinin olabilecegini gdstermektedir (Bektasl
ve White, 2012). Arastirmaya katilan ogrencilerin matematik ve fen
alanina ilgi duyan ve sayisal agirlikli derslere yonelen 11. sinif 6grencileri
oldugu dusunuldugunde elde edilen sonu¢ daha da dnemli olmaktadir.
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Arastirma kapsaminda &grencilerin grafiklere yonelik matematik
bilgileri veya konuya ydnelik fizik bilgileri sorgulanmamistir. Ancak
ileride yapilacak farkli arastirmalarda ogrencilerin grafik c¢izimini
etkileyen faktorleri de icine alacak sekilde planlanma yapilmasi
gerektigi onerilmektedir.

Arastirma sonucunda, égrencilerin (%59) verilen veri setine ydnelik
grafik cizimlerinin dogruluk oraninin diger grafik donustirme-cizme
sorularina gore daha yuksek oldugu goérulmuastdr. Bu sonug
dogrultusunda ogrencilerin grafikten yararlanip grafik cizmmede daha
fazla zorluklar yasadigi sdylenebilir. Grafik ddnustlUrme becerisiniiceren
bu surecte ogrencilerin grafikler arasinda gecis yapamadigi
belirlenmistir. Benzer olarak McDermott vd. (1987), ogretmen
adaylariyla yaptigi arastirma sonucunda bir grafik cesidini diger bir
grafik cesidine dénusturmede zorluklar yasadigini tespit etmislerdir.
Costu (2007), ogrencilerin kavramsal, algoritmik ve grafik iceren
sorulardaki performanslarinda anlamli  farkliik olup olmadigini
belirlemek amaciyla yaptigi arastirma sonucunda kavramsal anlama ile
grafiksel anlama arasinda pozitif bir iliski oldugunu tespit etmistir. Elde
edilen sonuclardan bir digeri ise bu soru turleri arasinda égrencilerin
performansi en dusuk grafiksel sorular oldugunu ve grafiklerianlamada
eksiklikleri olduklarini belirtmistir. Benzer olarak Kurnaz (2013), lise
ogrencilerinin fizik derslerinde kavramsal, algoritmik ve grafiksel soru
¢c6zme basarilarini incelemek amaciyla yaptigi arastirmanin sonucunda
bu soru turleri arasinda en dusuk basarinin grafiksel soru turleri
oldugunu tespit etmistir. Bununla ilgili olarak &gretmenlerin
derslerinde &grencilere grafik cizimi ile ilgili 6n bilgilerini ortaya
cikararak grafik ciziminin  nasil  yapilmasi gerektigi hakkinda
dgrencilerine 6n bilgilendirmede bulunmalari énerilebilir. Ogrencilerin
grafikleri daha iyi anlamlandirabilmeleri icin égretmenler simulasyon
ve animasyon programlarindan da yararlanabilirler. Ayni anda hem
cismin hareketini hem de harekete yonelik grafik cizimini birlikte
gosteren bu tur programlarin, grafiklerin &grenciler tarafindan
anlasilmasinda etkili olacagina inanilmaktadir. Ayrica uygulamalarda
grafik cizimin yani sira verilen bir grafigin okuma-yorumlanmasina
yonelikte etkinliklere yer verilmesi gerektigi &onerilmektedir. Bu
etkinlikler yardimiyla égrencilerin hem eksiklikleri giderilebilir hem de
hatali bilgileri belirlenerek duzeltilebilecegi dusunulmektedir.

Ogrencilerle yapilan gérismelerde, grafik iceren soru turlerini zor
bulduklarini belirtmislerdir. Benzer sekilde Aydin ve Tarakgl (2018),
calismasinda da égrencilerin grafik iceren soru turlerini zor bulduklarini
ifade etmislerdir. Grafik iceren fizik sorularini kafa karistirici bularak
endiselendiklerini belirten ogrenciler ayrica grafik iceren soru
tdrlerinden korktuklarini da ifade etmislerdir. Benzer sekilde Kranda ve
Akpinar (2020), calismasinda o6grencilerin grafik iceren soru tudrlerini
kafa karistirici bularak endiselendiklerini belirtmislerdir. Grafiklere
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yonelik endise ve korku gibi duygular o6grencilerin kaygilarini
arttirabilecegi  gibi  6grenmelerini  ve  basarilarini  olumsuz
etkileyebilecegi dusunulmektedir. Bu dodrultuda ogdrencilerin
grafiklere yonelik kaygi duzeylerinin belirlenmesi gerekli dnlemlerin
alinmasinda dnemli katki saglayacagina inanilmaktadir.

Bu arastirmada kuvvet ve hareket konusuna yoénelik grafik cizme
duzeyleri incelenmistir. TUm bu sonuclar dogrultusunda 6grencilerin
hiz-zaman, ivme-zaman ve konum-zaman grafiklerine yonelik grafik
cizimlerinde zorluklar yasadiklari soylenebilir. Ogrencilerin grafik
cizimlerine yonelik hata ve eksikliklerinin nedenleri farkli bir arastirma
konusu olarak ayrintili olarak incelenmesi konu ile ilgili énemli
eksikliklerin  giderilmesine katkli saglayacagina inanilmaktadir.
Ogrencilerin fizik konularina ydnelik grafik okuma-yazma ve cizme
becerilerinin incelendigi arastirmalarda, fizik ve matematik konu
bilgisinin yani sira kavram yanilgilarinin belirlenmesinin de elde edilen
sonuglari yorumlamada alan egitimcilerine yardimci olabilecegi
dusunulmektedir. Ayrica grafik iceren diger fizik konularinda da,
ogrencilerin grafik cizme becerilerinin ve karsilastiklari zorluklarin
belirlenmesinin  konularin ogretimine ydnelik, gerekli &nlemlerin
alinmasi bakimindan alan egitimcilerine énerilmektedir.

Etik Kurul izin Bilgisi: Bu arastirma, Hacettepe Universitesi Etik
Komisyonunun 04.09.2018 tarihli toplanti sayisi ve35853172-300 sayili
karari ile Etik Kurul onayr alinarak yapilmistir. Ayrica Ankara il Milli
Egitim Mdadurlagunun 14588481-605.99-E.19187471 sayili 12.10.2018
tarihli  yazisi ile anket ve arastirma yapma izinleri alinarak
tamamlanmistir.

Yazar Cikar Catismasi Bilgisi: Arastirmada yer alan yazarlarin
herhangi bir ¢ikar catismalari bulunmamaktadir.

Yazar Katkisi: Birinci Yazar, problem durumunun belirlenmesi,
literatlr taramasi, verilerin toplanmasi, verilerin analizi, bulgular,
tartisma ve sonuc kisminda katki saglamistir. Ikinci Yazar, problem
durumunun belirlenmesi, literatlr taramasi, verilerin analizi, bulgular,
tartisma ve sonu¢ kisminda katki saglamistir.
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Ekler

EK-A Grafik Cizme Beceri Formu

Adi Soyadi:
Cinsiyet:

Sevgili Ogrenciler; Bu testte, kuvvet ve
hareket konulari ile ilgili grafik gizme
becerilerini 6lgcen bes tane agik ucglu soru yer
almaktadir. Katihminiz igin tesekkrler.

t(s)

t=0 aninda baslangi¢ noktasinda ki bir
hareketlinin (O - 8s) zaman araligindaki hiz-
zaman grafigi sekildeki gibidir. Buna gore
hareketlinin konum-zaman grafigini giziniz.

Yeltekin Atar ve Aykutlu

92

v{m/s)

t(s)

Dogrusal bir yola, t=0 aninda konumu x¢=0
olan bir aracin hiz-zaman grafigi sekildeki
gibidir.

a) I ,I,II ve IV bolgelerinde aracin hangi
yonde hareket ettigini ve hareket ¢esidini
aciklayiniz.

b) Aracin (O - 8s) zaman araligindaki ivme-
zaman grafigini giziniz.
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3.

ivme

1 2 3 Zaman
T T

Dogrusal bir yolda, durgun halden harekete
baslayan bir aracin ivme-zaman grafigi
sekildeki gibidir. Buna gore aracin (0-3s)
zaman araligindaki hiz-zaman grafigini giziniz.

93

4.

F{N)

9 p——m

g _:2 4 b > ts)

Sdrtiinmesiz yatay diizlem Gzerinde durmakta
olan 3 kg kiitleli cisme uygulanan yatay
kuvvetin zamanla degisim grafigi sekildeki
gibidir. Bu hareketlinin (0 - 6s) zaman
araligindaki;

a) ivme-zaman grafigini giziniz.
b) Hiz-zaman grafigini ¢iziniz.

c)Konum-zaman grafigini giziniz.
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5.

Zaman t(s) 0 1 2 3 4

Hiz V(m/s) 0 2 4 6 8

Dogrusal yolda hareket eden bir aracin hizinin
zamanla degisimi ile ilgili veriler yukaridaki
cizelgede verilmistir. Buna gore, aracin (0 - 4s)
zaman araligindaki ivme-zaman grafigini
¢giziniz.
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EK-B Yari Yapilandirilmis Gorusme Formu
Gorusme Sorulari
e Fizikte grafik iceren soru turleri hakkinda ne dusunuyorsun?
Cevabiniz evet ise; neden(ler)inizi aciklayabilir misiniz?

Cevabiniz hayir ise; neden(ler)inizi aciklayabilir misiniz?

e Grafik sorularinin zor oldugunu dusunuyor musunuz?
Cevabiniz evet ise; neden(ler)inizi aciklayabilir misiniz?

Cevabiniz hayir ise; neden(ler)inizi aciklayabilir misiniz?

e Grafik cizmede basaril olabilmen icin hangi bilgi ve becerilere
sahip olman gerektigini dusunuyorsun?

Neden?

e Grafik okuma ve yorumlama ile grafik cizmeyi karsilastirirsak
hangisinde daha ¢ok zorlandigini dusunuyorsun?

Neden?

e Grafik cizerken nelere dikkat ediyorsunuz?

e Grafik cizerken karsilastiginiz gucluklerden bahsedebilir misiniz?

e Grafik cizerken eksen secimi, eksen etiketleme, eksen
olcekleme, veri girisi, nokta olusturma ve noktalari birlestirmede
sorun yasadiginizi dusunuyor musunuz?
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Investigation of High School Students' Graph Drawing

Levels for Force and Motion®

BetUl Seyma YELTEKIN ATAR' & Isil AYKUTLU?

Abstract

“Force and motion” is one of the subjects of physics classes that
includes the most graphs. Enabling one to understand the
relationship between variables, graphs have an important
place in physics courses. A total of 209 11" grade students at an
Anatolian High School participated in this study which was
carried out to determine graphs drawing levels of high school
students related to force and motion. A Graph Drawing Skill
Form (GDSF) containing five open-ended questions was used
as a data collection tool. In the analysis of students’ graphs, an
evaluation rubric was used, which was based on the scoring
rubric designed by Tarakgi (2016) with additional categories
and criteria. To support the findings of the study, semi-
structured interviews were carried out with 42 students (20% of
the total). At the end of the study, it was determined that
students had difficulty drawing the velocity-time, acceleration-
time, and position-time graphs. Moreover, it was seen that
students had errors and issues with naming the axis of graphs,
writing down the data on the axis, creating a point, and
drawing a curve graph. Based on the findings of the study, it is
recommended that applications that require using more
graphs should be part of the curriculum so that students have
a better understanding of graphs used in physics. It is believed
that using simulations or animations which present the graph,
and the motion of the object simultaneously would be more
effective in students’ understanding of graphs in force and
motion.
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Introduction

Visual aids such as graphs are utilised in physics classes to help
students learn more easily (Bozkurt, 2008). Ensuring that data would be
understood more effectively, graphs also contribute to a more effective
comprehension of abstract concepts in physics (Lowrie & Diezman,
2007; McKenzie & Padilla, 1986). Graphs are an indispensable part of
physics education as they are used in displaying qualitative and
guantitative data together and in expressing laws in physics (Coramik
& Ozdemir, 2021). Students'’ skills in using graphs can be analysed under
three headings: interpretation ability, modelling ability, and
transformation ability. Interpretation ability can be defined as the ability
to verbally express the graph. Modelling ability, on the other hand, is the
ability to draw a graph of an observed event. Transformation ability
refers to the ability to draw another graph based on a given graph
(Kwon, 2002). Arguing that in order to interpret a graph, one needs to
identify the information, find out the relationship between data, and
then analyse this relationship, Charpenter & Shah (1998) indicated that
these denote, data reading, inter-data reading, and trans-data reading.
Explaining to the students during the teaching process how to extract
information from graphs and how to interpret the distance between
two points on the graph activates students’ advanced thinking skills
including critical thinking, problem solving, and creativity (Bahtaji,
2020). In this respect, graph using skills are among the fundamental
skills of the scientific process (Kanlh & Yagbasan, 2008; Martin, 1997,
Osborne & Ratcliffe, 2002; Rezba et al,, 1995). In a study on students’
levels of designing an experiment, it was seen that pre-service teachers
have difficulty creating a table and drawing a graph (Kaygisiz et al, 2017).
In her study, Beichner (1994) determined that students find it difficult
to interpret kinematic graphs and regard graphs as pictures rather than
a relationship between variables. Tairab and Khalaf Al-Nagbi (2004)
indicated that students lack the necessary knowledge and skills
concerning both graph reading-interpretation and graph drawing.
Similarly, Glazer (2011) argued that students had difficulty reading-
interpreting, converting, and drawing graphs; and claimed that there
was a relationship between graph reading-interpretation and drawing
graphs. In the same vein, in their study, Berg & Philips (1994) put forth
that students with underdeveloped logical thinking strategies had
difficulty when they had drawn graphs.

A number of studies in the literature reveal that students have difficulty
with graphs (Eryilmaz-Toksoy, 2020; Kranda & Akpinar, 2020; Lai et al,,
2016; McDermott et al,, 1987; Secken & Celik, 2021). McDermott et al,,
(1987) indicated that students had problems with drawing and
interpreting graphs, arguing that among these problems were
regarding graphs as pictures, misreading the scale, starting from the
origin when drawing the graph, and usually drawing linear graphs.
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There are studies in the literature which point to the importance of
mathematical skills in drawing and interpreting graphs (ButUner &
Uzun, 2011; Friel et al., 2001; Ozgun-Koca, 2008; Parmar & Signer, 2005;
Woolnough, 2000). At the end of their study which aimed to determine
the relationship between secondary education students’ skills of
interpreting and drawing kinematic graph, Demirci and Uyanik (2009)
found out a meaningful relationship between these two skills. Similarly,
Murphy (1999) indicated that students had difficulty with velocity,
acceleration, and position graphs. Rosenquist and Mcdermott (1987), on
the other hand, argued that one of the reasons for this difficulty was
that students could not properly interpret graphs. Costu (2007) also
found that students were not good at comprehending questions that
contained graphs. Kurnaz' study (2013) on high school students’
conceptual, algorithmic, and graphical question solving success was
realised with the participation of 68 high school students. At the end of
the study which used open-ended questions, it was found that students
were better at algorithmic and conceptual questions than in graphical
guestions. Lai et al. (2016) found out that many students had difficulty
with science concepts when drawing graphs. At the end of their study,
in which they examined pre-service teachers’ graph reading-
interpretation and drawing skills, Aydin and Tarakg (2018) determined
that pre-service teachers had difficulty properly drawing a graph by
identifying the beginning point of the graph; they also had difficulty
connecting the dots, scaling the axis, and reading-interpreting graphs.
In their study, aiming to examine high school students’ success in
conceptual, operational, and graph questions on motion, Costu and
Satilmis (2020) determined that students had similar success levels in
conceptual and operational questions while having low success in
graph questions. At the end of her study which aimed to determine
students’ skills in explaining motion types, drawing graphs, and
interpreting graphs, Eryilmaz-Toksoy (2020) found out that there was a
meaningful difference in these skills. On the other hand, in their study
investigating the challenges seventh graders had in regard to graphs
in social studies classes, Kranda and Akpinar (2020) determined that
most seventh grade students did not have any difficulty drawing
graphs. When students had difficulty drawing a graph, they stated that
it was due to the graph being too complex. Bahtaji (2020) did research
on improving students’ conceptual understanding and use of graphsin
physics; he divided students into three groups: the first group of
students was presented with pre-drawn graphs; the second group was
informed how to form correctly draw a graph, but only the third group
of students were taught through actively participating in activities on
drawing a graph. Conducted with the participation of 110
undergraduate students, the study concluded that all groups improved
on conceptual learning; however, only the group which actively learned
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how to form or draw a graph had an improvement in their graph skills.
The significant increase in the number of advanced graphs constructed
by students who had supportive education in forming and extracting
graphs indicated that actively drawing graphs improves students’
understanding of graphs and their graph skills.

The Aim and Significance of the Study

Various visual tools such as graphs and schematic data tables are used
by teachers and students to analyse information and problems that can
be faced in every aspect of life, and render numerous data
comprehensible, clear, and effective in a short period of time (Arpagus
et al,, 2011). In this respect, having the ability to draw a graph by
analysing the relationship between variables and to effectively interpret
graphs is highly important in all aspects of life and for all disciplines
(Bahtaji, 2020; Bayazit, 2011). It has been noted students using graphs
actively and knowing the variables given in a graph help them both in
their daily activities and in understanding abstract concepts (Bahtaji,
2020).

The literature in the field shows that students are not as proficient as
they should be with regard to graph reading interpretation and graph
drawing in physics (Aydin & Tarakgl, 2018; Eryilmaz-Toksoy, 2020). It is
clear that the number of studies in the national literature, which
examine students’' graph drawing skills concerning motion and force, is
quite limited (Aydin & Tarakgl, 2018; Demirci & Uyanik, 2009; Eryllmaz-
Toksoy, 2020). Of these studies, only the study by Eryllmaz-Toksoy
(2020) was conducted with the participation of 11"" grade students; her
study focused not only on students’ definitions and examples of types
of motion but also on their ability to read, draw, and interpret velocity-
time, acceleration-time, position-time graphs. Examining high school
students’ graph drawings of force and motion, which is one of the
subjects of physics with the most graphs, this study investigated
students’ graphs in detail based on several categories, namely tagging
the axes of the graph according to variables, writing down data on the
axes of the graph, forming a point on the axes of the graph, and drawing
the graph curve. Such a detailed examination makes it possible to
reveal the lack and mistakes of students in drawing graphics properly.
It is believed that the findings obtained from the study would provide
educators in the field with important information about how students
understand the graphs in force and motion and what difficulties they
face in constructing a graph. Considering all these, the aim of this study
is to examine 11*" grade students’ levels of drawing graphs in force and
motion.
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Study Problem

Aiming to examine 11" grade students’ levels of drawing graphs in force
and motion, this study seeks an answer to the following study problem:

How do students’ levels of drawing graphs of velocity-time,
acceleration-time, and position-time change?

Method

The research was conducted using the survey model. The survey model,
which is a research approach that aims to describe and define a
situation that existed in the past or at the moment by recognizing the
existing conditions, is to define and observe the subject of the research
and what exists without changing or affecting it in any way (Karasar,
2002). This research was conducted with the approval of the Ethics
Committee of Hacettepe University Ethics Commission (the date is
04.09.2018 and the decision number is 35853172-300). Moreover,
research and interview permissions were obtained from the Ankara
Provincial Directorate of National Education (the date is 12/10/2018 and
decision number is 14588481-605.99-E.19187471).

Participants

The participants of the study consisted of 209 11" grade Anatolian High
School students. Schools were randomly selected. In the selection of
students, criterion sampling, which is one of the non-representative
purposeful sampling methods, was used. Criterion sampling studies
meet a series of pre-established criteria (Yildirim & Simsek, 2011). The
basic criterion was that the students were taught force and motion. As
participation was voluntary, students were given a child/adolescent
information form. Moreover, parents’ permission was ensured by using
a parent permission form.

Data Collection Tools
Graph Drawing Skills Form

A GDSF, which contains five open-ended questions on force and motion
designed by the researchers to examine students’ levels of drawing
graphs, was used in the study. While preparing these questions, their
appropriateness to students’ levels and the outcomes in the curriculum
were taken into account; they were prepared based on the expert
opinions from physics and physics education. The first four questions of
the GDSF asked students to draw velocity-time, acceleration-time, and
position-time graphs by using velocity-time, acceleration-time, and
force-time graphs. In the second question, students were also given a
velocity-time graph and were asked about the type of motion as well as
the direction of motion related to the graph; then they were asked to
draw the acceleration-time graph. In the fifth question, they were asked
to draw graphs using the given data set on velocity and time variables
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(Appendix-A). The pilot study on GDSF was realised with the
participation of 50 Anatolian high school students who were on the
same level. Students who were part of the pilot study did not participate
in the actual application. At the end of the pilot study, it was decided
that the GDSF could be used to determine students’ graph drawing
levels concerning motion and force.

The Application

The participants were given a class hour to answer the questions in the
GDSF in this study, which was carried out with the participation of
voluntary students in classes where the teaching of motion and force
was completed. Then, semi-structured interviews were held with
students, which was also on a voluntary basis.

Data Analysis

The rubric developed by Tarakgl (2016) was used to reveal students’
levels of drawing graphs. Additional categories and criteria were added
to the rubric, which was re-designed for the scope of the study. Three
academics in the field of physics education were consulted for their
views on the re-designed rubric. Then, the rubric was amended after
the recommendations and corrections from these experts. The rubric
can be found in Table 1. Since the aim in this study is to determine
students’ levels of drawing graphs, the scoring part of the rubric which
concerns the correctness of categories was not used. Students’ answers
were classified according to their degrees of correctness; frequency
values of the relevant categories were calculated.

Table 1
Evaluation Rubric for the Graph Drawings

Evaluation Categories
Criteria

Correct (C): Naming both axes correctly and writing
Naming the down the unitsof physical qualities representing the axes
Axes According in parentheses.
to Variables Partially Correct (PC): Naming only one of the axes
correctly or not writing down/partially  writing
down/incorrectly writing down the units of physical
qualities of the axes.
Incorrect (1): Naming both axes incorrectly or failing to
name either axis.
Blank (B): Leaving the question blank, lack of any drawn
graph.
Correct (C): Writing data correctly on both axes.
Partially Correct (PC): Writing down only one data group
Writing Down correctly and the other incorrectly.
the Data on the |ncorrect (I): Writing down data incorrectly on both axes
or failing to write down any data.
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Axes of the Blank (B): Leaving the question blank, lack of any drawn
Graph graph.
Correct (C): Intersecting the data correctly on the “y” axis
Creating a with data on the “x” axis and creating a point.
Point on the Partially Correct (PC): Intersecting the data incorrectly on
Axes of the onlyone of the axes and making a mistake on the other
Graph one.
Incorrect (1): Intersecting data incorrectly in both axes.
Blank (B): Leaving the question blank, lack of any drawn
graph.
Correct (C): Drawing the whole curve of the graph
appropriately for the question.
Almost Correct (AC): Appropriately drawing at least 3-
Drawing the time intervals of the 4-time-interval part of the curve of
Curve of the the graph or at least 2-time intervals of 3-time-interval
Graph part.
Partially Correct (PC): Appropriately drawing at least 2-
time intervals of the 4-time-interval part of the curve of
the graph, or at least 1-time interval of the 3-time-interval
part of the curve of the graph.
Incorrect (1) The whole curve of the graph s
inappropriate.
Blank (B): Leaving the question blank, lack of any drawn
graph.

In the analysis of data, students’ answers were classified as “answers to
the first question,” “answers to the second question,” and so on. All
answers were analysed in the order their respective questions were
posed. Students’ graphs in these questions were examined according
to categories, namely, naming axes according to variables, writing
down data on graph axes, forming a point on the graph axes, and
drawing the graph curve; and their levels were examined accordingly.
The answers to questions were analysed according to the categories of
“correct,” “almost correct,” “partially correct,”, “incorrect,” and “blank.”
Then, their frequency values were calculated.

” u

To support the findings in the study, 42 of the participants (20% of the
total participants) who showed different levels of success in drawing
graphs were selected on a voluntary basis, and one-on-one semi-
structured interviews were carried out with these students (Appendix-
B). The basis of these interviews constitutes the questions about
reading-interpreting and drawing graphs. Student views on drawing
graphs were also presented to support the findings.

Findings

At the end of the study, it was revealed that the majority of students
have difficulty drawing force and motion graphs. Examining their graph
drawings made it clear that they have made mistakes in naming the
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axes, putting data on the graph, forming a point on the axes of the
graph, and drawing the graph curve. Findings about students’ graphs,
which were analysed by using the graph drawing evaluation rubric (See
Table 1), were presented in Table 2.

Table 2
Distribution of Students’ Levels of Drawing Graphs Based on the Evaluation
Rubric

Q1 Q2 Q3 Q4a Q4b Q4c Q5
Evaluation Categories f f f f f f f
Criteria
) Correct 4 5 5 3 2 1 5
Naming the bartiall
Axes Ca ey 5z 91 123 79 77 64 127
According to orrect
Variables Incorrect 58 53 43 35 23 33 33
Blank 34 60 38 92 107 m 44
Writing Correct 31 52 9 62 3 0 107
Bg}’;“o;htehe Féf)rrtr'ggi’ M 78 146 37 84 74 50
Axes of the Incorrect 26 14 1 6 9 17 6
Graph Blank 40 65 43 104 13 118 46
) Correct 37 61 7 86 62 36 19
Creating a Partiall
Point on the c?)rrzci/ 18 50 49 5 6 13 17
Axes of the
Graph Incorrect m 33 10 13 28 4] 25
Blank 43 65 43 105 13 119 48
Correct 30 63 12 87 68 44 124
Almost
Drawing the Correct 6 37 7 > 3 9 12
Curve of the i
Graph F():f)rrtr'zgi’ 35 22 121 5 19 14 2
Incorrect 94 22 25 8 7 24 23

Blank 44 65 44 104 12 118 48

Table 2 shows that for all questions, very few students had fully correct
answers when it comes to naming the axes according to variables.
Examining findings on writing down the data on graph axes, apart from
the fifth question, few students had fully correct answers in the third
(f=9) and first (f=31) questions; indeed, for part c of the fourth question,
no student was able to give fully correct answers. Findings on students’
answers related to forming a point on graph axes and drawing the
graph curve indicated that only in question five did the majority of
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students give correct answers (f=119 and f=124). In GDSF, students were
asked to transform a given graph into another in all questions but the
fifth one. It was evident that most students had difficulty drawing
position-time, velocity-time, and acceleration-time graphs using
velocity-time, acceleration-time, and force-time graphs. In the fifth
guestion, students were given the data showing how acceleration
changes in time and were asked to draw the acceleration-time graph.
Findings revealed that most students (f=124) answered only the fifth
guestion correctly.

In the first question, the students were asked to draw the position-time
graph of the moving object based on its velocity-time graph provided
for them. The velocity-time graph and the correct position-time graph
expected from students were presented in Table 3.

Table 3
The Graph Provided in the First Question and the Correct Graph Drawing for
the Question
1t question in GDSF. The expected correct graph for the 1%
guestion.

X (m)

v{m/s) 60

] 5 t(s)
. .
2 6
/ ) # 0 2 a 5 ts)
»

The findings concerning the first question showed that students had
some issues and mistakes in transforming velocity-time graphs to
position-time graphs. Students were unable to identify the axes in their
position-time graphs, they were incomplete or incorrect data on the
graph, and they were unable to form a point on the graph and were
unable to draw the graph as they should (See Table 2). It was seen that
none of the participants were able to fully answer the first question
correctly. Some of the graphs drawn by the students were presented in
Table 4.
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Table 4
Sample Graphs Drawn by Students for the First Question

Graph drawn by S36. Graph drawn by S71. Graph drawn by S64.

Examining S36's graph drawing revealed that they misnamed the
graph axes, were unable to correctly put the graph data onto the axes,
formed the point incorrectly on the graph, and drew the graph curve
incorrectly. S71, on the other hand, named the graph axes correctly but
was unable to correctly put the graph data onto the axes. Moreover, it
was determined that students formed the point on the wrong part of
the graph axes and were partially correct in their drawing of the graph
curve. For the first question, S64 put the graph data correctly on the
axes but made mistakes in naming the axes themselves. The same
student drew the graph curve incorrectly even though the student was
able to correctly form the point on the graph axes.

In the second question of GDSF, students were given the velocity-time
graph (t=0 and x0=0) of a car moving along a linear road. In part (a) of
the question, students were asked to write down the type of motion of
the car and its direction. In part (b), they were asked to draw the
acceleration-time graph of the car. At the end of the study, it was seen
that although most students were able to identify the type and
direction of motion in the given graph, they were unable to draw the
graph properly. Only one student could answer part (a) of the question
fully correctly. The second question and the correct drawing of the
graph were given in Table 5; students graphs can be seen in Table 7.
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Table 5
The Graph Provided in the Second Question and the Correct Graph Drawing
for the Question

24 question in GDSF. The expected correct graph for the 2"
guestion.

a (m/s?)

>0

Hs) I | PO S——

Findings concerning part (a) of the second question showed that most
students were able to answer the question correctly by stating that the
direction and type of the motion was a uniform acceleration in a
positive direction at the 0-2s interval, constant velocity in a positive
direction at the 2-4s interval, constant deceleration in a positive
direction at the 4-6s interval, and constant accelerating motion in the
negative direction at the 6-8s interval.

Table 6

Students’ Answers Regarding the Type and Direction of Motion for Part (a) of
the Second Question

Time Interval 0-2 2-4 4-6 ©6-8
C | B C | B C I B C I B
Type of Motion 155 8 46 150 12 47 149 13 47 120 41 48

Direction of Motion 171 3 35 165 4 40 138 36 35 169 4 36
C: Correct Answer, I: Incorrect Answer, B: Blank

Table 6 shows that some students (f=8) expressed the car moving in a
constant accelerating motion at the 0-2 interval of the graph as the
constant velocity motion. Some students (f=12) indicated the car
moving in a constant accelerating motion at the 2-4 interval of the
graph as standing still. Similarly, some students (f=36) argued that the
motion direction of the car at the 4-6s time interval was negative.
Students (f=41) also wrongly identified the line graph in the negative
area, which is below the graph at the 6-8s time interval, as decelerating
motion. When the number of students was examined in relation to all
time intervals, it was seen that 47 students left the question
unanswered failing to identify the type of motion while 36 failed to
identify the direction of motion, and they left it unanswered. Samples
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from the graphs that the students drew for part (b) of the second
guestion were presented in Table 7.

Table 7
Sample Graphs Students Drew for the Second Question
Graph drawn by S34. Graph drawn by S71. Graph drawn by S122.

qu.[gz)

S34 was unable to write down the units on the axes; the student also
failed at data entry, forming a point, and drawing the graph curve. S71's
acceleration-time graph was examined, and it was seen that the
student was able to name the graph axes correctly, however, he was
unable to accurately jot down the data. Moreover, it was determined
that the student formed an incorrect point on the axes and his graph
curve was incorrect. The graph drawing of S122, which was given in
Table 7, shows that the student was able to accurately form the point,
jot down the data, and draw the graph curve. However, the same
student was unable to write down the units on the axes.

In the third question, the students were asked to draw the velocity-time
graph of a car whose acceleration-time graph was given. The graph
provided in the third question and the correct graph drawing for the
guestion were given in Table 8 while samples from students’ drawings
concerning this question were presented in Table 9.
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Table 8
The Graph Given in the Third Question and the Correct Drawing Expected from Students

3rd question in GDSF. The expected correct graph for the 3rd
guestion.

; V(m/s)
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Findings regarding the third question showed that students had
difficulty drawing the velocity-time graphs using the acceleration-time
graphs. None of the students was able to fully answer the question
correctly. Table 2 shows that 57% of students (f=121) could draw the
graph curve accurately only for a single time interval.

The graph drawing of S79, which was given in Table 9, shows that the
student was unable to name the axes properly, and he incorrectly
wrote down the data on the vertical axis. However, the same student
was able to form the point and draw the graph curve almost correctly.

Table 9
Sample Graphs Students Drew for the Third Question
Graph drawn by S79. Graph drawn by S119. Graph drawn by S37.
?

(mis) Olm/s)

34

l/x? 1 = tt"’}

It was determined that S119 made mistakes in the vertical axis when
writing down the data in the graph drawing. However, the student was
able to draw the graph curve partially correctly. Graph drawing of S37
showed that the student correctly named and identified the axes and
wrote down the units. This student drew the graph curve incorrectly
because she formed the point at an inaccurate place on the axes (See
Table 9).

In the fourth question, students were given the force-time graph of an
object with a mass of 3 kg, and they were asked to draw the
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acceleration-time, velocity-time, and position-time graphs of the
object. Results for each graph were evaluated separately. Findings on
part of the fourth question showed that only two students were able to
answer the question fully correctly. The graph provided in question four
and the expected correct graph drawing were given in Table 10.

Table 10
The Graph Given in Question Four and the Correct Graph Drawings for the
Question

4™ questionin  The expected The expected The expected

GDSF. correct graph correct graph correct graph for
for option ain for option b in option cin
4*hquestion. 4™hquestion. 4hquestion.

* (m)
FIN) o/ v (m/s)

18|

3

0 t(s)

] S S 2

o P a 6 =)

Findings revealed that the students had difficulty drawing the
acceleration-time, velocity-time, and position-time graphs using the
given data. Most students left part a of the question blank, failing to
answer it (See Table 2).

The graphs drawn by students were examined. S8 was partially correct
in his naming of the axes and entering data onto the time axis. However,
the same student had errors in forming the point on axes and drew the
graph curve incorrectly (See Table 11). S12 entered the data partially
correctly, but incorrectly named the axes and drew the graph curve
incorrectly because he formed the point incorrectly (See Table 11).

Table 11

Sample Graphs Students Drew for Part (a) of the Fourth Question
Graph drawn by S8. Graph drawn by S12. Graph drawn by S124.
o) AR _

\Vi? T i

It was seen that S124 partially correctly entered data. However, the same
student was unable to name the graph axes and correctly draw the
graph curve (See Table ).
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Some of the incorrect graph drawings students drew for part (b) of the
fourth question were provided in Table 12. S123 failed to add the units
when naming the axes. Moreover, the student made mistakes in
drawing the graph curve and data entry. When the velocity-time graph
drawn by S60 was examined, it was seen that the student entered
incorrect data on the vertical axis and failed to indicate the names of
axes. The same student was partially correct in forming a point and his
graph curve was almost fully correct.

Table 12
Graphs Students Drew for Part (b) of the Fourth Question
Graph drawn by S123. Graph drawn by S60. Graph drawn by S64.

S64 partially correct formed the point and entered data in their graph
drawing. Drawing the graph curve correctly, the student did not name
the graph axes. Findings showed that none of the students
participating in the study could give fully correct answers for parts b
and c of the fourth question.

Incorrect graph drawings of students for part ¢ of the fourth question
were presented in Table 13. Table 13 shows that S64 did not name the
graph axes just as he did not in the previous graph, and the student
managed to enter data correctly on the graph only on the time axis. In
addition, he formed the point incorrectly and failed to draw the graph
curve correctly.

Table 13
Graphs Students Drew for Part (c) of the Fourth Question
Graph drawn by S64. Graph drawn by S120. Graph drawn by S70.

It was found that S120 had some problems and mistakes with naming
the graph axes and entering data. Forming the point incorrectly on the
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graph axes, the student drew the graph curve completely incorrectly.
S70's graph drawing showed that the student named the axes, entered
the data, and formed the point on the axes partially correctly. Moreover,
the student managed to draw the graph curve of the position-time
graph almost correctly (See Table 13).

In the fifth question of GDSF, students were given a chart containing
data on velocity-time variables. Then, the students were asked to draw
the acceleration-time graph of a vehicle moving along a line, using the
given chart. Findings showed that even though 59% of the students
(f=124) were able to draw the graph curve correctly, only four students
managed to answer the fifth question fully correctly (See Table 2). The
data set given in question five and the correct graph drawing of the
guestion were presented in Table 14.

Table 14
Data Set Given in the Fifth Question and the Correct Graph Drawing of the
Question
5t question in GDSF. The expected correct graph expected
for the 5" question.

a (m/fs?)

Timet(s) |0 |1 2 |3 4
Velocity [0 |2 |4 |6 |8 2
V(m/s) ot

Examining students’ drawings for the fifth question, it was seen that
S38 had some mistakes in naming the axes and entering the data.
Moreover, the same student drew the graph curve incorrectly (See
Table 15). S36, who formed an incorrect point on the axes, was unable to
name the axes; he had an erroneous data entry and graph curve
drawing. S121 drew the graph curve almost completely correctly. Yet,
the same student failed to name the axes, and was partially correct in
his data entry and forming the point.

Table 15
The Graphs Students Drew for the Fifth Question
Graph drawn by S38. Graph drawn by S36. Graph drawn by S121.
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During the interviews, which were conducted with the participation of
the students with different success levels based on their answers in the
GDSF, they indicated that they faced problems drawing the graphs,
entering the data, forming the point, and drawing the graph curve. For
instance, FS120 expressed the difficulty she had in drawing the graph
curve as follows: “For example, if the acceleration is constant, | find it
difficult to decide how the velocity will be, whether it will be linear or
accelerating.” The same student mentioned this difficulty again during
the interview in the following way: “I mean | find it difficult forming a
point, cannot decide whether to draw a parabola or an accelerating
one.” Similarly, FS123 voiced his difficulty in drawing graphs as follows:
“I have difficulty drawing the position-time graph when it is parabolic.”
FS122 mentioned her difficulty in entering the data in the following way:
“I have difficulty entering the data when | do calculations through the
formula.”

The interviews also showed that students find drawing a graph more
difficult than reading-interpreting the graph. FS36 put it as follows:
“Actually | think | find both of them difficulty, but drawing a graph is
more difficult.” Moreover, students indicated that in addition to having
the relevant physics field/subject knowledge and graph reading-
interpretation knowledge, one would need a good grasp of
mathematics and geometry to successfully draw a graph. The same
student worded her contention that success in mathematics and
geometry is crucial to success in drawing graphs: “I believe | will be
better at this if | am more successful in mathematics and geometry.”
Convinced that drawing a graph is more difficult than reading-
interpreting one, MS60 said that “/ believe that in order to draw a
graph, one’s ability to read a graph should be better.” FS9 indicated
that her difficulty arose from her lack of knowledge, “I think it is due to
my lack of knowledge;” and maintained that she found it more difficult
to draw a graph than reading-interpreting one.

When the students were asked what they thought of questions
containing graphs in physics, they said that they had more difficulty
with this type of question compared to other types of questions in
physics. They also said that they found questions containing graphs
confusing which made them nervous. MS8 stated the following during
the interviews: “I think graph questions are hard,” and “It makes me a
bit nervous; | feel like | won't be able to solve it; it confuses me a lot.”
Concerned that he will make a mistake, MS64 expressed this concern
as follows: “I get nervous that | will get the question wrong, especially
in questions where we are required to draw a graph.”

Considering all these findings, students have difficulty naming the axes,
entering data, forming a point, and connecting these points when
drawing a graph. Having difficulty deciding whether the line graph was
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linear or curved, students said they find physics questions containing
graphs confusing and difficult. Moreover, students indicated that
successfully drawing graphs requires good mathematics and geometry
knowledge in addition to good field/subject knowledge in physics.

Discussion, Conclusion, and Suggestions

Examining students’ levels of drawing graphs of force and motion, this
study determined that students have difficulty and mistakes when it
comes to drawing acceleration-time, velocity-time, and position-time
graphs. It was seen that students were unable to name graph axes
according to variables, unable to write down data correctly, unable to
form points and draw the graph as required. Similarly, in the interviews,
students indicated that they have difficulty tagging the axes, entering
data, forming a point, and connecting the points when drawing a
graph. Atthe end of the study, only 3% of the students were able to draw
all graphs fully correctly. There are studies in the literature supporting
the findings of this study (Aydin & Tarakgl, 2018; Bayazit, 2011; Ercan et
al.,, 2018; Eryllmaz-Toksoy, 2020; Kranda & Akpinar, 2020; Sezgin-
Memnun, 2013; Uyanik, 2007). “Force and motion” is one of the physics
topics containing the highest number of graphs. Motion graphs which
show the change in position, velocity, and acceleration in time help
students understand motion (Aydin & Tarakgl, 2018). Students can use
physics formulas related to the topic or they can use the characteristics
of the graphs to solve questions containing graphs. In velocity-time
graphs, for instance, if students figure out the slope of the graph curve
for certain time intervals or draw the acceleration-time graph or
calculate the field below it, it will help them draw the position-time
graph without employing a physics formula. However, it is clear, in the
light of students’ incomplete or erroneous graph drawings, that
students who participated in the study have incomplete or lacking
learning in force and motion as well as incorrect or incomplete
knowledge about graphs.

Another finding obtained in the study is that although most students
can correctly indicate the type of motion and the direction of a vehicle
whose velocity-time graph is given, they cannot draw the acceleration-
time graphs using this knowledge. In this sense, there are other studies
in the literature which support this finding (Eryilmaz-Toksoy, 2020). This
finding may indicate that graph reading-interpretation skill is not
sufficient or the only condition for graph drawing skills. In the
interviews, students stated that drawing a graph is more difficult than
reading-interpreting one. Moreover, students expressed that in order to
be successful with graphs, one should have a good graphs of reading-
interpreting graphs, field/subject knowledge, and a good basis in
mathematics and geometry. In line with these findings, it is believed
that students should have a good level of physics and mathematics
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subject knowledge in addition to having graph reading-interpretation
and drawing skills in order to make the correct graph drawings.
Similarly, Aydin and Tarakgi (2018) found out that pre-service teachers
had difficulty calculating the slope of the line and the field below the
graph curve; and they realised that this was due to their lack of
mathematical knowledge. When the relationship between scientific
process skills and graph reading-interpretation and drawing skills is
considered, it is thought that these skills could be improved by
applications aiming for students to acquire these skills beginning with
pre-school education.

Sufficient application should be done with graphs, especially in physics
classes when the subject contains graphs. It is believed that drawing
graphs and interpreting them would contribute to the comprehension
of the relations between relevant concepts. Moreover, questions on
motion whether they contain graphs or not should be analysed and
solved both by using the characteristics of graphs and the relevant
formula because physics topics, which are deemed to be difficult and
complex by many students due to having so many formulae (Aycan &
Yumusak, 2003), could be made easier to understand by the use of
graphs.

Findings about part a of the second question in GDSF showed that
some students mistakenly thought the direction of motion of the
velocity-time graph was negative because the graph line was close to
the time axis. However, in velocity-time graphs, the graph line getting
close to the time axis indicated a decrease in the velocity of the moving
object. Moreover, students mistakenly thought that the part below the
time axis of the graph curve in other words, the line graph in the
negative field was slowing motion. However, this indicates a negative
acceleration in the second question. The fact that students perceived
the graph as such was thought to be due to them regarding the graph
only as a picture and due to their lack of knowledge of graph
characteristics. At the end of their study, Demirci and Uyanik (2009)
determined that students thought of graphs like pictures because they
thought of position-time graphs as the route of the vehicle, and that the
vehicles catch up with each other when the vehicles cross paths on the
velocity-time graphs. Other studies also found that when drawing
graphs or interpreting given graphs, students consider graphs more
like pictures than tools showing the relationship between variables
(Hadjidemetriou & Williams, 2002; Kwon, 2002). Eryilmaz-Toksoy (2020)
revealed that students had difficulty finding examples of the type of
motion and the direction of motion for velocity-time graphs within the
“force-motion” topic. One of the reasons for this difficulty is incomplete
or erroneous knowledge about acceleration (Mchunu & Imenda, 2012).
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In the study, students were given the acceleration-time graph, and they
were asked to draw the velocity-time graph. Findings revealed that
students have difficulty drawing graphs. There are other studies
supporting this finding of the study (Vucelji¢ & Sugkacevi¢, 2016). The
area of the graph curve in acceleration-time graphs gives the change
in the velocity of the moving object for the determined time interval.
This mathematical knowledge would be used by students to draw the
graph without using the formula related to accelerated motion. This
finding implies that students who participated in this study have
problems with their mathematical knowledge in addition to having
incorrect or incomplete knowledge of acceleration. However, some
studies argue that the reason behind students’ difficulty in kinematic
graphsis not their lack of mathematical knowledge (Planinic et al., 2012)
but the fact that they do not know how to apply their mathematical
knowledge to graphs in physics (Erceg & Aviani, 2014). In order for
students to make better sense of graphs, teachers should give
interdisciplinary examples when covering the subject.

Another finding obtained in the study is that 58% of students were
unable to draw the acceleration-time graph of an object whose force-
time graph was provided, and these students left the question blank. In
an environment disregarding friction, force-time graphs and
acceleration-time graphs of an object moving along a linear road are
alike in appearance. In both graphs, data on the time axis, which is
linear, are the same; the ratio of the force and acceleration values in the
vertical axis is equal to the mass of the object, based on Newton's
Second Law of Motion F~ net=m.a”. The difference in these two graphs is
only the change in the data on the vertical axis based on mass. In the
11" grade physics education curriculum, there are outcomes on the
motion of objects under the influence of net force, and information on
this subject is provided in the course book (Ministry of Education, 2018;
Gur & VYilmaz, 2018). However, the findings of the study imply that
students were unable to relate the drawing of the graph with their
knowledge of physics. This finding also shows that students may have
problems not only with their knowledge of physics but also with
mathematics and logical thinking (Bektasli & White, 2012). Considering
that the participants are 11*"grade students who have already declared
interest in mathematics and science, this finding is even more crucial.
Within the scope of the study, students’ mathematical knowledge of
their knowledge in physics concerning this topic was not investigated.
However, future studies should be planned in such a way as to include
factors affecting students’' graph drawings.

At the end of the study, it was seen that the accuracy rate of the graph
drawings of students (59%) for the given data set was higher than the
other graph transformation-drawing questions. This finding reveals
that students have more difficulties in drawing a graph by using
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another. It was determined that students were unable to switch from
one graph to the other in this process which requires the skill to
transformm graphs. Similarly, in their study carried out with the
participation of pre-service teachers, McDermott et al. (1987)
determined that pre-service teachers had difficulty transforming one
graph type into another one. Costu (2007) identified a positive
relationship between conceptual understanding and graphical
understanding at the end of her study which investigated whether
there is a meaningful difference in students’ performances in
conceptual, algorithmic, and graphical questions. Another finding was
that the lowest performance in these types of questions was in
graphical questions, and that students had issues in understanding
graphs. Similarly, Kurnaz (2013) examined high school students’ success
in solving conceptual, algorithmic, and graphical questions in physics
classes and determined that the lowest success level is for the graphical
questions. To address this problem, teachers could be recommended
to provide some preliminary information on how to draw a graph.
Teachers may employ simulations or animation programs so that
students make better sense of graphs. Simultaneously displaying both
the motion of the object and the graph drawing for the motion, this
type of program could be effective in helping students understand
graphs better. Moreover, graph reading-interpretation activities should
be part of the applications in addition to graph drawings. These
activities may help students overcome their lack of knowledge and
correct their incorrect knowledge by identifying them.

In the interviews carried out with students, they indicated that they find
questions containing graphs difficult. Similarly, Aydin and Tarakgi (2018)
mentioned that students found questions with graphs difficult.
Regarding them confusing, students added that they were afraid of this
type of questions. Indeed, Kranda and Akpinar (2020) drew attention to
the same issue, saying that students find questions containing graphs
confusing and anxiety-inducing. Such negative emotions could
increase students’ anxiety; they would also negatively impact their
learning and success. In this regard, it is believed that identifying
students’ anxiety levels concerning graphs would help educators in
taking the necessary precautions.

This study examined students’ levels of drawing graphs for force and
motion. Findings clearly indicate that students have difficulty drawing
velocity-time, acceleration-time, and position-time graphs. It is believed
that examining, as a separate study topic, the reasons why they have
made mistakes in this regard could contribute to alleviating the
problems. Determining students’ misconceptions in addition to looking
into field knowledge in physics and mathematics would help educators
in interpreting findings in studies focusing on students’ graph reading-
writing and drawing skKills in physics. Moreover, it is recommmended that
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identifying students’ graph drawing skills and the difficulties they face
in drawing graphs would help educators, and thus, they could take the
necessary precautions when teaching these topics.
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APPENDIX-A Graphics Drawing Skills Form

Name Surname:
Sex:

Dear Students,

In this test there are five open-ended
questions that measure graph drawing skills
related to motion and force. Thank you for
your participation.

Betiil Seyma YELTEKIN ATAR & Isil AYKUTLU

\ t(s)

The velocity-time graph of an object, which is
at its initial position at t=0 time, in the time
interval of (0 - 8s) is as shown in the figure.
Accordingly, draw the position-time graph of
the object.

o1

t(s)

The velocity-time graph of a vehicle on a
straight road whose initial position xo=0 at time
t=0is as follows.

a) Explain in which direction the vehicle
moves and the type of movement in
regions |, I, Il and IV.

b) Draw the acceleration-time graph of
the vehicle in the time interval (O - 8s).
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PUIJE, 60, [2024]

Zaman

The acceleration-time graph of a vehicle
starting from a standstill on a straight path is as
shown in the figure. Accordingly, draw the
velocity-time graph of the vehicle in the time
interval (0-3s).

Yeltekin Atar & Aykutlu
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F{N)

0 > t[s)

JF - ——

The graph of the change in time of the
horizontal force applied to a 3 kg object
standing on a frictionless horizontal plane is as
shown in the figure. Draw the following graphs
of this object for the 0-6s time interval.

a) Acceleration-time graph.
b) Velocity-time graph.

c) Position-time graph.
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5.
Time t(s) 0 1 2 3 4
Velociyt 0 2 4 6 8
V(m/s)

The data on the change of the velocity of a
vehicle moving on a straight road with time are
given in the above chart. Accordingly, draw the
acceleration-time graph of the vehicle in the
time interval (0 - 4s).
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APPENDIX-B Semi-Structured Interview Form

Interview Questions

What do you think of the kind of questions in physics that
contain graphs?

If your answer is yes, please could you explain your reason(s)?

If your answer is no, please could you explain your reasons(s)?

Do you find graph questions difficult?
If your answer is yes, please could you explain your reason(s)?

If your answer is yes, please could you explain your reason(s)?

What skills and knowledge do you think you should possess in
order to draw graphs successfully?

Why?

Between reading and interpreting graphs and drawing graphs,
which do you think is more difficult for you?

Why?

What do you take into account when drawing graphs?

Can you tell us about the difficulties you experience when
drawing graphs?

Do you think you experience difficulties when drawing graphs in
terms of selecting the axis, labelling the axis, scaling the axis,
data entry, forming a point, and connecting the points?
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