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This study aims to adapt the three-tier ecological footprint diagnostic test developed by
Liampa et al. (2019) to Turkish. The data of the study were collected in the spring semester of
the 2017-2018 academic year. The instrument, including 42 items in total, was translated into
Turkish by the researchers. Then, the items were examined by four experts (an environmental
engineer, a mechanical engineer, biology and linguist) translated into Turkish. The
researchers came together to compare the translations and determine the differences in
translations. Then, experts and researchers came together to discuss these differences and
reached a consensus. Subsequently, the items were translated back to English by a linguist
and this version was compared with the original test. By conducting a pilot study, some items
were improved regarding the item test analysis. During the improvement, expert opinions
were taken again, and items were finalized for the main study. KR-20 value of questions in
content and reasoning tiers was 0.77. the item analysis results showed that the average item
difficulty index was 0.58, and the average discrimination index was 0.38. The Cronbach o
value was 0.85 for 12 items measuring how confident students were about their answers. The
results of the main study revealed that although most of the students gave correct answers to
the questions in the content tier, they could not answer most of the questions in the reasoning
tier. The majority of students were confident about their answers. As a result, the validity and
reliability of the ecological footprint diagnostic test adapted to Turkish were approved. In
further studies, high school students' conceptual understanding of ecological footprint can be
determined and misconceptions can be revealed by using this test.
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Kavramsal Anlayis

Bu aragtirmamin amaci Liampa ve digerleri. (2019) tarafindan gelistirilen ii¢ asamal1 ekolojik
ayak izi taru testinin Tiirk¢e’ye uyarlanmasidir. Calismanin verileri 2017-2018 6gretim yilinin
bahar déneminde toplanmustir. Toplam 42 maddeden olusan {i¢ asamali tani testinin
Tiirkge’ye cevirisi aragtirmacilar tarafindan yapilmistir. Maddeler daha sonra dért uzman
(¢evre mithendisi, makine miihendisi, biyolog ve dil uzmani) tarafindan incelenerek tekrar
Tiirkce cevirisi yapilmustir. Arastirmacilar bir araya gelerek, cevirileri karsilastirmis ve
cevirisinde farkliik olan maddeler belirlenip, uzman ekiple bir araya gelerek goriismeler
yapilip ortak bir karara varilmistir. Ardindan, bir dil uzmam tarafindan maddelerin tekrar
1ngilizce’ye gevirisi saglanmistir ve bu versiyonu orjinali ile karsilagtirilmistir. Ug asamal
tani testinin pilot calismasi yapilarak, madde analizinde yer alan sonuglara gére maddelerin
bir kisminda diizeltme yapilmistir. Yapilan diizeltmede, uzmanlarin goriigleri tekrar alinmis
ve test ana ¢alisma icin son haline getirilmistir. Icerik bilgisi ile gerekge boliimiinde yer alan
30 sorunun KR-20 degeri 0.77 bulunmustur. Madde analizinde ortalama madde giigliik
indeksi 0.58, ortalama ayirt edicilik degeri 0.38 gikmigtir. Ogrencilerin verdikleri cevaplarla
ilgili kendilerinden ne kadar emin olduklarim belirleyen 12 madde igin Cronbach o degeri
0.85 bulunmustur. Sonug olarak Tiirkge'ye uyarlanan ekolojik ayak izi tan testinin gegerlilik
ve giivenirligi kanitlanmigtir. Gelecekteki ¢alismalarda bu test ile lise 6grencilerinin ekolojik
ayaki izi ne yonelik kavramsal anlayislar tespit edilebilir ve kavram yanilgilar1 ortaya
koyulabilir.
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Giris
Giiniimiizde insan faaliyetleri nedeniyle Diinya’nin biyolojik sistemlerinde ciddi degisimler
(6rn. denizlerdeki yasamin bozulmasi, buzullarin erimesi, okyanuslarin asitlenmesi) meydana gelmekte
ve bu durumu tersine ¢evirmek her gecen giin zorlasmaktadir (Rockstorm, 2015). Diinya Koruma
Vakfr'nin [World Wide Fund] (WWF) 2020 yilinda yayinladig1 raporda insan ile gezegenin saghigimnin
birbiriyle yakindan iliskili oldugunu belirtmistir. Insan faaliyetleri nedeniyle ekosistemlerin bozulmasi,

biyolojik ¢esitliligin azalmasi ve yaban hayati ile insan yasami arasindaki temasin artmasi ile Covid-19

gibi salginlar yayginlasmaktadir (WWE, 2020).

Bilim insanlar1 tarafindan Antroposen (insan c¢agi) olarak adlandirilan bu ¢agda insan
faaliyetleri sonucunda gezegenimizin biyolojik, fiziksel ve kimyasal kosullar1 biiyiik degisimlere
ugramistir (Wolff, 2020). Tim bunlarin yaninda iklim degisikligi glintimiiziin en 6énemli krizi olarak
karsimizda durmaktadir. Hiikiimetleraras: Iklim Degisikligi Paneli'nin [Intergovernmental Panel on
Climate Change] (IPCC, 2014) raporuna gore iklim degisikligi var olan riskleri hizlandirmakta, aym
zamanda doga ve insanlar icin yeni riskler yaratmaktadir. Yasanan tiim bu krizler nedeniyle pek ¢ok

canli tiirli yok olma tehlikesiyle kars1 karstyadar.

Biitiin bu problemlerin temelinde ise stirdiiriilebilir olmayan yasam tarzi ve insanlarin ¢evre
dostu olmayan tutum ve davraniglar1 yatmaktadir. Bu nedenle 1987 yilinda Diinya Cevre ve Kalkinma
Komisyonu [World Commission on Environment and Development] (WCED) tarafindan tanimlanan
suirdiiriilebilir kalkinma kavrami giintimiizde daha fazla dikkat cekmektedir. Komisyon tarafindan
hazirlanan “Ortak Gelecegimiz” isimli raporda siirdiiriilebilir kalkinma “gelecek kusaklarin kendi
ihtiyaglarini karsilayabilme potansiyelini ortadan kaldirmaksizin bugunuh ihtiyaglarinin karsilanmasi”
(WCED, 1987) olarak tanimlanmustir. Siirdiiriilebilirlik ¢evresel, sosyal, ekolojik ve ekonomik konular1

i¢ine alan ¢ok boyutlu bir kavramdir.

Ekolojik siirdiiriilebilirlik ise dogadaki yenilenebilir kaynaklarin ve biyolojik sistemlerin
stirdiirtilebilirligini ifade etmektedir (WWE, 2012). Yani diinyanin biyokapasitesini asmadan, dogal
kaynaklar1 tiiketmeden yasamak anlamina gelmektedir. Ekolojik siirdiiriilebilirligi degerlendiren
gostergelerden biri ekolojik ayak izidir (WWEF, 2012). Ekolojik ayak izi kavrami ilk defa William Rees
ve Mathis Wackernagel tarafindan ortaya atilmis ve soyle tanimlanmistir: “Insanlarin halihazirda
tiikettikleri tiim kaynak ve hizmetleri saglamak ve atiklarini diizenli olarak olarak bertaraf etmek i¢in
ihtiya¢ duyulan belli bir bolgedeki karasal ve sulak alanlarin toplamidir” (Wackernagel, 1994). Ekolojik
ayak izi sadece insan faaliyetlerinin cevre tiizerine etkisini Ol¢gmez aymi zamanda, toplumun
farkindahigini artirarak, cevre icin dogru kararlar vermelerine yardimcr olur (Wackernagel ve Rees,

1995).

WWEF (2012) benzer bir tanim yaparak, ekolojik ayak izini sdyle agiklamistir: “Mevcut teknoloji

ve kaynak yonetimiyle bir bireyin, toplulugun ya da faaliyetin tiikettigi kaynaklari {iretmek ve yarattig1
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atig1 bertaraf etmek icin gereken biyolojik olarak verimli toprak ve su alanidir. Ekolojik Ayak izi
“kiiresel hektar” (kha) ile ifade edilir. Buna altyapi ile atik karbondioksitin (CO2) emilimini saglayacak
bitki ortiisii igin gerekli alanlar da dahildir” (WWE, 2012, sf.6). Ekolojik ayak izi insanlarin faaliyetleri
nedeniyle olusan dogal kaynaklar iizerindeki talebi dl¢mektedir. Baska bir deyisle gezegenimizin
ormanlar, meralar, sulak alanlar gibi biyolojik olarak iiretken alanlar1 yani biyokapasiteye olan talebini
ifade eder (Liampa, Malandrakis, Papadopoulou ve Pnevmatikos, 2019). Ekolojik ayak izi arttikca
biyokapasite azalir. Bu nedenle siirdiiriilebilirligin 6l¢iitii olarak ekolojik ayak izinin biyokapasiteden
kiiglik olmasi gerekir. Ekolojik ayak izi kavrami, ekolojik siirdiiriilebilirligi daha iyi anlamamaizi saglar
ve harekete ge¢memiz i¢in bize somut bir ¢erceve sunar (Wackernagel, 1994). Ekolojik ayak izi kavrami,
egitim acisindan da goriiniir, erisilebilir ve anlamli araglar sunarak hem bireysel hem de toplumsal yasam
tarzimizin gevre tizerindeki etkilerini ortaya koymamiza yardimci olur (Barrett, Birch, Cherrett ve

Simmons, 2004).

Ekolojik ayak izi hesaplamasi kurumlarin siirdiiriilebilirlik performanslarini takip etmeleri ve
bireylerin ise siirdiiriilebilirlikle ilgili faaliyetler konusunda farkindalik kazanmalar1 agisinda da
onemlidir (Gottileb, Kissinger, Vigado-Gadot ve Haim, 2012). Ornegin, Gottlieb, Vigado-Gadot, Haim
ve Kissinger (2012) lise 6grencileriyle birlikte yaptiklar: bir ¢alismada 6grencileri ekolojik ayak izi
hakkinda kavramsal olarak bilgilendirdikten sonra, okullarin ekolojik ayak izini gida, enerji, ulasim ve
tilketim faaliyetleri agisindan hesaplamiglardir. Arastirmacilar ekolojik ayak izi konusunun okul
programinda yer almasinin pek ¢ok faydasi oldugunu belirtmislerdir. Ekolojik ayak izi okullarin
vizyonu haline geldiginde, o6grencilerin ¢evreye karsi olumlu tutum, farkindalik gelistirmelerine ve
cevreyi korumaya yonelik davranislar kazanmalarina yardimci olur (Gottlieb ve digerleri., 2012). Aymn
zamanda Dbireysel olarak yapilan ekolojik ayak izi hesaplamalar1 Ogrencilerin ekolojik
suirdiiriilebilirlikle ilgili bilgi ve anlayislarmi gelistirmelerini saglar (Collins, Galli, Patrizi ve Pulselli,
2018). Bu sebeple ekolojik ayak izi konusunun &gretim programlarinda yer verilmesi ve okullarda
Ogretilmesi oldukca 6nemlidir. Tiirkiye’de son yillarda yenilenen 6gretim programlarinda ekolojik ayak
izi konusunun yer aldig1 goriilmektedir. Ornegin, ortaokullar igin hazirlanan gevre egitimi ve iklim
degisikligi dersi 6gretim programinda Ogrencilerin tiiketim aligkanliklarinin gevre {izerine etkisini
anlayabilmeleri i¢in ekolojik ayak izi konusuna da yer verilmistir (MEB, 2022). Fen bilimleri dersi
Ogretim programinda ise siirdiiriilebilir kalkinma kavramina alti saat ayrilmistir (MEB, 2018).
Siirdiiriilebilir kalkinma kavraminin 6gretiminde ekolojik ayak izi nemli bir aractir. Ayrica lise 10. siruf
biyoloji dersi 6gretim programinda da ekolojik ayak izi konusu yer almistir ve bununla ile ilgili iki

kazanim goze ¢arpmaktadir:
a.” Ekolojik ayak izi, su ayak izi ve karbon ayak izi ile ilgili uygulamalar yaptirilir”.

b.“Ekolojik ayak izi, su ayak izi ve karbon ayak izini kii¢iiltmek i¢in ¢6z{im Snerileri gelistirmesi

saglanir” (MEB, 2018, sf. 21).
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Ekolojik ayak izi konusu siirdiiriilebilirlik i¢in egitim kapsaminda 6nemli bir potansiyele sahip
olmasina ragmen bu konu 6grenciler ve 6gretmenler tarafindan yeterince anlasilmamaktadir (Liampa
ve digerleri., 2019). Gottlieb, Vigoda-Gadot ve Haim (2013) ise ekolojik ayak izi kavraminin sadece
siirdiiriilebilirlik icin bir gosterge degil, ayni zamanda cevre sorunlarinin etkisinin anlasilmasinda
onemli bir egitim yaklasimi oldugunu vurgulamaktadir. Ekolojik ayak izi kavrami 6grencilerin ¢evre

dostu davranislar kazanmalarinda 6nemli bir arag olarak kullanilabilir (Gottlieb ve digerleri., 2013).
Alan Taramasi

Ulusal literatiirde egitim arastirmalarinda ekolojik ayak izi ile ilgili gesitli calismalar yer
almaktadir. Bu ¢alismalarin bazilar1 6grencilerin ya da 6gretmen adaylarinin ekolojik ayak izlerinin
hesaplanmasi ve degerlendirilmesi (Keles, Uzun ve Ozsoy, 2008; Keles, 2011) ve 6grencilerin ekolojik
ayak izi puanlar ile stirdiiriilebilir kalkinmaya yonelik tutumlari arasindaki iliskiyi incelemek
(Demirtas ve Cinici, 2019; Karakas, 2021) {izerinedir. Bazi ¢alismalarda ise ekolojik ayak izi odakl1 egitim
programlarinin hazirlanarak Ogrencilerin cevreye yonelik farkindalik, tutum ve davraniglarinin
gelistirilmesi amaglanmistir (6rn. Cetin, Giiven Yildirim ve Aydogdu, 2017; Karaarslan Semiz ve Cakir
Yildirim, 201). Son yillarda ise literatiirde ekolojik ayak izi farkindalik 6lgegi ile ortaokul 6grencilerinin,
Ogretmen adaylarmin ve oOgretmenlerin ekolojik ayak izi farkindaliklarinin belirlenmesi {izerine
calismalar yer almaktadir (6rn. Cikrik ve Yel, 2019; Demirkol ve Aslan, 2021; Giileg, 2022; Yigitkaya,
2019). Ancak bu calismalar 6grencilerin ekolojik ayak izini ne kadar iyi bildiklerini, bu konuyu anlama
diizeylerini ve kavram yanilgilarinin olup olmadigini ortaya koymamaktadir. Ulusal literatiirde

Ekolojik ayak izi ile ilgili herhangi bir tan testine rastlanmamustir.

Uluslararas: literatiirde ise ekolojik ayak izi odakli ¢evre egitimi ile 6grencilerin ¢evre dostu
davraniglarinin gelistirilmesi (Gottlieb ve digerleri., 2013), 6gretmen adaylarinin ekolojik ayak izlerinin
hesaplanmas1 ve degerlendirilmesi (O’Gorman ve Davis, 2013) ve yine 6grencilerin ekolojik ayak
izlerinin hesaplanarak, kisisel olarak tiiketim aliskanliklarinin gevreye olan etkisinin tartisilmasi
(Collins, Galli, Patrizi ve Pulselli, 2018) {izerine ¢alismalar yer almaktadir. Ancak 6grencilerin ya da
ogretmen adaylarmin ekolojik ayak izi konusu ile ilgili bilgilerinin 6l¢tildiigii yeterli galisma yoktur. Bu
nedenle Liampa ve digerleri. (2019) ekolojik ayak izi ile ilgili {i¢ asamal1 bir tani testi gelistirmislerdir.
Arastirmacilar test gelistirme asamasinda elde ettikleri bulgularda 6grencilerin testin en ¢ok gerekge ile
ilgili sorularinda zorlandiklarini, igerik bilgisi ilgi ilgili sorulara daha kolay yarit verdiklerini ve
ekolojik ayak izinin bilegenleri ile ilgili verdikleri yanitlardan en az emin olduklarini belirtmislerdir. Bu
ii¢ asamali tani testi ekolojik ayak izi egitim programlarinin degerlendirilmesinde ve ekolojik ayak izi
konusunun ne kadar iyi anlasildiginin olgiilmesinde kullanilabilir (Liampa ve digerleri., 2019). Bu
bakimdan Liampa ve digerlerinin (2019) gelistirdigi ekolojik ayak izi tan testi dnemli bir boglugu
doldurmustur. Fen Egitimi alaninda ise iki ya da {ii¢ asamali tani testleri gesitli alanlarda

kullanilmaktadir.
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Iki ya da ii¢ asamali tan testleri fen egitiminde 6gretmenlerin ya da 6grencilerin belli konularda
kavram yanilgilarinin belirlenmesinde uzun zamandir kullanildig: goriilmektedir (Arslan, Cigdemoglu
ve Moseley, 2012). Iki asamali tani testlerinde birinci asama igerik bilgisinden olusurken, ikinci asama
birinci asamada verilen yanitin gerekgesi ile ilgilidir (Pesman ve Yilmaz, 2010). Ug asamali tani
testlerinde ise {igiincii asamada Ogrencilere verdikleri cevaptan emin olup olmadiklar1 sorularak
ogrencilerin verdikleri cevaplar hakkinda daha dogru yargilara ulasilabilmektedir (Hasan, Bagayoko
ve Kelly, 1999; Ozden ve Yenice, 2017). Ug asamali tani testleri ise fen egitiminde cesitli 6grenme
alanlarinda kavram yamilgilarii belirlemek amaciyla kullanilmaktadir. Ornegin, fizikte elektrik
konusunda (Pesman ve Eryilmaz, 2010), cevre alaninda kiiresel 1sinma, sera etkisi, atmosfer gibi
konularda (Arslan ve digerleri, 2012, Cigdemoglu ve Arslan, 2017), kimyada maddenin halleri
konusunda (Kirbulut ve Geban, 2014) ve biyoloji alaninda biyolojik gesitlilik (Yen, Yao ve Mintzes, 2007)
ile genetik (Kili¢ ve Saglam 2009) konularinda kavram yanilgilarinin tespit edilmesinde kullanilmistir.
Ulusal alanyazinda ekolojik ayak izi konusunda kavram yarnilgilarini ortaya koyan bir calismaya

rastlanmamuistir.
Arastirmanin Onemi ve Amaci

Cocuklar okullarda bilimsel bilgiyi Ogrenirken zihinlerinde sentetik modeller, alternatif
kavramlar ya da kavram yanilgilar: olustururlar (Vosniadou, 2012, aktaran Liampa ve digerleri., 2019).
Ekolojik ayak izi kavrami 1990’larda ortaya atilmis olsa da ¢ocuklar icin yeni bir kavramdir. Liampa ve
digerleri (2019) ekolojik ayak izi kavrammin egitim alaninda yeni bir kavram oldugu ve bu konuda
kavram yanilgilari ya da alternatif kavramlarla ilgili daha fazla arastirma yapilabilecegini
belirtmiglerdir. Ozellikle Tiirkiye’de son yilllarda fen bilimleri, gevre egitimi ve biyoloji dersi 6gretim
programlarinda ekolojik ayak izi kavrami dikkat cekmektedir. Ekolojik ayak izi bireylerin ve
toplumlarin dogaya olan olumsuz etkilerini daha iyi anlamalarini ve ¢evreye yonelik olumlu tutum ve
davranis gelistirilmelerini saglar ve bu nedenle 6nemli bir egitim aracidir (Keles ve digerleri., 2008).
Ayrica ekolojik ayak izi kavrami okullarda 6grencilerin cevresel siirdiiriilebilirligi 6grenmeleri ve

harekete ge¢melerine yardimci olur (Gottlieb ve digerleri., 2013).

Ekolojik ayak izi ile ilgili verilen egitimlerin dncesinde ve sonrasinda 6grencilerin kavramlari
ne kadar 6grendigini 6lgmek icin ekolojik ayak izi kavram testi kullanilabilir (Liampa ve digerleri.,
2019). Egitimlerin etkinligini 6l¢mek icin ii¢ asamali tani testleri etkili birer 6l¢me aracidir (Arslan ve
digerleri., 2012). Alan yazinda goriindiigii gibi Tiirkiye’de ekolojik ayak izi ile ilgili ¢aligmalar
cogunlukla ekolojik ayak izi puanlarinin hesaplanmasi (6rn. Keles, 2011) ya da ekolojik ayak izi ile ilgili
farkindaliginin (6rn. Cikrik ve Yel, 2019) belirlenmesi tizerinedir. Ancak bu dlgekler 6grencilerin veya
Ogretmenlerin ekolojik ayak izi konusundaki kavramsal anlayislarini ve kavram yanilgilarini ortaya
¢ikarmamaktadir. Bagka bir deyisle, ekolojik ayak izi ile ilgili bir tani testi hentiiz gelistirilmemistir. Bu

nedenle Tiirkiye’de ekolojik ayak izi ile ilgili calismalarda verilen egitimlerin etkinligini 6l¢gmek igin iyi
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bir kavram tan testine ihtiya¢ oldugu goriilmektedir. Buradan yola ¢ikarak bu ¢alismada Liampa ve
digerlerinin (2019) gelistirdigi {ic asamali ekolojik ayak izi tami testinin Tiirk¢e’ye uyarlanmasi
amaclanmistir. Liampa ve digerleri. (2019) bu tani testini 6gretmen adaylari icin gelistirseler de, lise
O0gretim programinda ekolojik ayak izi konusu yer aldig1 i¢in 6lgek lise 6grencilerinin kullanimina da
uygundur. Olgegi gelistiren arastirmacilarla yapilan yazismalar da bunu desteklemistir. Gottlieb ve
digerleri. (2012) ekolojik ayak izi konusunun lise 6grencilerinin davranislarinin ve yaptiklari segimlerin
cevreye etkileri hakkinda elestirel olarak diistinmelerine yardimci olacagini belirtmektedir. Bu
bakimdan da lise 6grencilerinin ekolojik ayak izi hakkindaki kavramlar: ve kavram yanilgilarini ortaya
koyan bir 6l¢egin Tiirkge ye kazandirilmasi 6nemlidir. Bu sebeple Liampa ve digerleri. (2019) tarafindan
gelistirilmis {i¢ asamali ekolojik tani testinin Tiirk¢e'ye kazandirilmasina karar verilmistir. Boylece
ekolojik ayak izi odakli ¢evre egitimi programlarinin degerlendirilmesinde bu {i¢ asamali tani testi

kullanilabilir. Calismanin arastirma sorulari ise soyledir:

e Tiirkge'ye uyarlanmis ii¢ asamali ekolojik ayak izi testi lise 6grencilerinin ekolojik ayak izi
ile ilgili kavramsal anlayislarini belirlemeye yonelik gegerli ve giivenilir bir test midir?
o Tiirkce'ye uyarlanmis {i¢ asamali ekolojik ayak izi testine gore Lise 6grencilerinin ekolojik

ayak izine yonelik kavramsal anlayislar1 nelerdir?
Yontem
Calisma Grubu ve islem

Bu arastirma pilot ¢alisma ve ana c¢alismadan olugmaktadir. Uyarlamas: yapilan testlerde,
gerekli revizyonlarin yapilabilmesi icin pilot ¢alisma onerilmektedir (International Test Commission,
2017). Her iki uygulama Agr1 il merkezinde yer alan iki Anadolu lisesinde gergeklestirilmistir. Ekolojik
ayak izi kavrami 10. sinf biyoloji dgretim programinda yer aldig icin pilot ve ana ¢alismada lise
Ogrencileri drneklem grubu olarak segilmistir. Ayrica ¢alismanin gergeklestirildigi okullar konum
agisindan arastirmacilarin erisiminin kolay oldugu okullardir. Bu nedenle ¢alismada uygun 6rnekleme
ve amagcl orneklem yontemlerinden homojen 6rnekleme kullanilmistir (Etikan, Musa ve Alkassim,
2016; Fraenkel, Wallen ve Hyun, 2012). Calismanin evrenini Agr ilinde 6grenim goren 9. ve 10.smuf

Anadolu Lisesi 6grencileri olusturmaktadir.

Pilot calismaya 127 (65 kiz ve 62 erkek) 6grenci katilmistir. Bu 6grencilerin alanlar1 Matematik-
Fen olup, 10. sinif lise 6grencileridir. Ana ¢alismanin drneklemini ise Agr1 ilinde bulunan iki Anadolu
lisesinde 6grenim goren 9. ve 10. sinif toplam 397 6grenci (230 kiz, 151 erkek, 16 katiima cinsiyet

belirtmemistir) olusturmaktadir. Bu 6grencilerin alanlar1 da Matematik ve Fen Bilimleridir.
Uyarlama islemi

Ekolojik ayak izi ti¢ asamali taru testini gelistiren yazarlardan (Liampa, ve digerleri., 2019)

gerekli izinler alindiktan sonra calismanin yiiriitiilecegi okullar belirlenmistir. Testin ingilizce
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versiyonunda bulunan tiim maddeler arastirmacilar tarafindan Tiirkge’ye ¢evrilmistir. Cevirisi yapilan
tan1 testi uzman bir ekibe yollanmistir. Bu uzman ekip bir ¢evre miithendisi, bir makine miihendisi, bir
biyolog ve dil uzmanindan olusmaktadir. Tiim uzmanlarin arastirma alan: stirdiiriilebilirlikle ilgili
konulardir. Ornegin, makine miihendisligi alaninda uzman olan akademisyenin yenilebilir enerjinin
cevre, toplum ve ekonomi iizerine etkileri hakkinda akademik ¢alismalar1 bulunmaktadir. Biyoloji
alaninda uzman olan akademisyenin de siirdiiriilebilirlik ve ekoloji alaninda akademik c¢alismalar:
bulunmaktadir. Bu uzman ekip de tanmi testinin tiimiiniin ¢evirisini yapmuistir. Daha sonra,
aragtirmacilar bir araya gelerek, cevirileri karsilastirmis ve farkli olan ceviriler {izerinde karsilikli
goriismeler yapilarak tani testine son hali verilmistir. C)rnegin, orijinal ctimlenin “The amount of
biologically productive land and water area required to produce all the resources humans consume and
to absorb the waste they generate” cevirisinde iki farkli geviri ortaya cikmugtir. Birincisi: “Insanlarin
tiikettikleri biitiin kaynaklar: tiretebilmek ve ortaya ¢ikardiklar: atiklar atiklar: bertaraf edebilmek igin
gerekli olan biyolojik olarak verimli arazi ve su alani1 miktaridir”. Ikincisi: “Insanlarimn tiikettikleri biitiin
kaynaklari iiretebilmek ve ortaya ¢ikan atiklarin absorbe edilebilmesi i¢in gerekli olan biyolojik olarak
verimli arazi ve su alan1 miktaridir”. Cevre mithendisi uzman, “atiklarin bertaraf edilmesi” teriminin
atik yonetiminde ve Tiirkge’de siklikla kullanildigini belirttigi icin, birinci climlenin pilot ¢alismada
kullanilmasina karar verilmistir. Her bir madde ve secenekler i¢in ¢eviriler karsilagtirilmis ve farklilik
barindiran geviriler {izerinde tartisilmistir. Alan terminolojisi ve Tiirkge dil yapisi goz oniinde
bulundurularak, maddelere son hali verilmistir. Daha sonra, Tiirk¢ce geviriler dil uzmani tarafindan
ingilizceye ¢evrilmistir ve bu versiyonu orjinali ile karsilastirllmistir ve dil uzmanindan maddelerin
anlasilirig, terminoloji ve kiiltiirel uygunlugu hakkinda goriis alinarak {i¢ asamali tan testi pilot

uygulama icin uygun hale getirilmistir.

Liampa ve digerlerinin (2019) belirttigi {izere, ekolojik ayak izi 6grenciler igin yeni bir kavram
oldugundan dolay1 kavrami bilmeyen katilimcilara kavram ile ilgili bir egitim verilmesi ve ekolojik
ayak izi tani testinin bu egitim sonrasinda uygulanmasi gerekmektedir. Bu sebeple, pilot ve ana
uygulamada ekolojik ayak izi tani testi katilimcilara verilmeden 6nce, 6grencilere iki ders saati teorik
ve iki ders saati uygulamali olmak iizere toplam dort saatlik bir ekolojik ayak izi egitimi verilmistir. Bu
egitim biyoloji 0gretim programindaki ders kazanimlarina ve siiresine uygun olarak verilmistir.
Egitimin alan bilgisi olarak igerigini olusturan konular; ekolojik ayak izinin ne demek oldugu, ekolojik
ayak izi ve biyokapasite iliskisi, {ilkelerin ekolojik ayak izi karsilagtirmalari, ekolojik ayak izini azaltan
veya artiran insan faaliyetleri (gida, barinma, ulasim, enerji ve atiklar) sunus ve tartisma yontemleri ile
anlatilmigtir. Teorik dersin ardindan sif disinda ekolojik ayak izi, niifus artisi ve biyokapasite
arasindaki iligkiyi agiklayan bir etkinlik uygulanmistir (Karaarslan Semiz ve Cakir Yildirim, 2018). Bu
etkinlik ile 6grenciler olusturduklari farkh biiytiikliikteki gruplarda (gruplarin biiyiikliigii populasyonu
temsil ediyor) kendilerine sunulan 6rnek durumlar (6rn. agaclandirma yapmak yerine ¢im dikmek)

diisiinerek ekolojik ayak izinin hangi kosullarda arttignt ve azaldigi, hakkinda bir tartisma
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yurtitmiislerdir (Karaarslan Semiz ve Cakir Yildirim, 2018). Liampa ve digerlerinin (2019) 6nerdigi gibi
egitimden {i¢ hafta sonra tani testi katihmcilara uygulanmaistir. Ogrenciler, verecekleri cevaplarin ders
notlarini etkilemeyecegi konusunda ve calismanin amaci ile ilgili bilgilendirilmislerdir. C)grencilere tani

testini yanitlama siiresi yaklasik bir ders saati siirmiistiir.
Tiirkge’ye Uyarlanan Ekolojik Ayak izi Tan1 Testi

Liampa ve digerleri. (2019) tarafindan gelistirilen ekolojik ayak izi tam testi toplamda 13
sorudan olusup, bir, iki ve {i¢ asamal1 sorular1 icermektedir. Tani testinde yer alan sorulardan ilk iig
soru iki asamadan olusmaktadir. Bu {i¢ soruda birinci asama igerik bilgisini ve ikinci asama ise
Ogrencilerin verilen cevaplardan ne kadar emin olduklarini 6l¢mektedir. Bu tamnu testtinde yer alan
sorularin dokuz tanesi (soru 5, 6, 7, 8 ve 9) ii¢ asamalidir. Birinci asama igerik bilgisini, ikinci asama
birinci asamada verilen cevabin gerekgesini ve {i¢iincii asama ilk iki asamada verilen cevaplardan ne
kadar emin olduklarini 6l¢gmektedir. Kalan bir soru (soru 4) tek asamalidir. Bu soru dokuz alt sorudan
olusmaktadir ve yalniz igerik bilgisini kapsamaktadir. Bu tarnu testinde toplam madde sayis1 42’dir

(maddeler i¢in Ek1’e bakiniz).

Ekolojik Ayak Izi tan testini gelistiren aragtirmacilar testte yer alan sorulari iig kategoride ele
almistir. Bunlar, (1) Ekolojik ayak izinin kavramsal tamimi, (2) Ekolojik ayak izini etkileyen giinliik
aktiviteler ve (3) Ekolojik ayak izi bilesenleridir. Bu kategorilerde yer alan sorular Tablo 3’de
gosterilmistir. Ekolojik ayak izinin kavramsal taniminda dort soru bulunmaktadir. Bu sorular ekolojik
ayak izinin bilimsel tanimini, birimini, kullanim amacin ve ekolojik tahribati anlatan sorulardir.
Ekoloik ayak izini etkileyen gtinliik aktiviteler kategorisinde, ekoloik ayak izini arttiran ve azaltan insan
faaliyetleri, (6rn. organik gidalarin tiiketilmesi, parklarin agaclar yerine ¢imlerle yesillendirilmesi),
farkli yasam tarzlarinin ekolojik ayak izi tizerine etkisini kapsayan sorular yer almaktadir. Ekoloik ayak
izi bilesenleri kategorisinde et tiiketimi, yol ve bina yapimi, kagit tiiketimi, ¢op sahalari, 1sitma ve
sogutma sistemleri, ve deniz tirlinleri/balik¢ilik ile ilgili faaliyetlerin ekoloik ayak izine etkisi {izerine

sorular yer almaktadir (Liampa ve digerleri., 2019).
Verilerin Analizi

Ekolojik ayak izi tani testinde yer alan maddelerin nasil ¢alistigini ortaya koymak igin, madde
analizi yapilmistir. Veriler klasik test teorisine dayali olarak madde analizi yapan ve Brooks ve Johanson
(2003) tarafindan gelistirilmis TAP (Test Analiz Programi) programi ile analiz edilmistir. Bu analizde
madde giiclitk degeri, madde ayirt edicilik degeri ve KR-21 degerleri incelenmistir. Madde giiglitk
degeri soruyu dogru cevaplayanlarin yiizdesini ifade etmektedir (Crocker ve Algina, 1986). Crocker ve
Algina (1986) bu degerin 0.50'ye yakin olmasmi 6nerir. Madde giigliikk degeri 0.50’den uzaklagtik¢a
sorunun kolay oldugu, bu degerin altina diistiik¢e ise sorunun zor oldugunu gosterir. Henryssen
(1971)’e gore, maddenin nokta ift serili korelasyon degeri 0.30 ve 0.40 degerleri arasinda ise, madde

glicliik indeksi 0.40-0.60 arasinda olabilir. Henryssen (1971) biserial korelasyon igin referans deger
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olarak 0.30 ve {istii 6nermektedir. Maddenin biserial korelasyon degeri 0.60"1n tizerinde ise, daha genis
bir madde giiglitk degeri kabul edilebilir (Henryssen, 1971 Aktaran: Crocker ve Algina, 1986). Chase
(1999) ve Erkus (2006) madde gii¢liik degeri 0.20’den diisiik ve 0.85'den biiyiik maddelerin testte yer
almamasini onermektedir. Tekin (1996) ise basar1 testinin ortalama giicliik degerinin de 0.50’ye yakin

olmasinin uygun oldugunu belirtmektedir.

Madde ayirt edicilik degeri i¢in, taru testinde en yiiksek puan alan %27’lik bir grup ile en diisiik
puan alan %27’lik bir grup belirlenir ve bu gruplarin aldigr puanlar goz oniinde bulundurularak
hesaplanir. Bu deger testin basarili olanlar ve olmayanlari ne kadar iyi ayirt ettigini gosterir. Madde
ayirt edicilik degeri 0.30 ve iistiinde olan maddeler, ayirt edici madde olarak kabul edilir ve testte yer

almasi onerilir (Ebel ve Frisbe, 1991; Erkus, 2006).

Ekolojik ayak izi testinin giivenirligi i¢in ise, KR-20 degeri incelenmistir. Bu degerin 0.70 ve
{izeri olmasi, testin giivenirlik kriterini sagladigini gostermektedir (Salkind, 2010). Ogrencilerin
cevaplarindan emin olma diizeyi ile ilgili asagida aciklanan indeksler gz oniine almarak bazi

hesaplamalar yapilmistir:

(a) Genel emin olma ortalamasi (CF): Ogrencilerin dogru ya da yanlis cevaplari igin genel emin

olma ortalamasidir.

(b) Dogru yarutlar i¢in emin olma ortalamasi (CFC): Soruya dogru cevap veren 6grencilerin

cevaplarindan emin olma ortalamasidir.

(c) Yanlis yarutlar i¢in emin olma ortalamas: (CFW): Soruya yanlis cevap veren 0grencilerin

cevaplarindan emin olma ortalamasidir.

(d) Ortalama emin olma dogruluk orami [CAQ=(CFC-CFW)/6grencilerin soru ile ilgili emin
olma ortalamasinin standart sapmasi (SD)]. CAQ degeri 6grencilerin bildiklerini ve bilmediklerini ayirt
edip edemeyeceklerini gosteren standartlastirilmis emin olma ayirt edicilik degerini verir (Lundeberg,

Fox, Brown, ve Elbedour, 2000).

(e) Emin olma yanlilik degeri [CB= (CF-1)/5-her iki asamaya dogru cevap verenlerin yiizdesi].
Bu indekste, cevaptan emin olma derecesi 0 ila 1 arasinda bir deger alir (Liampa ve digerleri., 2019). CB
pozitif oldugunda, d6grencilerin cevaplari ile ilgili kendilerinden ¢ok emin olduklarini gosterir. Deger
negatif oldugunda, kendilerine giivensiz olduklar1 anlamina gelir ve CB sifira esit oldugunda,

miikemmel kalibrasyona sahip olduklar1 anlamini tasir (Stankov ve Crawford, 1997).
Aragtirmanin Etik izinleri

Yapilan bu ¢alismada “Yiiksekdgretim Kurumlar: Bilimsel Arastirma ve Yayin Etigi Yonergesi”
kapsaminda uyulmas: gereken tiim kurallar takip edilmistir. Yonergenin ikinci boliimii olan “Bilimsel
Arastirma ve Yaym Etigine Aykir1 Eylemler” bashgi altinda belirtilen durumlarin higbiri

gergeklestirilmemistir. Arastirmanin verileri Agr1 1l Milli Egitim Miidiirliigiinden gerekli uygulama
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izinleri alindiktan sonra 2017-2018 &6gretim yilinin bahar doneminde toplanmistir. Arastirmacilar
Ogrencileri arastirmanin amaci hakkinda bilgilendirmistir ve verileri goniilliiliik esasi1 goz oniinde

tutarak smuf ortaminda toplamislardir.
Bulgular
Pilot Calisma

Ekolojik ayak izi tam testinde yer alan toplam 30 madde ekolojik ayak izi ile ilgili igerik
bilgisinden (1.asama) ve gerekge boliimiinden (2. asama) olugsmaktadir. Bu maddeler i¢in KR-20 degeri
.66 bulunmustur. Ogrencilerin verdikleri cevaplarla ilgili kendilerinden ne kadar emin olduklarini 5lgen
12 maddenin Cronbach a giivenirlik katsayis1 degeri ise .81 olarak hesaplanmustir. Testin ortalama
madde giicliik indeksi 0.52, ortalama ayirt edici indeksi 0.29 olarak bulunmustur. Bu degerlerin de

alanyazinda onerilen araliklarda oldugu goriilmektedir (Tekin, 1996).

Tablo 1’de madde giigliik ve ayirt edicilik indeksleri degerlendirilmistir. 1. asama ve 2. asamada
yer alan sorularin madde giicliik degeri 0.20’den diisiik ve 0.85’den biiyiik yedi madde vardir; 1i, 3i, 4c,
6i, 7ii, 9ii ve 13i. Her iki asamanin madde giigliik indeksi incelendiginde, bes maddenin madde giigliik
indeksi referans degerin altindadir; soru 5, 7, 9, ve 11. Madde ayirt edicilik degeri 0.30’dan diisiik madde
sayist ise 14'tiir; 1i, 2i, 31, 4c, 4e, 5i, 6i, 6ii, 7ii, 9ii, 10ii, 11ii, 13i, 13ii. Her iki asamanin ay1rt edicilik indeksi
incelendiginde bes madde referans degerin altindadir. Bunlar, madde 5, 7, 9, 11 ve 13’diir. Bu maddeler
yeniden godzden gecirilmis ve ana calisma igin degistirilmistir. Maddeler uzman goriislerine
bagvurularak yeniden giincellenmistir. Ornegin, 1i (Ekololojik ayak izinin tanimi) sorusunun dogru
yanitindaki climle yapisi degistirilmistir. Pilot calismada bu yamit “insanlarin tiikettikleri tiim
kaynaklari tiretmek ve olusturduklar: atiklar: bertaraf etmek igin gereken, biyolojik agidan verimli kara
ve su parcast miktaridir” seklinde kullanilmisti. Bu climlede kullanilan “bertaraf” kelimesinin
Ogrenciler tarafindan anlasilmamasi durumu olabileceginden ciimle ana c¢alisma igin daha basit bir
forma getirilerek su sekilde degistirildi: “ Insanlarin gereksinimlerini karsilamak ve ortaya ¢ikardiklar:
atiklarin yok edilmesi igin biyolojik acidan verimli olan karasal ve sulak alanlarin miktarini gosterir.”
Yapilan degisiklikler hakkinda uzmanlardan tekrar goriis alinmistir. Ornegin, bu degisiklik ile ilgili
alan uzmanlari, bu ciimlenin ekolojik ayak izi tanimini bilimsel olarak karsiladig: ile ilgili goriis
belirtmislerdir. Yukarida belirtilen madde giicliik indeksi ve ayirt edicilik indeksi referans degerlerin
altinda olan maddelerle ilgili diizeltmeler yapilip, uzmanlardan da goriis alindiktan sonra tani testi ana

calisma icin hazir hale getirilmistir.

Ogrenciler verdikleri cevaptan emin goriinmektedirler (ortalama CF=4.03). Dogru cevap
verdiklerinde de kendilerinden emin olduklar1 ortaya ¢ikmistir (ortalama CFC=4.19). Ancak yanlis
cevap verdiklerinde de, kendilerinden emin olduklari (ortalama CFW=3.94) bulunmustur. Dogru cevap
veren Ogrencilerde, 12 sorudan 9'unda verdikleri cevaptan asir1 emin olduklari (>4), yanlis cevap veren

ogrencilerde 12 sorudan 5’inde asir1 emin olduklar1 gézlenmistir. Ortalama emin olma dogruluk orar
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(CAQ) degeri 0.18 bulunmustur. Bu deger, 6grencilerin neyi bildiklerini ve bilmediklerini ayirt
edemediklerini gostermektedir. Ortalama emin olma yanlilik degeri de her bir madde igin
hesaplanmuistir. Ortalama emin olma yanlilik degeri (CB) de 0.04 bulunmustur. Bu degerin sifirdan
farkli ve pozitif olmasi genel olarak ogrencilerin cevaplarindan emin oldugunu gostermektedir. CB
degeri madde bazinda incelendiginde hem pozitif hem negative degerlerin oldugu bulunmustur. Testte
yer alan maddelerden 7 tanesinin CB degerinin negatif oldugu bulunmustur. Bu maddelerle ilgili
Ogrencilerin kendilerine giivensiz oldugu sonucuna varilabilir. CB degerinin pozitif oldugu 5 madde
bulunmustur. Bu maddelerle ilgili olarak da, 6grencilerin kendilerinden ¢ok emin oldugu sonucuna

varilabilir. Tablo 1’de pilot calismadan elde edilen madde istatistikleri sunulmaktadir.

Tablo 1. Pilot calismanin madde istatistikleri

Madde giigliik Ayirt edicilik Biserial Emin olma
indeksi indeksi korelasyon
CF CFC CFW CAQ (B
(] < ] ] < ]
g E =« E E T E E
(] < 3} % (] ] 3} % < ]
— o T & < ol T & « Y
1 0.06 - - 011 - - 033 - 419 450 417 029 0.58
2 0.80 - - 027 - - 037 - 436 449 379 050 -0.13
3 0.16 - - 0.04 - - 013 - 402 415 399 012 044
4a 0.61 - - 045 - - 049 - - - - - -
4b 0.84 - - 0.30 - - 0.66 - - - - - -
4c 0.87 - - 021 - - 0.58 - - - - - -
4d 0.83 - - 040 - - 078 - - - - - -
4e 040 - - 017 - - 029 - - - - - -
4f 0.80 - - 0.39 - - 057 - - - - - -
4g 047 - - 0.39 - - 038 - - - - - -
4h 0.83 - - 0.33 - - 071 - - - - - -
4i 0.69 - - 0.54 - - 0.66 - - - - - -

5 029 028 009 016 032 015 012 032 342 383 338 033 019
6 087 057 053 021 020 029 054 026 453 471 433 028 -0.16
7 054 014 008 053 005 012 053 006 387 450 382 048 0.03
8 080 025 024 038 037 038 065 048 420 439 414 017 -0.16
9 072 0.03 0.02 030 0.02 0.05 051 036 443 433 444 -0.08 -0,03
10 069 030 023 040 024 038 046 026 3.69 397 3.6l 026 -0.15
11 039 011 009 047 0.08 010 047 023 395 373 397 -015 0.20
12 055 041 033 055 043 038 052 043 3.06 319 300 012 -0.14
13 094 020 019 012 019 021 072 017 4.65 454 468 -011 -0.21
Mean 0.63 025 020 032 021 023 050 029 403 419 394 018 0.04
SD 025 016 016 015 014 013 018 013 047 044 047 022 0.26
Not. CF: Genel emin olma ortalamasi. CFC: Soruya dogru cevap veren &grencilerin cevaplarindan emin olma
ortalamasi. CFW: Soruya yanlis cevap veren 6grencilerin cevaplarindan emin olma ortalamasi. CAQ: Ortalama
emin olma dogruluk orani. [CAQ=(CFC-CFW)/6grencilerin soru ile ilgili emin olma ortalamasinin standart
sapmasi (SD)]. CB: Emin olma yanlilik degeri [CB= (CF-1)/5-her iki asamaya dogru cevap verenlerin ytiizdesi].
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Ana Caligma

Pilot calismada elde edilen sonuglara gore, gerekli diizenlemeler yapilarak ana calisma
gergeklestirilmistir. Pilot ¢alismadan elde edilen verilerin analizinden sonra testten hi¢ bir madde
¢ikarilmamustir. Yapilan madde analizi sonucuna gore, icerik bilgisi ile gerekge boliimiinde yer alan 30
sorunun KR-20 degeri 0.77 bulunmustur. Pilot ¢alismadan elde edilen giivenirlik katsayisinin ana
calismada arttig1 gozlenmistir. TAP analizinden ele edilen verilere gore, testin ortalama madde gticlitk
indeksi 0.58, ortalama ayirt edicilik degeri 0.38 bulunmustur. Tablo 2’ye gore, 1. asamanin, 2. asamanin
ve her iki agsamanin ortalama madde ayirt edici degeri sirasiyla 0.65, 0.40 ve 0.34 ¢ikmustir. Ortalama
ayirt edicilik degerleri de bu asamalar igin sirasiyla 0.36, 0.40 ve 0.44 cikmistir. Ogrencilerin verdikleri
cevaplarla ilgili kendilerinden ne kadar emin olduklarini 6l¢en maddeler i¢in Cronbach a degeri 0.85
bulunmustur. Tiim bu degerler Onerilen deger araliklarinda oldugu igin, tiim maddelerin testte
tutulmasina karar verilmistir. Ana calismadan elde edilen madde analiz sonuclar1 her bir madde icin
de incelenmistir ve sonuglar Tablo 2'de gosterilmistir. Bu tablo olusturulurken, birinci asamadaki
sorulara dogru cevap verenler bir olarak kodlanmis, yanls cevap verenler sifir olarak kodlanmustur.
Ikinci asamada yer alan sorulara dogru cevap verenler bir, yanlis cevap verenler sifir olarak
kodlanmistir. Son olarak, her iki asamaya (1. ve 2. asama) dogru cevap verenler bir olarak kodlanmas,
digerleri ise sifir olarak kodlanmistir. Birinci asama, ikinci asama ve her iki asama i¢in madde analiz

istatistikleri yapilmis ve Tablo 2’de sunulmustur.

Tablo 2. Ana calismanin madde istatistikleri

Madde giigliik Ayirt edicilik Biserial Emin olma
indeksi indeksi korelasyon
CF CFC CFW CAQ (B

] ] ] ] < ]

& < T 8 o < T3 ©

= d T & 4 &a ITd& 4 o
1 0.18 - - 0.02 - - 0.03 - 399 353 399 -034 040
2 083 - - 034 - - 041 - 435 463 294 112 -0.16
3 0.53 - - 0.30 - - 024 - 397 420 369 039 0.06
4a 0.63 - - 0.30 - - 031 - - - - - -
4b 0.85 - - 0.36 - - 049 - - - - - -
4c 077 - - 044 - - 049 - - - - - -
4d 0.84 - - 041 - - 0.58 - - - - - -
de 039 - - 023 - - 019 - - - - - -
4f 073 - - 037 - - 039 - - - - - -
4g 0.55 - - 032 - - 029 - - - - - -
4h 078 - - 0.38 - - 048 - - - - - -
4 0.66 - - 040 - - 041 - - - - - -

5 053 036 025 019 030 028 012 023 390 463 365 065 0.05
6 077 0.62 057 040 053 056 043 044 417 464 353 072 -0.14
7 053 036 028 058 041 043 048 034 378 456 346 0.67 0.03
8 078 050 047 048 0.60 066 055 044 413 460 371 059 -0.15
9 075 011 0.09 040 0.08 011 044 012 428 444 426 012 -0.09
10 063 034 027 053 038 049 046 031 376 421 359 040 -0.08
11 047 042 036 050 049 038 039 036 379 4.09 362 030 0.09
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12 054 042 034 057 044 050 047 035 328 372 303 044 -0.08
13 091 047 043 015 041 055 033 033 432 463 409 036 -025
Mean 0.65 040 034 036 040 044 038 032 398 432 363 045 -0.03
SD 0.18 0.14 0.14 014 0.15 017 014 010 030 038 038 036 0.17

Not. CF: Genel emin olma ortalamasi. CFC: Soruya dogru cevap veren 6grencilerin cevaplarindan emin olma

ortalamasi. CFW: Soruya yanlis cevap veren 6grencilerin cevaplarindan emin olma ortalamasi. CAQ: Ortalama
emin olma dogruluk orani. [CAQ=(CFC-CFW)/6grencilerin soru ile ilgili emin olma ortalamasinin standart
sapmasi (SD)]. CB: Emin olma yanlilik degeri [CB= (CF-1)/5-her iki asamaya dogru cevap verenlerin ytiizdesi].

Ana calismada yer alan madde istatistik sonuglar1 incelendiginde, birinci ve ikinci asama
sorular i¢in madde giigliik indeksi 0.20’den kiigiik iki madde oldugu goriilmiistiir. Bu maddeler 1i
(ekolojik ayak izinin kavramsal tanimi) ve 9ii (kagit tiiketiminin ekolojik ayak izine etkisinin gerekgesi)
maddeleridir. Her iki maddenin madde giicliik indeksleri pilot ¢alismaya gore artsa da, 0.20 degerinin
altinda ¢tkmustir. Ayrica bu maddelerin ayirt edicilikleri de diisiik ¢ikmistir. 1i maddesinin madde
giicliik indeksi 0.20 degerine ¢ok yakin oldugundan ve testin giivenirligi de iyi durumda oldugundan
bu maddelerin testte tutulmasma karar verilmistir. Testin orjinal halinde de 9ii maddesinin madde
glicliik indeksi referans degerin altinda ¢gikmistir. Ancak testin yapi gegerliligini korumak icin Liampa
ve digerleri. (2019) bu maddeyi testte tutmaya karar vermislerdir. Bu ¢alismada da benzer bir sonug
elde edildiginden, testin orijinal formunda alman karar goz oniinde bulundurularak, bu maddenin
Tiirkge versiyonunda yer almasina karar verilmistir. Her iki asamanin madde giicliik indeksi 0.20’den
kiiciik olan bir madde ¢ikmistir; 9. madde (kagit tiiketiminin ekolojik ayak izine etkisi). Bu maddenin
icerik bilgisini 6grencilerin %751 dogru cevaplamasina ragmen gerekgce sorusunu yalnizca %11'i, her
iki asamay1 da %9u dogru yanitlamistir. Madde giiglitk indeksi 0.85'den biiyiik bir madde vardir
(madde 13). Bu madde evin bahgesinde sebze yetistirmenin ekolojik ayak izine etkisi ile ilgilidir.
Ogrencilerin %91’i bu soruyu dogru cevaplamasina ragmen, dgrencilerin yalnizca %47’si bu sorunun

gerekgesini (13ii) dogru yanitlamislardir.

Madde ayirt ediciligi referans degerin (0.30) altinda ¢ikan maddeler; 1i, 4e, 5i, 9ii, ve 13i'dir. Bu
maddelerden 1i, 9ii ve 13i maddelerinin ayirt edicilikleri testin aslinda da 0.30’un altinda ¢ikmustir. 4e
ve 51 maddelerinin ise madde giigliik indeksleri referans degerleri igindedir. Testin giivenirligi 0.70"in
iizerinde oldugu igin, ortalama madde giiclitk indeksi ve ortalama ayirt ediciligi referans degerleri
icinde yer aldigindan ve elde ettigimiz sonuglar testin aslinda elde edilen degerlerle benzerlik
gosterdiginden, bu maddelerin testte tutulmasina karar verilmistir. Ayrica {i¢ asamali tan1 testlerin
giicliik indeksleri ve ayirt edicilikleri tek asamali tar testlerine gore oldukca diisiik sonuglar verdigi
literatiirde vurgulanmaktadir, bu da ii¢ asamali tani testlerinin dogasindan kaynaklanmaktadir

(Cigdemoglu ve Arslan, 2017; Pesman ve Eryilmaz, 2010).

Tablo 2’ye gore, dgrenciler verdikleri cevaplardan oldukca emin goriinmektedirler (ortalama
CF=3.98). Sorulara dogru cevap veren dgrencilerin kendilerinden ¢ok emin olduklar: ortaya ¢ikmistir
(ortalama CFC= 4.32). Sorulara yanlis cevap verenlerin ise kendilerinden daha az emin olduklar:

(ortalama CFW= 3.63) goriinmektedir. Sorulara dogru cevap veren 6grencilerde, 12 sorudan 10'unda
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verdikleri cevaptan asir1 emin olduklar1 (>4), yanlis cevap veren 6grenciler de, 12 sorudan iki tanesinde
(soru 9 ve 13) asir1 emin olduklar1 gozlenmistir. Ortalama emin olma dogruluk orani (CAQ) degeri 0.45
bulunmustur. Bu deger, Ogrencilerin testin genelinde neyi bildiklerini ve bilmediklerini ayurt
edebildigini gostermektedir. Bu deger soru bazinda incelendiginde, ii¢ soru (soru 1, 9 ve 11) disinda
tim maddlerin CAQ degernin yiiksek oldugu (0.30’dan biiyiik) gozlenmistir. Soru 1, 9 ve 11’de
ogrenciler neyi bildiklerini ve bilmediklerini ayirt edemeseler de, kalan sorularda bu ayrim
yapabildikleri g6zlenmistir. Soru 1’de negatif ¢ikan CAQ degeri verdikleri cevapla ilgili, soruyu yanhs
cevaplayan Ogrencilerin dogru cevaplayanlardan daha ¢ok kendilerinden emin olduklarim
gostermektedir. Ortalama emin olma yanlilik degeri (CB) ise negatif bulunmustur (-0.03, SD: 0.17). Bu
da Ogrencilerin genel olarak sorulara verdikleri cevaptan kendilerine giivensiz olduklarim
gostermektedir. Madde bazinda incelendiginde, 6grencilerin 5 soruda (soru 1, 3, 5, 7, ve 11) cevaplarina
¢ok giivendikleri, yedi soruda (soru 2, 6, 8, 9,10, 12, ve 13) cevaplari ile ilgili giivensiz hisettiklerini
gostermektedir. CB degeri 0 olan madde gozlenmemistir. Sonug olarak, ogrenciler ekolojik ayak izi
testinin genelinde neyi bildiklerini ve bilmediklerini ayirt etseler de, cevaplar ile ilgili kendilerini

glivensiz hissetikleri ortaya ¢ikmistir.
Ogrencilerin Ekolojik Ayak izi Konusuna Yonelik Kavramsal Anlayislart

Ekolojik ayak izi tani testinde yer alan her bir sorunun her bir asamasi i¢in dogru yantlarinin

ylizdeleri Tablo 3’de gosterilmektedir.

Tablo 3. Her bir soru icin dogru yamitlama yiizdeleri (ana ¢alisma, n=397).

Kategoriler Sorular Dogru cevaplar Yiizdelik
(dogru
yanit)

Ekolojik ayak  1i.Ekolojik ayak izi nedir? Insanlarin gereksinimlerini 18

izinin karsilamak ve ortaya

kavramsal cikardiklar: atiklarin yok

tanimi edilmesi i¢in biyolojik

acidan verimli olan karasal
ve sulak alanlarin miktarini
gosterir.

ii. Verdiginiz cevaptan ne kadar Eminim/Cok eminim/ 75
eminsiniz? Kesinlikle eminim
2i. Ekolojik ayak izi nasil 6l¢iiliir? Kisi bagina diisen kiiresel 83
hektar
ii. Verdiginiz cevaptan ne kadar Eminim/Cok eminim/ 76
eminsiniz? Kesinlikle eminim
3i. Ekolojik ayak izi bize Tiikettigimiz dogal 53
asagidakilerden hangisi ile ilgili bilgi ~ kaynaklar1 goz oniinde
verir? bulundurarak
diinya tizerindeki baskimizi
degerlendirmemizi saglar.
ii. Verdiginiz cevaptan ne kadar Eminim/Cok eminim/ 73
eminsiniz? Kesinlikle eminim
5i. Biyokapasite, yerytiziintin insanin ~ Tiirkiye 53

doga tizerindeki baskisini
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tasiyabilme sinirlilig1 anlamina
gelmektedir. Bir yerdeki ekolojik
ayak izinin biyokapasiteyi asmasi
oradaki dogal kaynaklarin azalmaya
basladigini gosterir. Ornegin, 2012
yilinda Tiirkiye'nin ekolojik ayak izi
2.70 kiiresel hektar ve kisi bagina
diisen biyokapasite orani 1.30 kiiresel
hektardi. Norve¢'in ise ekolojik ayak
izi 4.92 kiiresel hektar ve kisi bagina
diisen biyokapasite orani 5.40 kiiresel
hektardir.

Hangi iilke ekolojik tahribat

yasamistir?
ii.Yukarida Tiirkiye ve Norveg ile Ekolojik tahribat bir 36
ilgili soruya verdiginiz cevabin niifusun ekolojik ayak
nedeni nedir? izinin, o niifusa ait biyolojik
kapasiteyi asma miktarin
temsil eder.
iii Verdiginiz cevaptan ne kadar Eminim/Cok eminim/ 69
eminsiniz? Kesinlikle eminim
Ekolojik ayak  4a. Her yemekte et, siit ve bunlardan = Ekolojik ayak izini artirir. 63
izini etkileyen  yapilan iiriinlerin tiiketilmesi
giinliik 4b. Ticari olanlar yerine koyliilerin Ekolojik ayak izini azaltir 84
aktiviteler bahgesinde iirettigi sebzelerin
tiiketilmesi
4c. Organik gidalarin tiiketilmesi Ekolojik ayak izini azaltir 77
4d. Giysilerin elektrikli kurutucuile  Ekolojik ayak izini artirir. 84
kurutulmas
4e. Parklarin agagclar yerine ¢imlerle ~ Ekolojik ayak izini artirir. 38
yesillendirilmesi
4f. Giysilerin aile bireyleri ve Ekolojik ayak izini azaltir 73
arkadaslarla degis tokus edilmesi
4g. Alisverigleri yakin cevrede Ekolojik ayak izini azaltir 54
bulunan yerlerden yapilmasi
4h. Yeniden sarj edilebilir pillerin Ekolojik ayak izini azaltir 78
kullanilmasi
4i. Cesitli otomobiller ve vasitalarla Ekolojik ayak izini artirir. 67
ulasimin saglanmasi
13.i Evin bahgesinde sebze Evet 91
yetistirmenin ekolojik ayak izini
azaltmada etkisi var midir?
ii. Yukarida verdiginiz cevabin Evin bahgesinde sebze 47
nedeni nedir? yetistirmek sebzelerin
islenmesi ve tasinmasi i¢in
gereken enerjiyi biiyiik
Olctide azaltir.
iii. Verdiginiz cevaptan ne kadar Eminim/Cok eminim/ 81
eminsiniz? Kesinlikle eminim
6i.Hangi yerlesim yerinin ekolojik Yerleske A 77
ayak izi daha biiytiktiir?
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ii. Yukaridaki yerlesim yerleriyle B yerleskesindeki aile, 62
ilgili soruya verdiginiz cevabin ihtiyaclarinin bir kismini
nedeni nedir? evde
tirettikleri tirtinlerle
kargilamakta ve atiklarinin
bir kismini geri
dontistiirmektedir.
iii Verdiginiz cevaptan ne kadar Eminim/Cok eminim/ 76
eminsiniz? Kesinlikle eminim
Ekoloik ayak  7.. Et tiiketimi ekolojik ayak izini Ekoloijik ayak izini arttirir 53
izi bilegenleri  nasil etkiler?
ii. Yukarida et tiiketimi ile ilgili Hayvanlarin beslenmesi,
soruya verdiginiz cevabin nedeni etin taginmasi, tiiketimi ve 35
nedir? ortaya ¢ikan hayvansal
atiklarin yok edilmesi icin
biiyiik miktarda yem, su ve
enerji kullanilir
iii. Verdiginiz cevaptan ne kadar Eminim/Cok eminim/ 65
eminsiniz? Kesinlikle eminim
8.i. Yol ve bina yapimi ekolojik ayak ~ Ekolojik ayak izini artirir. 79
izini nasil etkiler?
ii.Yukarida yol ve bina yapimu ile Biyolojik agidan verimli 50
ilgili soruya verdiginiz cevabin olan topraklar yol ve bina
nedeni ne olabilir? yapimi
i¢in isgal edilir ve bu ingaat
isleri i¢in enerji kullanilir.
iii. Verdiginiz cevaptan ne kadar Eminim/Cok eminim/ 77
eminsiniz? Kesinlikle eminim
9i. Kagit titketimi ekolojik ayak izini ~ Ekoloijik ayak izini artirir. 75
nasil etkiler?
ii.Yukarida kagit tiiketimi ile ilgili Kagt tiretimi igin, 11
soruya verdiginiz cevabin nedeni karbondioksiti 6ziimseyen
nedir? agaglar kesilir ve enerji
tiiketilir. Bu durum ekolojik
ayak izini etkiler.
iii. Verdiginiz cevaptan ne kadar Eminim/Cok eminim/ 79
eminsiniz? Kesinlikle eminim
10.i. COp sahalar: (kat1 atik sahalart)  Ekolojik ayak izini artirir. 63
ekolojik ayak izini nasil etkiler?
ii. Yukarida ¢op sahalari ile ilgili Cop sahalarinda, yeniden 34
soruya verdiginiz cevabin nedeni kullanilabilecek dogal
nedir? kaynaklar kaybedilir, atik
yOnetimi i¢in enerji harcanir
ve karbondioksit salinimi
gerceklesir.
iii. Verdiginiz cevaptan ne kadar Eminim/Cok eminim/ 63
eminsiniz? Kesinlikle eminim
11.i. Binalarin 1sitilmasi ve Ekolojik ayak izini artirir. 48
sogutulmasi ekolojik ayak izini nasil
etkiler?
ii. Binalarin 1sitilmasi ve sogutulmas:  Isitma/sogutma ve bu 42

hangi nedenle ekolojik ayak izini
etkiler

islemler icin gerekli arag
gereglerin iiretiminde
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genellikle fosil yakitlardan
iiretilen enerji kullanilir. Bu
da, atmosferde
karbondioksit salinimini

arttirir
iii. Verdiginiz cevaptan ne kadar Eminim/Cok eminim/ 66
eminsiniz? Kesinlikle eminim

12i. 1kg Sardalya balig1 ile 1 kg Ton Ekolojik ayak izini artirir. 54
baliginin tiitketimi

iliskilendirildiginde, Ton balig1

tiiketiminin ekolojik ayak izine etkisi

nedir
ii. Yukarida ton balig1 tiiketimi ile Sardalyalar besin zincirinde 42
ilgili soruya verdiginiz cevabin ton baligindan daha diisiik
nedeni nedir? bir seviyede oldugundan, 1

kg Sardalya tiretimi i¢in

daha az enerji gereklidir.
iii. Verdiginiz cevaptan ne kadar Eminim/Cok 48
eminsiniz? eminim/Kesinlikle eminim

Bu tabloya gore (Tablo 3), icerik bilgisine (birinci asama) dogru verilen cevaplarin ortalama
orani %65 (SD=17.5, min: %18, max: %91), gerek¢e boliimiine (ikinci asama) verilen dogru cevaplarin
ortalama orani %40 (SD=13.9, min: %11, max: %62) iken, verdikleri cevaplardan emin olanlarin ortalama
orani %71 (SD= 9.18, min: %48, max: %81) bulunmustur. Ekolojik ayak izinin kavramsal tanimu ile ilgili
sorularin (1. asama ve 2. asama) dogru cevaplanma orani ortalamast %49 (SD= 24.07, min: %17, max:
%83) ve bu alanda yer alan sorulara verilen cevaptan emin olma orani ortalama %73 (SD= 3.10, min:
%69, max: %76) olarak bulunmustur. Giinliik aktivitelerin (6rn. organik gidalarin tiiketilmesi, giysilerin
arkadaslar arasinda degis tokus edilmesi) ekoloik ayak izine etkisi ile ilgili sorulara verilen dogru
cevaplarin orani ortalama %69 (SD= 15.6, min: %38, max: %91) ve bu alanda yer alan sorulara verilen
cevaptan emin olma orani ortalama %79 (SD: 3.6, min: 76, max: 81) bulunmustur. Son olarak, ekoloik
ayak izi bilesenleri (6rn. et tiiketimi, kagt tiiketimi, ¢p sahalar1) alaninda yer alan sorularin dogru
cevaplanma orani ortalama %49 (SD= 18.5, min: %11, max: %79) ve bu alanda yer alan sorulara verilen
cevaptan emin olma orani ortalama %66 (SD=11.2, min: 48, max: 79) olarak bulunmustur. Bu bulgulara
gore, Ogrenciler icerik bilgisi ile ilgili sorularin g¢oguna (%65) dogru yamt verirken, gerekce
boliimiindeki sorular 6grencilerin cevaplamada en ¢ok zorlandiklar1 sorular olmustur (%40). Ayrica
Ogrenciler, giinlitk aktivitelerin ekolojik ayak izine etkisi ile ilgili sorular1 daha kolay yarmitlarken,
ekoloik ayak izinin kavramsal tanimi ve bilesenleri ile ilgili sorularda zorluk yasamislardir. Ayni
zamanda Ogrenciler en ¢ok giinliik aktivitelerin ekoloik ayak izine etkileri ile ilgili yanitlarindan

emindir (%79). Ogrencilerin asamalara gore dogru cevap yiizdeleri Sekil 1’de verilmistir.
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Sekil 1. Ogrencilerin agsamalara gore dogru cevap yiizdeleri (ana ¢alisma, n=397).

Birinci sorudan {i¢iincii soruya kadar olan sorular iki asamali, besinci sorudan 13. soruya kadar
olan sorular ise {i¢ asamalidir. Dord{iincii soruda ikinci ve {iciincii asama yer almadigindan grafikte yer
verilmemistir. Sekil 1'de Ogrencilerin ii¢ asamaya verdikleri cevaplarin ortalama oranlari
gosterilmektedir. Yalmiz birinci asamada, 6grencilerin igerik bilgisine verdikleri dogru yanitlar goz
oniine alinmistir ve dogru cevaplar “1” yanlig cevaplar “0” olarak kodlanmustir. ilk iki asamada hem
igerik bilgisine hem gerekge boliimiine dogru verilen yanitlar “1” olarak kodlanmis, digerleri “0” olarak
kodlanmistir. Ug asamanin tiimiinde her iki asamay1 dogru cevaplandirip, verdikleri yanittan emin, ok
emin ve kesinlikle emin olanlar “1” olarak kodlanmus, ve digerleri “0” olarak kodlanmistir. Buna bagh
olarak, 6grencilerin dogru cevap oranlar1 hesaplanmistir ve Sekil 1’de yer alan grafik olusturulmustur.
Sekil 1’de de goriildiigii gibi, asama sayist arttikga, dogru yanit oran1 da azalmustir. Ik ti¢ soru igerik
bilgisi ve bu boliime verilen cevaptan emin olma dereceleri ile ilgili oldugundan, iki asamasi vardir ve
ilk iki asama hesaplanirken birinci soruya dogru yanit verip verilen cevaptan emin, ¢ok emin ve
kesinlikle emin olanlar “1” olarak kodlanmustir, diger alternatifler “0” olarak kodlanmistir. Bu ilk iig
soruda yalniz birinci asamanin ortalamasi %51 iken, ilk iki asamada bu oran %43’e diismiistiir. Iki
asamali sorularda ilk iki asamada en ¢ok dogru yanitlanan soru ikinci soru (ekolojik ayak izinin birimi)
olmusken, dogru yanitin en az oldugu soru ise soru 1 (ekolojik ayak izinin tanim1) olmustur. Soru 5-13
arasinda yer alan sorular ii¢ asamalidir. Bu sorular icin de, yalniz birinci asamanin ortalamasi %66 iken,
hem igerik bilgisine hem de gerekge sorularina dogru yanit verenlerin oram1 %34’e diismiis ve {iig
asamanin tiimii icin bu oran %28’e kadar diismiistiir. U¢ asamali sorular arasinda ii¢ asamanin tiimiinde
dogru yanit oranmin en fazla oldugu soru %49 oran ile 6. soru (hangi yerlesim yerinin ekolojik ayak izi

en biiyiiktiir?) olurken, en az dogru yanitin oldugu soru %7 oranla 9.soru (kagt titketiminin ekolojik
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ayak izine etkisi) olmustur. Sonug olarak, asama sayis1 arttik¢a, sorularin dogru cevaplanma oranlari

diigmiistiir.
Tartisma, Sonug ve Oneriler

Bu calisma, lise 6grencilerinin ekolojik ayak izi konusuna yonelik kavramsal anlayislarini
Ol¢mek i¢in kullanilabilecek olan ti¢ asamali ekolojik ayak izi tani testinin Tiirkce’ye uyarlanmasiyla
ilgilidir. Testin orjinali Liampa ve digerleri. (2019) tarafindan gelistirilmistir. Tiirk¢e’te uyarlanan testin
icerigi orjinali ile ayn1 olup, sadece besinci soru Yunanistan'in ekolojik ayak izi ve biyokapasitesi
hakkinda oldugundan, bu soru Tiirkiye'nin ekolojik ayak izi ve biyokapasite degerleri iizerine yeniden
olusturulmustur. Hem Yunanistan'in hem de Tiirkiye'nin ekolojik ayak izi biyokapasitesinden fazla
oldugundan, sorunun igeriginde yalnizca sayisal degerler farklidir. Kalan sorularin igerigi ise orjinali

ile ayrdir.

Testin giivenirligi hakkinda KR-20 degeri hesaplanmis ve bu deger ana calismada 0.77
bulunmustur. Ogrencilerin verdikleri cevaplarla ilgili kendilerinden ne kadar emin olduklarini &lgen
maddeler i¢in Cronbach a degeri 0.85 bulunmustur. Testin orjinal formunda testin KR-20 degeri 0.79 ve
katilimcilarin verdikleri cevaptan ne kadar emin olduklar ile ilgili Cronabch o degeri 0.86
bulunmustur. Bu bakimdan, Tiirk¢e’ye uyarlanmis bu testin giivenirligi orjinali ile benzerlik
gostermektedir. Bu sonuglar testin gegerli ve giivenilir oldugunu ortaya koymaktadir. KR-20 degeri 0.70

ve iizeri olan testler giivenilir olarak kabul edilmektedir (Salkind, 2010).

Tiirkiye’de ekolojik ayak izi ile ilgili yapilan ¢alismalarin bazilar1 katihmecilarin ekolojik ayak
izi puanlarint hesaplanmasi tizerine (6rn. Keles, 2011), bazi calismalar ise 6grencilerin ekolojik ayak izi
farkindaliklarini ve goriiglerini ortaya ¢ikarmak {izerinedir (6rn. Artvinli, Aydin ve Terzi, 2019; Cikrik
ve Yel, 2019; Demirkol ve Aslan, 2021). Ancak ulusal alanyazinda &grencilerin ekolojik ayak izi
konusuna yonelik kavramsal anlayiglarini ortaya cikaran bir teste rastlanmamustir. Ogrencilerin
ekolojik ayak izleri ile ilgili puanlart onlarin ¢evre dostu davranislart hakkinda 6nemli ipuglar: verse
de, Ogrencilerin ekolojik ayak izi konusuyla ilgili kavramsal anlayislar1 hakkinda bir bilgi
sunmamaktadir. Son yillarda ekolojik ayak izi konusu ortaokul fen bilimleri ve lise biyoloji 6gretim
programlarinda yer almistir ve 6grenciler i¢in yeni bir kavramdir. Bu nedenle &grencilerin konu ile ilgili
kavramsal anlayislarini belirlemek agisindan bu tani testinin Tiirkge'ye kazandirilmasinin fen egitimi
alanyazini i¢in 6nemli oldugu diisiiniilmektedir. Bu bakimdan, Tiirkce’ye uyarlamasi yapilan bu {ig
asamalil tani testi sayesinde dgrencilerin ekolojik ayak izi hakkindaki igerik bilgileri, gerekgeleri ve
verdikleri cevaptan ne kadar emin olduklar: 6l¢iilebilir ve kavram yanilgilari ortaya ¢ikarilabilir. Ayrica
bu test degerlendirme amagh kullarulabilir. Uygulanan ekolojik ayak izi temali gevre egitimi

programlarinin 6grencilerin ekolojik ayak izi kavramsal anlayislar iizerine etkisi 6lgiilebilir.

Bu ¢alismadan elde edilen sonuglara gore dgrencilerin sorularla ilgili verdikleri cevaptan emin

olma ortalamasi oldukga yiiksek ¢ikmistir. Oysa, ilk iki asamaya (%43) ve {i¢ asamanin tiimiine verilen
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dogru yanitlarin orani (%28) oldukca diisiiktiir. Bu sonug 6grencilerin ekolojik ayak izi ile ilgili kavram
yanilgilari olabilecegini gostermektedir. Benzer sekilde, Liampa ve digerleri. (2019) yaptiklar:
calismada, ekolojik ayak izi tani testinin genelinde emin olma ortalamasi ve orani yiiksek ¢ikarken, ilk
iki asamanin (ilk {i¢ soru i¢in) ve {i¢ asamanin tiimiine dogru yanit verenlerin oram oldukga diisiik
¢itkmistir. Liampa ve digerlerine gore (2019) ekolojik ayak izi kavrami oldukga yeni bir kavramdir ve
Ogrencilerin bu konuda egitim alsalar dahi kavram yanilgilar1 bulunmaktadir. Bu calisma da
Ogrencilerin ekoloik ayak izinin kavramsal tanimu ile ilgili icerik bilgileri yetersiz olsa da, ¢ogunun
ekolojik ayak izini etkileyen giinliik aktivitelerle ilgili icerik bilgileri yeterli diizeydedir. Liampa ve
digerleri. (2019) ise ¢calismalarinda, katilimcilarin ekolojik ayak izinin kavramsal tarimu ile ilgili icerik
bilgi puanlari, ekoloik ayak izini etkileyen giinliik aktiviteler ve ekoloik ayak izinin bilegenleri ile ilgili
icerik bilgisinden daha yiiksek ¢ikmistir. Bu ¢calismada 6grencilerle ekolojik ayak izini artiran ya da
azaltan faaliyetler iizerine sinif disinda uygulamali bir etkinlik yapildig1 i¢in 6grencilerin ekolojik ayak
izini etkileyen giinliik aktivitelerle (4. soru) ilgili soruya daha rahat yamit verdikleri sonucuna

ulagilabilir.

Ayni zamanda bu ¢alismadan elde edilen sonuglara gore, 6grencilerin ekolojik ayak izi testinde
igerik bilgisi sorularin1 daha kolay yanitlarken, ikinci asamada yani verdikleri yanitin gerekgesini soran
sorularda daha ¢ok zorlandiklar: tespit edilmistir. Benzer sonuca olusan Liampa ve digerleri. (2019)

katilimcilarin ekolojik ayak izi ile ilgili kavramsal anlayislarini biraz gelistirdiklerini ifade etmislerdir.

Bu calisma sonucunda &grencilerin dogru cevap ytizdelerinin ortalamalar: testin asamalar:
arttik¢a diisttigii tespit edilmistir. Yalmz birinci asamay1 dogru cevaplayanlarin yiizdesi, ilk iki asamay1
dogru cevaplayanlardan daha yiiksektir. U¢ asamanin tiimiinii dogru cevaplayanlarin yiizdesi ise en
diisiik diizeydedir. Arslan ve digerleri. (2012) 6gretmen adaylarinin kiiresel 1sinma ile ilgili kavramsal
anlayislar1 tizerine yaptiklari ¢alismada da benzer sonuglara ulasmistir. Liampa ve digerleri. (2019)

gelistirdikleri ekolojik ayak izi tani testinde de benzer sonuglar1 elde etmislerdir.

Sonug olarak, bu ¢alisma ile ulusal literature kazandirilan ii¢ asamali ekolojik ayak izi taru
testinin gecerli ve giivenilir bir test oldugu ve ogrencilerin ekolojik ayak izi bilgilerini test ederek,
onlarin ekolojik ayak izi konusuna yonelik kavramsal anlayislarini tespit etmede kullanilabilecegi
ortaya koyulmustur. Uc asamali taru testleri 6lcmek istedigi kavrami daha kesin bir sekilde 6l¢tiigii icin
kavram yanilgilarinin belirlenmesinde daha gecerli ve giivenilir testlerdir (Pesman ve Eryilmaz, 2010).
Bu testler fen egitiminde igerik bilgisi, gerekeeli bilgi ve 6grencilerin kavramsal anlayislariyla ilgili
degisimin izlenmesinde etkili bir 6l¢me aract olarak kullanilabilir (Caleon ve Subramaniam, 2010).
Ornegin, ekolojik ayak izi temali gevre egitimleri verilerek dgrencilerin ekolojik ayak izi bilgilerinin

nasil gelistigi tespit edilebilir.

Bu ¢alismada testi gelistirenlerin Onerisi dogrultusunda 6grencilere ekolojik ayak izi egitimi

verilmis ve bu egitmden sonra testin uygulamas: gerceklestirilmistir. Her ne kadar ¢alismanin amaci bu
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egitimin etkisini 6l¢gmek olmasa da, bu ¢alisma bize bazi bulgular vermistir. Bu bulgulara goére verilen
egitim Ogrencilerin icerik bilgileri gelistirilirken, gerekge ile ilgili bilgilerini gelistirmede ¢ok etkili
olmamustir. Gelecekte yapilacak ¢alismalarda egitimin siiresi ve kapsami genisletilip, etkinlik sayis:
arttirllarak Ogrencilerin hem igerik bilgisi ve hem de gerekce ile ilgili bilgilerinin gelisimleri
arastirilabilir. Ayrica ekolojik ayak izi kavramu ile ilgili 6grencilerin kavram yanilgilar: tespit edilerek

bu kavram yamnilgilarinin giderilmesi {izerine ¢alismalar yapilabilir.

Ekolojik ayak izi kavrami stirdiiriilebilirlik i¢in egitimin 6nemli temalarindan biridir. Bireylerin
ekolojik ayak izi konusuna yonelik kavramsal anlayislarini gelistirmek, siirdiiriilebilirlik bilinci
kazanmalarinda ve gevre dostu davranislar edinmelerinde 6nemli rol oynar. Bu nedenle bu kavramin
fen bilimleri 6gretim programlarinda daha fazla yer almasi, 6l¢me ve degerlendirme araci olarak
kullanilmas1 6nemlidir. Bu ¢alisma lise 6grencileriyle gergeklestirilmis olsa da gelecekteki ¢alismalarda
Ogretmen adaylar1 ya da 0gretmenlere uygulanarak testin gegerliligi ve giivenirligi test edilebilir ve
katillmcilarin kavramsal anlayislar: tespit edilebilir. Son olarak uluslararas: karsilastirmali ¢alismalar
yapilarak diger iilkerlerdeki Ogrenciler ile Tiirkiye'deki ogrencilerin ekolojik ayak izi anlayislar

karsilagtirilabilir.

Ekolojik ayak izi tan1 testinin Tiirk¢e ye uyarlanmasin igeren bu calismada Liampa ve digerleri.
(2019) tarafindan belirlenen ¢alismanin sinirliliklarindan biri, katilimcilar verdikleri cevaptan ne kadar
emin olduklarim1 hem icerik bilgisi ve hem de gerekge igin birlikte puanlamalaridir. Gelecek
calismalarda dort asamali tam testi gelistirilerek uygulanabilir ve 6grencilerin kavramsal anlayislar:
arastirilabilir. Calismanin bir bagka sinirlilig: ise 6rneklemin yalnizca Agri ilinden olmasidir. Gelecekte
Tiirkiye'nin farkli cografi bolgelerinde arastirmalar yapilarak testin gegerlilik ve giivenirligi

desteklenebilir ve 6grencilerin kavramsal anlayislari arastirilabilir.
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Introduction

Today, severe changes in the world's biological systems (e.g., deterioration of life in the seas,
melting of glaciers and acidification of the oceans) occur due to human activities, and it has been getting
harder to reverse this situation day by day (Rockstérm, 2015). In the report published by the World
Wide Fund (WWF) in 2020, it was stated that the health of humans and the planet are closely related.
Deterioration of ecosystems due to human activities, the decrease in biodiversity and the increase in
contact between wildlife and human life, epidemics, such as COVID-19, are becoming widespread

(WWF, 2020).

In this age, which is called the Anthropocene (human age) by scientists, the biological, physical
and chemical conditions of our planet have undergone considerable changes due to human activities
(Wolff, 2020). In addition to all these, we are facing climate change as the most important crisis of our
time. According to the report of the Intergovernmental Panel on Climate Change (IPCC, 2014), climate
change accelerates existing risks and also creates new risks for nature and people. Due to all these crises,

many living species are in danger of extinction.

The basis of all these problems lies in the unsustainable lifestyle and non-environmental (¢evre
dostu olmayan) attitudes and behaviors of people. Thus, the concept of sustainable development, which
was defined by the World Commission on Environment and Development (WCED) in 1987, attracts
more attention today. In the report "Our Common Future" sustainable development is defined as
"meeting the needs of the present without compromising the ability of future generations to meet their
own needs" (WCED, 1987). Sustainability is a multidimensional concept that involves environmental,

social, ecological and economic issues.

Ecological sustainability refers to the sustainability of renewable resources and biological
systems in nature (WWF, 2012). In other words, it means living without exceeding the world’s
biocapacity and without consuming natural resources. One of the indicators evaluating ecological
sustainability is the ecological footprint (WWEF, 2012). The concept of ecological footprint was first
introduced by William Rees and Mathis Wackernagel and defined as: “the aggregate land (and water)

area in various categories required by the people in a defined region to provide continuously all the
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resources and services they presently consume and to absorb continuously all the waste they presently
charge” (Wackernagel, 1994, p. 68). The ecological footprint measures the impact of human activities on
the environment and helps society make the right decisions for the environment by raising awareness

(Wackernagel and Rees, 1995).

WWF (2012) made a similar definition and explained the ecological footprint as follows: “A
measure of how much area of biologically productive land and water an individual, population or
activity requires to produce all the resources it consumes and to absorb the corresponding waste (such
as carbon dioxide emissions from fossil fuel use), using prevailing technology and resource
management practices. The Ecological Footprint is usually measured in global hectares. This also
includes infrastructure and fields for vegetation that will absorb waste CO2 “(WWF, 2012, p. 6). The
ecological footprint measures the demand on natural resources created by human activities. In other
words, it refers to our planet's demand for biologically productive areas, such as forests, pastures, and
wetlands, that is, for biocapacity (Liampa, Malandrakis, Papadopoulou, and Pnevmatikos, 2019). As the
ecological footprint increases, the biocapacity decreases. Therefore, the ecological footprint should be
smaller than the biocapacity as a criterion for sustainability. The ecological footprint concept allows us
to better understand ecological sustainability and provides us with a concrete framework for action
(Wackernagel, 1994). The ecological footprint concept helps us reveal the effects of both our individual
and social lifestyles on the environment by providing visible, accessible and meaningful tools for

education (Barrett, Birch, Cherrett and Simmons, 2004).

Ecological footprint calculation is also important in terms of monitoring the sustainability
performance of institutions and raising awareness of individuals on sustainability-related activities
(Gottileb, Kissinger, Vigado-Gadot, and Haim, 2012). For example, Gottlieb, Vigado-Gadot, Haim, and
Kissinger (2012) conducted a study with high school students. In their study, after informing them
conceptually about the ecological footprint, they calculated the ecological footprint of schools regarding
food, energy, transportation and consumption activities. Researchers have stated that there are many
benefits of including the ecological footprint concept in the school curriculum. When reducing
ecological footprint becomes the vision of schools, it helps students develop positive attitudes toward
the environment, and increase their awareness and environmentally friendly behaviors (Gottlieb et al.,
2012). At the same time, ecological footprint calculations enable students to improve their knowledge
and understanding of ecological sustainability (Collins, Galli, Patrizi, and Pulselli, 2018). Thus, it is very
important for schools to include the subject of ecological footprint in the curriculum and teach it in
classrooms. In Turkey, it is seen that the ecological footprint subject is placed in the curriculum, which
has been updated in recent years. For example, in the environmental education and climate change
curriculum prepared for secondary schools, the subject of ecological footprint is also included so that
students can understand the impact of their consumption habits on the environment (Ministry of

National Education, 2022). In the science curriculum, six hours are allocated to the concept of
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sustainable development (Ministry of National Education, 2018). Ecological footprint is an important
tool in teaching the concept of sustainable development. In addition, the subject of ecological footprint
was incorporated into 10* grade biology curriculum, and two learning objectives related to the subject

were included:

a.”Activities related to ecological footprint, water footprint and carbon footprint are

conducted.”

b.“Solutions are developed to reduce the ecological footprint, water footprint and carbon

footprint” (Ministry of National Education, 2018, p. 21).

Although the issue of ecological footprint has an important potential in education for
sustainability, this issue is not adequately understood by students and teachers (Liampa et al., 2019).
Gottlieb, Vigoda-Gadot and Haim (2013) emphasize that the concept of the ecological footprint is an
indicator of sustainability and also an important educational approach to understanding the impact of
environmental problems. The concept of the ecological footprint can be used as an important tool for

students to acquire environmentally friendly behaviors (Gottlieb et al., 2013).
Literature Review

In the Turkish literature, related to educational research studies, there are various studies on
the ecological footprint. Some of these studies include the calculation and evaluation of students' or pre-
service teachers' ecological footprints (Keles, Uzun, and Ozsoy, 2008; Keles, 2011) and examining the
relationship between students' ecological footprint scores and their attitudes towards sustainable
development (Demirtas and Cinici, 2019; Karakas, 2021). Some studies aimed to develop students'
awareness, attitudes and behaviors toward the environment by preparing ecological footprint-oriented
education programs (e.g., Cetin, Giiven Yildirim, and Aydogdu, 2017; Karaarslan-Semiz and Cakir-
Yildirim, 2018). In recent years, there have been studies on the ecological footprint awareness scale and
the determination of the ecological footprint awareness of secondary school students, teacher
candidates and teachers (e.g., Cikrik and Yel, 2019; Demirkol and Aslan, 2021; Giileg, 2022; Yigitkaya,
2019). However, these studies do not reveal students’ conceptual understanding of this subject, which
is related to exploring how well students know about the ecological footprint, their level of
understanding of the subject, and their misconceptions if they have. The reason for this situation is that

any diagnostic test related to ecological footprint has not existed in the national literature.

In the international literature, there are studies related to improvement of students’
environmentally friendly behaviors through ecological footprint-oriented environmental education
(Gottlieb et al., 2013), the calculation and evaluation of the ecological footprint of teacher candidates
(O'Gorman and Davis, 2013), and exploring the impact of consumption habits on the environment by
calculating ecological footprint of students (Collins, Galli, Patrizi, and Pulselli, 2018). However, there

are very few studies that has explored the conceptual understanding of students or teacher candidates
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on the ecological footprint subject. Therefore, Liampa et al. (2019) developed a three-tier diagnostic test
on ecological footprint concept. Based on the findings the researchers obtained during the test
development phase, they stated that the students had difficulty in the questions about the reasoning
tier of the test, they answered the questions about the content knowledge more easily, and they were
less confident about answers they gave about the components of the ecological footprint. This three-tier
diagnostic test can be used to evaluate the education programs developed for ecological footprint and
to explore how well the ecological footprint topic is understood (Liampa et al., 2019). In this regard,
three-tier ecological footprint diagnostic test developed by Liampa et al. (2019) has filled an important
gap in the literature. Two or three-tier diagnostic tests are also used in various topics of Science

Education.

Two or three-tier diagnostic tests have been used for a long time in science education to
determine the misconceptions of teachers or students on certain subjects (Arslan, Cigdemoglu, and
Moseley, 2012). In the two-tier diagnostic tests, the first tier consists of content information, while the
second tier is about the reason for the response given in the first tier (Pesman and Yilmaz, 2010). In the
three-tier diagnostic tests, on the other hand, in the third tier, students are asked how much they are
confident about their answers, in this way more accurate evaluation about their understanding can be
made (Hasan, Bagayoko, and Kelly, 1999; Ozden and Yenice, 2017). Three-tier diagnostic tests are used
in science education to identify misconceptions in various learning areas. For example, electricity in
physics (Pesman and Eryilmaz, 2010), environmental issues, such as global warming, the greenhouse
effect, and the atmosphere (Arslan et al., 2012, Cigdemoglu and Arslan, 2017), states of matter in
chemistry (Kirbulut and Geban, 2014) and identify misconceptions about biological diversity (Yen, Yao,
and Mintzes, 2007) and genetics (Kili¢ and Saglam, 2009). However, to our knowledge, there is not any

study related to misconceptions about ecological footprint in the national literature.
The Significance of this Study

While children learn scientific knowledge in schools, they create synthetic models, alternative
concepts or misconceptions in their minds (Vosniadou, 2012 as cited in Liampa et al., 2019). Although
the concept of the ecological footprint was introduced in the 1990s, it is a new concept for children.
Liampa et al. (2019) stated that the concept of ecological footprint is a new concept in education. More
research studies should be conducted on misconceptions or alternative concepts in this regard. The
concept of ecological footprint has taken attention in science, environmental education and biology
curriculums, especially in Turkey, in recent years. Ecological footprint enables individuals and societies
to better understand their individual effects on nature and to help them develop positive attitudes
toward environment and environmentally friendly behaviors; hence, it is an important educational tool
(Keles et al., 2008). In addition, the concept of ecological footprint helps students learn about

environmental sustainability and take action for the environment (Gottlieb et al., 2013).
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The ecological footprint conceptual test can be used to evaluate how much students have
learned the concepts before and after the training on ecological footprint (Liampa et al., 2019). Three-
tier diagnostic tests are effective evaluation tools to measure the effectiveness of training (Arslan et al.,
2012). As seen in the literature, studies on ecological footprint in Turkey are mostly about calculating
ecological footprint scores (e.g., Keles, 2011) or determining awareness of ecological footprint (e.g.,
Cikrik and Yel, 2019). However, these scales do not reveal students' or teachers' conceptual
understanding and misconceptions about ecological footprint. In other words, a diagnostic test about
the ecological footprint has not yet been developed. Thus, it is seen that a good concept diagnostic test
is needed to evaluate the effectiveness of the training given in the research studies related to ecological
footprint in Turkey. Based on this, this study aimed to adapt the three-tier ecological footprint
diagnostic test developed by Liampa et al. (2019) into Turkish. Although Liampa et al. (2019) developed
this diagnostic test for pre-service teachers, the scale is also suitable for the use of high school students
since ecological footprint is included in the high school curriculum. The correspondences made with
the researchers who developed the scale, also supported that the instrument is convenient for high
school students. Gottlieb et al. (2012) state that the issue of ecological footprint will help high school
students think critically about the environmental impact of their behavior and choices. In this respect,
it is crucial to adapt the scale that reveals the concepts and misconceptions of high school students about
the ecological footprint in Turkish. Hence, it was decided to translate the three-tier ecological diagnostic
test of Liampa et al. (2019) into Turkish. Thus, this three-tier diagnostic test can be used to evaluate
ecological footprint-oriented environmental education programs. The research questions of this study

are as follows:

¢ Is the three-tier ecological footprint test adapted to Turkish a valid and reliable test to

determine the conceptual understanding of high school students about ecological footprint?

® What are the high school students' conceptual understandings of ecological footprint

according to the three-tier ecological footprint test adapted to Turkish?
Method
Study Group and Procedure

This research consisted of a pilot study and the main study. A pilot study is recommended to
make the necessary revisions to the adapted tests (International Test Commission, 2017). Both studies
were conducted in two Anatolian high schools located in the city center of Agr1 in Turkey. Since the
ecological footprint concept is included in the 10t-grade biology curriculum, high school students
were chosen as the sample group in the pilot and main study. In addition, the schools where this
study was conducted were the schools where researchers could reach easily. Thus, homogeneous

sampling is a convenient and purposeful sampling technique used in this study (Etikan, Musa, and
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Alkassim, 2016; Fraenkel, Wallen, and Hyun, 2012). The universe of the present study consisted of 9t
and 10t grade Anatolian High School students studying in Agr1.

In the pilot study, 127 (65 female and 62 male) students participated. There were 10t-grade high
school students and their major area at school was Mathematics and Science. The sample of the main
study consisted of 397 students who were in the 9t and 10" grade level (230 female, 151 male, 16
participants did not specify gender) and studying at two Anatolian high schools in Agr1. These students’

major was also Mathematics and Science.
Adaptation Procedure

After the necessary permissions were obtained from the authors (Liampa, et al., 2019) who
developed the ecological footprint three-tier diagnostic test, the schools where the present study would
be conducted were determined. All the items in the English version of the test were translated into
Turkish by the researchers. Thereafter, the translated diagnostic test was sent to an expert team. This
expert team included an environmental engineer, a mechanical engineer, a biologist and a linguist. The
research area of the experts was related to sustainability issues. For example, the researcher who was
an expert in mechanical engineering had academic research studies on the effects of renewable energy
on the environment, society and economy. Another researcher, who was an expert in the field of
biology, also has research studies in sustainability and ecology. This expert team translated the whole
diagnostic test, and then the researchers came together and compared the translations, and the final
version of the diagnostic test was constituted after having a negotiation with the experts on the different
translations. For example, two translations emerged in the translation of the original sentence, which
was “The amount of biologically productive land and water area required to produce all the resources
humans consume and to absorb the waste they generate.” The first Turkish translation was “Insanlarin
tiikettikleri biitiin kaynaklari tiretebilmek ve ortaya ¢ikardiklar: atiklar: atiklar: bertaraf edebilmek igin
gerekli olan biyolojik olarak verimli arazi ve su alami miktaridir.” The second translation was
“Insanlarin tiikettikleri biitiin kaynaklari {iretebilmek ve ortaya cikan atiklarin absorbe edilebilmesi icin
gerekli olan biyolojik olarak verimli arazi ve su alan1 miktaridir.” As the environmental engineer expert
stated that the term "atiklarin bertaraf edilmesi (waste disposal)" was frequently used in the waste
management system in Turkish, it was decided to use the first translation in the pilot study. Translations
for each item and choices were compared, and differences between translations were discussed. Given
the field terminology and the structure of the Turkish language, the items were finalized. Later, the
Turkish translations were translated into English by a language expert and this version was compared
with the original one. In the end, the Turkish translation of the three-tier diagnostic test was finalized
for the pilot study based on the opinions of the language expert about the clarity, terminology, and

cultural relevance of the items.
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Liampa et al. (2019) stated that as the ecological footprint is a new concept for students,
education about the concept should be given and then the ecological footprint diagnosis test should be
applied. Thus, before the ecological footprint diagnosis test was applied in the pilot and the main study,
four hours of ecological footprint education was given to the students. This education included two
hours of theoretical part and two hours of practical part. This education was given to students in
accordance with the course requirements and time allocated in the biology curriculum. Content
knowledge part of the education included subjects related to the meaning of ecological footprint, the
relationship between ecological footprint and biocapacity, comparison of countries’ ecological footprint,
and human activities (food, shelter, transportation, energy and waste) that decrease or increase
ecological footprint. These subjects were explained through lecturing and discussion strategies. After
the theoretical part of the lesson, an outdoor activity which is explaining the relationship between
ecological footprint, population growth and biocapacity was applied (Karaarslan-Semiz and Cakar-
Yildirim, 2018). In this activity, students who were placed in different group sizes (the size of the groups
represents the population) discussed the situations which increase or decrease ecological footprint
based on the example activities presented to them (e.g., planting grass instead of planting trees)
(Karaarslan-Semiz and Cakir-Yildirim, 2018). As suggested by Liampa et al. (2019), the diagnostic test
was administered to the participants three weeks after the training. The students were informed about
the purpose of the present study and their response to the test would not have an effect on their course

grades. It took approximately one class hour for the students to answer the whole diagnostic test.
Ecological Footprint Diagnostic Test Adapted to Turkish

Ecological footprint diagnosis test developed by Liampa et al. (2019) consists of 13 questions in
total and includes one, two and three-tier format questions. The first three questions in the diagnostic
test include two tiers. In these three questions, the first tier measures content knowledge (content tier)
and the second tier measures how confident students (confidence tier) are in their responses. Nine of
the questions in this diagnostic test (questions 5, 6, 7, 8 and 9) include three tiers. The first tier measures
content knowledge, the second tier measures the reason for the responses given in the first tier, and the
third tier measures how confident students are in their responses given in the first two tiers. Another
question (question 4) includes one-tier. This question consists of nine sub-questions and measures only
content knowledge. The total number of items in this diagnostic test is 42 (see Appendix-1 for Turkish

adaptation of the test).

The ecological footprint diagnostic test was comprised of three categories which are (1) the
conceptual definition of the ecological footprint, (2) the daily activities that affect the ecological
footprint, and (3) the components of the ecological footprint. The questions related to these categories
are displayed in Table 3. These questions describe the scientific definition of ecological footprint, its

unit, purpose of use and ecological destruction. In the category of daily activities that affect the
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ecological footprint, there are several questions related to human activities that increase or decrease the
ecological footprint (e.g., consuming organic food, greening parks with grass instead of trees), and the
impact of different lifestyles on the ecological footprint. In the components of the ecological footprint
category, there are questions related to the impact of meat consumption, road and building
construction, paper consumption, landfills, heating and cooling systems, and seafood/fishing-related

activities on the ecological footprint (Liampa et al., 2019).
Data Analysis

To reveal how the items in the ecological footprint diagnostic test were processed, item analysis
was performed. The data were analyzed using the Test Analysis Program (TAP) program developed by
Brooks and Johanson (2003), which performs item analysis based on classical test theory. In this analysis,
item difficulty value, item discrimination value and KR-21 values were examined. Item difficulty value
expresses the percentage of those who answered the question correctly (Crocker and Algina, 1986).
Crocker and Algina (1986) suggest that this value should be close to 0.50. If the item difficulty value
moves away (uzaklasirsa) from 0.50, it indicates that the problem is easy, and if it falls below this value,
then it indicates that the problem is difficult. According to Henryssen (1971), if the point-biserial
correlation value of the item is between 0.30 and 0.40, then the item difficulty index might be between
0.40-0.60. Henryssen (1971) recommends 0.30 and above as a reference value for biserial correlation. If
the biserial correlation value of the item is above 0.60, a wider item difficulty value can be accepted
(Henryssen, 1971 as cited in Crocker and Algina, 1986). Chase (1999) and Erkus (2006) suggest that items
having an item difficulty value of lower than 0.20 and higher than 0.85 should not be included in the
test. Tekin (1996), on the other hand, states that the average difficulty value of the achievement test
should be close to 0.50.

To calculate item discrimination value, a group of 27% with the highest score in the diagnostic
test and a group of 27% with the lowest score are determined. After that, the item discrimination value
is calculated by considering the scores of these groups. This value indicates how well the test
discriminates between successful and unsuccessful individuals. Items with a discrimination index of
0.30 and above are considered discriminating items and are recommended to be included in the test

(Ebel and Frisbe, 1991; Erkus, 2006).

To provide the reliability of the ecological footprint test, the KR-20 value was examined. Given
that this value is 0.70 and above indicates that the test meets the reliability criterion (Salkind, 2010).
Some calculations about the confidence level of the students were made by considering the indexes

explained below:

a) General mean confidence (CF): It is the general mean confidence of students for giving

correct or incorrect responses.

1616



KEFAD Cilt 23, Say1 2, Agustos, 2022

b) Mean confidence for the correct responses (CFC): The mean confidence of students who

answered the questions correctly.

c) Mean confidence for the incorrect responses (CFW): The mean confidence of students who

answered the questions incorrectly.

d) Mean confidence accuracy [CAQ=(CFC-CFW)/standard deviation (SD) of students' mean
confidence about the question]. The CAQ value gives the standardized value of confidence
discrimination, which shows whether students can distinguish between what they know and what they

do not know (Lundeberg, Fox, Brown, and Elbedour, 2000).

e) Confidence bias value [CB= (CF-1)/5-percentage of students who gave correct responses to
both tiers]. In this index, the degree of confidence level in the response takes a value between 0 and 1
(Liampa et al., 2019). When the CB is positive, it indicates that students are very confident about their
responses. When the value is negative, it means that students are less confident, and when CB equals

zero, it means that they have perfect calibration (Stankov and Crawford, 1997).
Ethical Permission

This study was prepared based on the ethical rules of "Higher Education Institutions Scientific
Research and Publication Ethics Instructions.” None of the situations stated under the title of “Actions
against Scientific Research and Publication Ethics,” which is the second part of the instructions, have
been realized. The data were collected in the spring semester of the 2017-2018 academic year after taking
the necessary permissions from the Directorate of National Education of Agr1 Province (Agr 11 Milli
Egitim Midiirliigii). The researchers informed the students about the purpose of the present research

and collected the data in the classroom based on the students’ voluntary participation.
Results
Pilot Study

Three-tier ecological footprint diagnostic test, including 30 items in total, consists of the content
information about the ecological footprint (1¢ tier) and justification part (2" tier). The KR-20 value for
these items was .66. The Cronbach a reliability coefficient of 12 items (3¢ tier) measuring how confident
the students were about their answers was calculated as .81. The mean item difficulty index of the test
was 0.52, and the mean discriminant index was 0.29. It is seen that these values are within the

recommended ranges in the literature (Tekin, 1996).

In Table 1, item difficulty and discrimination indices were evaluated. The questions in the 1st
and 2nd tiers have seven items with a difficulty value of less than 0.20 and greater than 0.85, which were
1i, 3i, 4¢, 6i, 7ii, 9ii and 13i. When the item difficulty index of both tiers was examined, the item difficulty
index of five items was below the reference value, which were questions 5, 7 and 9. Item discrimination

of 14 items’ value is less than 0.30, which were 1i, 2i, 3i, 4c, 4e, 5i, 61, 6ii, 7ii, 9ii, 10ii, 11ii, 13i, 13ii. When
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the discrimination index of both tiers was examined, five items were below the reference value. These
items were 5, 7, 9, 11 and 13. These items were revised and modified for the main study. The items were
revised again by consulting expert opinions. For example, the sentence structure in the correct answer
to question 1i (Definition of ecological footprint) was changed. In the pilot study, this response was used
as “the amount of biologically productive land and water area required to produce all the resources
humans and to absorb of the waste they create.” Since the word “absorb” used in this sentence may not
be understood by the students, the sentence was changed to a simpler form for the main study as
follows: “indicating the amount of biologically productive land and water area which is required for
meeting the needs of people and to dispose of the wastes.” Experts were consulted about the revised
items. For example, experts expressed their opinion about the change in this item that this sentence
confirms the definition of ecological footprint scientifically. After the revisions were made related to the
above-mentioned items, which have difficulty index and discrimination index below the reference
values, expert opinions were retaken for these revisions, and then the test was finalized for the main

study.

Students seemed confident with their answers (mean of CF=4.03). The results showed they were
confident when they gave the correct answer (mean of CFC=4.19). However, they were confident (mean
of CFW=3.94) even when they gave wrong answers. It was observed that students who gave correct
answers were overconfident in their answers in 9 out of 12 questions (>4), and students who gave wrong
answers were overconfident in 5 out of 12 questions. The average confidence accuracy quotient (CAQ)
value was 0.18. This value shows that students cannot distinguish between what they know and what
they do not know. The mean confidence bias value was also calculated for each item. The average of
certainty bias (CB) was also 0.04. Given that this value is different from zero and is positive indicates
that the students are generally sure of their answers. When the CB value was examined for each item,
there were both positive and negative values. The CB value of seven items in the test was negative. It
can be concluded that students feel unconfident about these items. There were five items with positive
CB values. Regarding these items, it can be concluded that the students felt very confident about these

items. Table 1 presents the item statistics obtained from the pilot study.
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Table 1. Item analysis of the pilot study

Item difficulty Item Biserial Confidence
index discrimination correlation
index

st 2nd  Both  1st 2nd  Both  1st 2nd CF CFC CFW CAQ CB
tier tier tiers tier tier tiers tier tier

1 0.06 - - 0.11 - - 033 - 419 450 417 029 0.8
2 080 - - 027 - - 037 - 436 449 379 050 -0.13
3 0.16 - - 0.04 - - 013 - 4.02 415 399 012 044
4a 0.61 - - 045 - - 049 - - - - - -

4b 0.84 - - 0.30 - - 0.66 - - - - - -

4c 087 - - 021 - - 0.58 - - - - - -

4d 0.83 - - 040 - - 078 - - - - - -

4e 040 - - 017 - - 029 - - - - - -

4f 0.80 - - 0.39 - - 057 - - - - - -

4g 047 - - 0.39 - - 0.38 - - - - - -

4h 0.83 - - 033 - - 071 - - - - - -

4i 0.69 - - 054 - - 0.66 - - - - - -

5 029 028 009 016 032 015 012 032 342 383 338 033 0.19
6 087 057 053 021 020 029 054 026 453 471 433 028 -0.16
7 054 014 008 053 005 012 053 006 387 450 382 048 0.03
8 080 025 024 038 037 038 065 048 420 439 414 017 -0.16
9 072 0.03 0.02 030 0.02 005 051 036 443 433 444 -0.08 -0,03
10 069 030 023 040 024 038 046 026 3.69 397 3.6l 026 -0.15
11 039 o011 009 047 0.08 010 047 023 395 373 397 -015 0.20
12 055 041 033 055 043 038 052 043 3.06 319 300 012 -0.14
13 094 020 019 012 019 0.21 072 0.17 465 454 468 -011 -0.21
Mean 0.63 025 020 032 021 023 050 029 403 419 394 018 0.04
SD 025 016 016 015 014 013 018 013 047 044 047 022 0.26

Note. CF: general confidence for the question. CFC: mean confidence of students who gave correct responses to the
question. CFW: mean confidence of students who gave incorrect responses to the question. CAQ: confidence
accuracy quotient. [CAQ=(CFC-CFW)/ SD of all confidence ratings for the question]. CB: Confidence bias [CB= (CF-

1)/5- proportion of STs who gave correct responses for both tiers].
Main Study

According to the results obtained in the pilot study, the main study was conducted by making
the necessary revisions. After the analysis of the data obtained from the pilot study, no items were
removed from the test. According to the result of the item analysis in the main study, the KR-20 value
of 30 questions in the content and reasoning tiers was 0.77. It was observed that the reliability coefficient
obtained from the pilot study increased in the main study. According to the data obtained from the TAP
analysis, the mean of item difficulty index was 0.58, and the mean discrimination value was 0.38. As
shown in Table 2, the mean of item discriminant values of the 1st tier, 2nd tier and both tiers were 0.65,
0.40 and 0.34, respectively. The mean discrimination values were 0.36, 0.40 and 0.44 for these tiers,
respectively. The Cronbach a value was 0.85 for the items measuring how confident the students were
about their answers. Since all these values were within the recommended value ranges, it was decided

to keep all items in the test. The item analysis results obtained from the main study were also analyzed
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for each item and the results are shown in Table 2. While creating this table, those who gave correct
answers to the questions in the first tier were coded as one, and those who gave wrong answers were
coded as zero. Those who gave correct answers to the questions in the second tier were coded as one,
and those who gave wrong answers were coded as zero. Finally, those who answered correctly to both
tiers (1¢ tier and 2nd tier) were coded as one, while the others were coded as zero. Item analysis statistics

were made for the 1+ tier, the 2nd tier and both tiers and the results are presented in Table 2.

Table 2. Item analysis of the main study

Item difficulty Item Biserial Confidence
index discrimination correlation
index

st 2nd  Both  1st 2nd  Both  1st 2nd CF CFC CFW CAQ CB
tier tier tiers tier tier tiers tier tier

1 0.18 - - 0.02 - - 0.03 - 399 353 399 -034 040
2 083 - - 034 - - 041 - 435 463 294 112 -0.16
3 053 - - 030 - - 024 - 397 420 369 039 0.06
4a 0.63 - - 030 - - 031 - - - - - -

4b 0.85 - - 036 - - 049 - - - - - -

4c 077 - - 044 - - 049 - - - - - -

4d 084 - - 041 - - 058 - - - - - -

4e 039 - - 023 - - 019 - - - - - -

4f 073 - - 037 - - 039 - - - - - -

4g 055 - - 032 - - 029 - - - - - -

4h 078 - - 038 - - 048 - - - - - -

4i 0.66 - - 040 - - 041 - - - - - -

5 053 036 025 019 030 028 012 023 390 463 365 065 0.05
6 077 062 057 040 053 056 043 044 417 464 353 072 -0.14
7 053 036 028 058 041 043 048 034 378 456 346 0.67 0.03
8 078 050 047 048 060 066 055 044 413 460 371 059 -0.15
9 075 0.11 0.09 040 0.08 011 044 012 428 444 426 012 -0.09
10 063 034 027 053 038 049 046 031 376 421 359 040 -0.08
11 047 042 036 050 049 038 039 036 379 409 362 030 0.09
12 054 042 034 057 044 050 047 035 328 372 303 044 -0.08
13 091 047 043 015 041 055 033 033 432 463 409 036 -025
Mean 0.65 040 034 036 040 044 038 032 398 432 3.63 045 -0.03
SD 0.18 0.14 014 014 015 017 0.14 010 030 038 038 036 0.17

Note. CF: general confidence for the question. CFC: mean confidence of students who gave correct responses to the
question. CFW: mean confidence of students who gave incorrect responses to the question. CAQ: confidence
accuracy quotient. [CAQ=(CFC-CFW)/ SD of all confidence ratings for the question]. CB: Confidence bias [CB= (CF-

1)/5- proportion of STs who gave correct responses for both tiers].

Item statistical results in the main study revealed that there were two items with an item
difficulty index less than 0.20 for the first and second tiers. These items were 1i (conceptual definition
of ecological footprint) and 9ii (justification of the effect of paper consumption on ecological footprint).
Although the item difficulty indexes of both items increased compared to the pilot study, they were still
below 0.20. In addition, the discrimination indexes of these items were low. Since the item difficulty

index of item 1i was very close to 0.20 and the reliability of the whole test was good, it was decided to
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keep these items in the test. In the original version of the test, the item difficulty index of item 9ii was
also below the reference value. However, to maintain the construct validity of the test, Liampa et al.
(2019) decided to keep this item in the test. Since a similar result was obtained in this study, given the
decision taken in the original form of the test, it was decided to include this item in the Turkish version.
There was one item with an item difficulty index less than 0.20 for both tiers, which was item 9 (effect
of paper consumption on ecological footprint). Although 75% of the students answered the content
knowledge of this item correctly, only 11% answered the reasoning question correctly and 9% answered
both tiers correctly. There was one item with an item difficulty index greater than 0.85 (item 13). This
item was about the effects of growing vegetables in the garden of the house on the ecological footprint.
Although 91% of the students answered this question correctly, only 47% of the students answered the

reason for this question (13ii) correctly.

Items with item discrimination below the reference value (0.30) were items of 1i, 4e, 5i, 9ii, and
13i. The discrimination index of items 1i, 9ii and 13i was below 0.30 in the original test as well. Item
difficulty indexes of items 4e and 5i were within reference values. Since the reliability of the test was
above 0.70, the mean item difficulty index and mean discrimination were included in the reference
values, and the results we obtained were similar to the values obtained in the original test, it was
decided to keep these items in the test. In addition, it is emphasized in the literature that the difficulty
indexes and distinctiveness of the three-tier diagnostic tests were quite low compared to the single-tier
diagnostic tests, which was due to the nature of the three-tier diagnostic tests (Cigdemoglu and Arslan,

2017; Pesman and Eryilmaz, 2010).

As shown in Table 2, the students seemed quite sure of their answers (mean CF=3.98). It was
revealed that students who answered the questions correctly were very confident (average CFC =4.32).
Those who gave the wrong answers to the questions were less sure of themselves (mean CFW=3.63). It
was observed that the students who answered the questions correctly were overconfident in their
answers in 10 out of 12 questions (>4), and the students that gave the wrong answer were overconfident
in two of the 12 questions (questions 9 and 13). The mean confidence accuracy quotient (CAQ) value
was 0.45. This value shows that students can distinguish between what they know and what they do
not know throughout the test. When this value was analyzed on a question basis, it was observed that
all items had a high CAQ value (greater than 0.30), except for three questions (questions 1, 9 and 11).
Although the students could not distinguish between what they knew and what they did not know in
questions 1, 9 and 11, it was observed that they could make this distinction in the remaining questions.
The negative CAQ value in Question 1 shows that the students who answered the question incorrectly
were more confident about their answers than those who answered correctly. The mean confidence bias
(CB) was negative (-0.03, SD: 0.17). This shows that students are generally unconfident about their
answers to the questions. When analyzed on an item basis, it shows that students trust their answers in

five questions (questions 1, 3, 5, 7, and 11) and they feel unconfident about their answers in seven
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questions (questions 2, 6, 8, 9, 10, 12, and 13). No substance with a CB value of 0 was observed. As a
result, although the students distinguished between what they knew and what they did not know in

the overall ecological footprint test, it was revealed that they felt unconfident about their answers.
Students' Conceptual Understanding of Ecological Footprint

The percentages of correct answers for each question in the ecological footprint diagnostic test

are shown in Table 3.

Table 3. Percentages of correct answers for each question (main study, n=397)

Categories Questions Percentage of the correct answer
Conceptual Definition of EF 1i 18
1ii 75
2i 83
2ii 76
3i. 53
3ii. 73
5i. 53
5ii. 36
5iii. 69
Everyday activities affecting EF 4a 63
4b. 84
4c. 77
4d. 84
4e. 38
4f. 73
4g. 54
4h. 78
4i. 67
13.4 91
13ii. 47
iii. 81
6i. 77
6ii. 62
6iii. 76
EF components 7.4 53
7ii. 35
7iii. 65
8.1. 79
8ii. 50
8iii. 77
9i. 75
9ii. 11
9iii. 79
104 63
10ii 34
10iii. 63
11.. 48
11ii. 42
11iii. 66
12i. 54
12ii. 42
12iii. 48
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As shown in Table 3, the mean percentage of correct answers to the content information (1s tier)
was 65% (SD=17.5, min: 18%, max: 91%), and the mean percentage of correct answers to the reasoning
(2nd tier) was 40%. (SD=13.9, min: 11%, max: 62%). The mean confidence tier in this area was 71% (SD=
9.18, min: 48%, max: 81%). The mean percentage of correct answers to questions about the conceptual
definition of ecological footprint (1st tier and 2nd tier) was 49% (SD= 24.07, min: 17%, max: 83%), and the
rate of confidence in the answers to these questions were 73% (SD=3.10, min: 69 %, max: 76%). The mean
percentage of correct answers about the effects of daily activities (e.g., consuming organic food,
exchanging clothes among friends) on the ecological footprint was 69% (SD=15.6, min: 38%, max: 91%),
and the confidence about these questions was 79% (SD: 3.6, min: 76, max: 81). Finally, the mean
percentage of correct answers to the area of ecological footprint components (e.g., meat consumption,
paper consumption, landfills) was 49% (SD= 18.5, min: 11%, max: 79%). The confidence rate in this area
was 66% (SD=11.2, min: 48, max: 79). According to these findings, while the students answered the
majority of content knowledge correctly (65%), they had difficulty giving the correct answer to
reasoning tier (40%). In addition, while the students answered the questions about the effects of daily
activities on the ecological footprint more easily, they had difficulties in the questions about the
conceptual definition and components of the ecological footprint. At the same time, students were most

confident in their answers (79%) about the effects of daily activities on the ecological footprint.

The percentages of correct answers of the students according to the tiers are given in Figure 1.

W Only first tiers First two tiers  m All three tiers
100
S0
80
ot 70
2 60
z 50
E 40
a 30
20
5 ) LRSI
D l
Mean Mean
a1 az Q3 (a1- | as ae a7 Qs Q5 Qlo Q11 Ql2 Q13 aQ5-
a3) Q13

H Only first tiers 18 83 53 51 53 77 53 78 75 63 a7 54 91 66
First two tiers 12 73 43 43 25 37 28 47 9 27 36 34 43 34
m All three tiers 20 45 24 43 7 21 27 21 39 28

Figure 1. The percentages of correct answers of the students according to the tiers (main study, n=397).

The questions from the first question to the third question were two tiers, and the questions
from the fifth question to the 13th question are three-tiers. Since the second and third tiers were not

included in the fourth question, it was not included in the graph. Figure 1 shows the average rates of
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students' answers to three tiers. In the first tiers, the correct answers were coded as “1” and the wrong
answers coded as “0”. In the first two tiers, the correct answers to both the content tier and the reasoning
tier were coded as "1", while the others were coded as "0". In all three tiers, those who answered both
tiers correctly and were sure, very sure and absolutely sure of their answers were coded as “1”, and the
others were coded as “0”. Accordingly, the correct answer rates of the students were calculated and the
graph in Figure 1 was created. As can be seen in Figure 1, as the number of tiers increased, the rate of
correct response decreased. Since the first three questions were about content knowledge and the degree
of confidence in the answer, there were two tiers. While calculating the first two tiers in these three
questions, those who answered the first question correctly and were sure, very sure and absolutely sure
of the answer were coded as “1”, and the other alternatives were coded as “0”. While the average of
only the first tier was 51% in these first three questions, this rate decreased to 43% in the first two tiers.
In the two-tier questions, the most correct answer in the first two tiers was the second question (unit of
ecological footprint), while the least correct answer was question 1 (definition of ecological footprint).
The questions in questions 5-13 are three tiers. For these questions, while the average of only the first
tier was 66%, the rate of those who answered both the content information and reasoning questions
correctly decreased to 34%, which decreased to 28% for all three tiers. Among the three-tier questions,
the question with the highest rate of correct answers in all three tiers was the 6% question (which
settlement has the largest ecological footprint?), while the least correct answer was the 9t question
(effect of paper consumption on the ecological footprint) with 7%. As a result, as the number of tiers

increased, the rate of correct answers to the questions decreased.
Discussion, Conclusion and Suggestions

This study is about adapting the three-tier ecological footprint diagnostic test into Turkish,

which can be used to measure high school students' conceptual understanding of ecological footprint.

The original test was developed by Liampa et al. (2019). The content of the test adapted into
Turkish is the same as the original one. Since only the fifth question in the test is about the ecological
footprint and biocapacity of Greece, this question has been revised based on Turkey's ecological
footprint and biocapacity values. As the ecological footprint of both Greece and Turkey is greater than
their biocapacity, only the numerical values differ in the content of the problem. The content of the

remaining questions is the same as being in the original one.

The KR-20 value was calculated to provide the reliability of the test and this value was 0.77 in
the main study. The Cronbach «a value was 0.85 for the items measuring how confident the students
were about their responses. In the original form of the test, the KR-20 value was 0.79, and the Cronbach
o value was 0.86, regarding how confident the participants were in their responses. In this respect, the

reliability of this test adapted to Turkish is similar to the original one. These results show that the test
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is valid and reliable. Tests that show a KR-20 value of 0.70 and above are considered reliable (Salkind,

2010).

Some of the studies related to the ecological footprint in Turkish literature are related to
calculating the ecological footprint scores of the participants (e.g., Keles, 2011), while some of them are
linked to revealing the ecological footprint awareness and views of the students (e.g., Artvinli, Aydin,
and Terzi, 2019; Cycling and Wind, 2019; Demirkol and Aslan, 2021). However, to our knowledge, no
test is available in the national literature that reveals students' conceptual understanding of ecological
footprint. Although the calculating students' ecological footprint scores gives important clues about
their environmentally friendly behaviors, they do not provide information about students' conceptual
understanding of ecological footprint. In recent years, the subject of ecological footprint has been
included in middle school science and high school biology curricula in Turkey and it is a new concept
for students. Thus, adapting this diagnostic test to Turkish can contribute to science education literature.
Conceptual understanding of the students about the subject can be determined. In this respect, through
this three-tier diagnostic test adapted into Turkish, the content knowledge of the students about the
ecological footprint, their reasons and how confident they are in their responses can be measured and
their misconceptions can be revealed. Moreover, this test can be used for evaluation purposes. The
effects of ecological footprint-oriented environmental education programs on students' conceptual

understanding of ecological footprint can be measured.

According to the results obtained from this study, students” average score of being confident
about the responses to the questions was quite high. However, the rate of correct responses to the first
two tiers (43%) and all three tiers (28%) is quite low. This result shows that students may have
misconceptions about the ecological footprint. Similarly, in the study conducted by Liampa et al. (2019),
while the general mean and rate of confidence in the ecological footprint diagnosis test were high, the
rate of those who answered correctly in the first two tiers (for the first three questions) and all three tiers
was quite low. According to Liampa et al. (2019), the concept of ecological footprint is a fairly new

concept and students have misconceptions even if they have training about this subject.

Although students’ content knowledge about the conceptual definition of the ecological
footprint is insufficient in this study, their content knowledge about the daily activities that affect the
ecological footprint is adequate. Liampa et al. (2019), on the other hand, found that participants' content
knowledge scores on the conceptual definition of ecological footprint were higher than the content
knowledge on daily activities affecting the ecological footprint and the components of the ecological
footprint. In this study, it can be concluded that the students responded more easily to the question
about the daily activities (question 4) that affect the ecological footprint since a practical activity related
to daily activities that increase or decrease the ecological footprint was conducted outside the classroom

At the same time, according to the results obtained from this study, it was determined that while the
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students answered the content knowledge questions easier in the ecological footprint test, they had
more difficulty in the second tier, that is asking the reasons of their responses. Liampa et al. (2019)
reached a similar conclusion, and the authors stated that the participants slightly improved their

conceptual understanding of the ecological footprint.

As a result, it was determined that the mean percentage of the students’ correct responses
decreased as the tiers of the test increased. The mean percentage of those who answered only the first
tier correctly is higher than those who answered the first two tiers correctly. The percentage of those
who answered all three tiers correctly is at the lowest level. Arslan et al. (2012) reached similar results
in their study on pre-service teachers' conceptual understanding of global warming. Liampa et al. (2019)

also obtained similar results in the ecological footprint diagnostic test that they developed.

In conclusion, it has been revealed that the three-tier ecological footprint diagnosis test, which
has made a contribution to the national literature through this study, is a valid and reliable test. This
test can be used to determine the students’ conceptual understanding of ecological footprint by
measuring their ecological footprint knowledge. Pesman and Eryilmaz (2010) emphasized that three-
tier diagnostic tests are more valid and reliable tests in identifying misconceptions as they measure the
concept more precisely. These tests can be used as an effective measurement tool in monitoring the
change in students’ content knowledge, reasonable knowledge and conceptual understandings in
science education (Caleon and Subramaniam, 2010). For example, it can be determined how students'
ecological footprint knowledge changes by designing an ecological footprint-oriented environmental

education program.

In this study, ecological footprint education was given to the students in line with the
suggestion of the test developers, and after this training, the test was applied. Although the purpose of
the present study was not to measure the impact of this training, this study provided us with some
findings. According to these findings, while this education develops the students’ content knowledge,
it was not very effective in improving their knowledge about the justification. In further studies, the
development of students' content knowledge and justification can be investigated by expanding the
duration and scope of ecological footprint education and increasing the number of activities in this
education. In addition, students' misconceptions of ecological footprint concept can be identified and

studies can be conducted to remediate these misconceptions.

The concept of ecological footprint is one of the important themes of education for
sustainability. Developing individuals' conceptual understanding of the ecological footprint concept
plays an important role in developing their sustainability awareness and increasing their
environmentally friendly behaviors. Thus, this concept can be incorporated more into science education
programs and this test can be used as a measurement and evaluation tool. Although this study was

implemented with high school students, in further studies, the validity and reliability of the test can be
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tested by applying it to pre-service and in-service teachers, and their conceptual understanding can be
identified. Finally, the ecological footprint understanding of students in Turkey and other countries can

be compared by conducting cross-cultural studies.

One of the limitations of the present study, which was also described by Liampa et al. (2019), is
that the participants scored how confident they were in their responses, both for content knowledge
and reasoning. In further studies, a four-tier diagnostic test can be developed and applied and students'
conceptual understandings can be investigated. Another limitation of this study is that the sample was
selected only from the province of Agri. In the future, by conducting further studies in different
geographical regions of Turkey, the validity and reliability of the test can be supported and students'

conceptual understanding can be explored.
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Ek 1: Ug Asamali Ekolojik Ayak Izi Tan1 Testi

1i. Ekolojik Ayak izi nedir?

a. Insanlarin gereksinimlerini karsilamak ve ortaya cikardiklari atiklarin yok edilmesi igin biyolojik
acgidan verimli olan karasal ve sulak alanlarin miktarini gosterir.

b. Tiikettigimiz cesitli tirtinlerin tiretiminde kullanilan dogal kaynaklarin asiri tiiketilmesinden
kaynaklanan gevresel sonuglardir.

c. Bir iirtin veya hizmetin tiretiminde dogrudan veya dolayl olarak salinan karbondioksit ve diger sera
gazlarmin toplam miktaridir.

d. Bir bolgenin tagima kapasitesidir.

e. Insanlarin gida ve dogal kaynak ihtiyaglarini karsilamak igin gerekli olan alandur.

f. Bir {ilkenin her bir vatandasimin bir giin, bir ay veya bir yilda tiikettigi dogal kaynaklarin ortalama
miktaridir.

1ii. Verdiginiz cevaptan ne kadar eminsiniz?
a. Sadece tahmin ediyorum.

b.Hig¢ emin degilim

c. Emin degilim

d. Eminim

e. Cok eminim

f. Kesinlikle eminim

2.i. Ekolojik Ayak izi nasil dlgiiliir?
a. Saatte bir joule

b. Kisi basina diigen kilokalori

¢. Kisi bagina diisen kiiresel hektar
d. Kilowatt saat

e. Kisi basina diisen dontim

f. Ton yada Kilogram

2.ii. Verdiginiz cevaptan ne kadar eminsiniz?
a. Sadece tahmin ediyorum.

b. Hi¢ emin degilim

c. Emin degilim

d. Eminim

e. Cok eminim

f. Kesinlikle eminim

3.i. Ekolojik ayak izi bize asagidakilerden hangisi ile ilgili bilgi verir?

a. Bir bolgenin zaman igerisinde kirlilikten arinma maaliyetini gosterir ve boylece farkli bolgeler ve
niifus gruplar1 arasinda karsilastirma yapmaya olanak saglar

b. Tiikettigimiz dogal kaynaklar1 g6z oOniinde bulundurarak diinya tizerindeki baskimiz
degerlendirmemizi saglar.

c. Farkli sosyal gruplarin enerji kullanimini gosterir ve bdylece karsilastirma yapilmasini ve maliyetin
adil dagilim icin harekete gecilmesine imkan verir.

d. Dogay1 tahrip eden insan faaliyetlerini tanimlar ve ¢evrenin korunmasi i¢in énerilerde bulunur.

e. Dogal kaynaklarin tiiketimini azaltmaya ve yenilenebilir enerji kaynaklarini kullanmaya yonelik
¢ozlimler sunar.

f. Kiiresel 1stnmaya neden olan insan faaliyetlerini gosterir.

3.ii. Verdiginiz cevaptan ne kadar eminsiniz?
a. Sadece tahmin ediyorum.

b. Hi¢ emin degilim

c. Emin degilim
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d. Eminim
e. Cok eminim

f. Kesinlikle eminim

4. Asagidaki ifadelerden her birinin ekolojik ayak izine etkisini isaretleyiniz.

Ekolojik Ekolojik Duruma gore | Ekolojik ayak izi
ayakizini | ayak izini degisir. tizerinde bir etkisi
artirir. azaltir. yoktur

4a. Her yemekte et, siit ve bunlardan
yapilan {iriinlerin tiiketilmesi

4b. Ticari olanlar yerine koyliilerin
bahgesinde iirettigi sebzelerin
turketilmesi

4c. Organik gidalarin tiiketilmesi

4d. Giysilerin elektrikli kurutucu ile
kurutulmasi

4e. Parklarin agaclar yerine ¢imlerle
yesillendirilmesi

4f. Giysilerin aile bireyleri ve
arkadaslarla degis tokus edilmesi

4g. Aligverisleri yakin ¢evrede
bulunan yerlerden yapilmasi

4h. Yeniden sarj edilebilir pillerin
kullanilmasi

4i. Cesitli otomobiller ve vasitalarla
ulasimin saglanmasi

5. Biyokapasite, yeryiiziiniin insanin doga tiizerindeki baskisini tasiyabilme smirlilifi anlamina
gelmektedir. Bir yerdeki ekolojik ayak izinin biyokapasiteyi asmasi oradaki dogal kaynaklarin
azalmaya bagladigim gosterir. Ornegin, 2012 yilinda Tiirkiye'nin ekolojik ayak izi 2.70 kiiresel hektar
ve kisi basina diisen biyokapasite orani 1.30 kiiresel hektardi. Norveg'in ise ekolojik ayak izi 4.92 kiiresel
hektar ve kisi basina diisen biyokapasite orani 5.40 kiiresel hektardir

5.i. Yukarida verilen bilgiye gore hangi tilke ekolojik tahribat yasamistir?

a. Turkiye
b. Norveg
c. Her ikisi
d. Higbiri

5.i. Yukarida Tiirkiye ve Norveg ile ilgili soruya verdiginiz cevabin nedeni nedir?

a. Ekolojik tahribat belli bir yilda ve belli bir bolgede biyokapasitenin ekolojik ayak izini asma miktarin
gosterir.

b. Her iki iilke de kisi basina 1 kiiresel hektardan daha fazla biyokapasiteye sahiptir.

c. Ekolojik tahribat bir niifusun ekolojik ayak izinin o niifusa ait biyolojik kapasiteyi asma miktarim
temsil eder.

d. Ekolojik tahribat, bir niifusun bir yillik ekolojik ayak izi ve biyokapasitesine bagldir. Bu sebeple
hem Tiirkiye hem de Norve¢'in ekolojik tahribati yiiksektir.

e. Diger.

5.ii. Verdiginiz cevaptan ne kadar eminsiniz?
a. Sadece tahmin ediyorum.
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b. Hi¢ emin degilim
c. Emin degilim

d. Eminim

e. Cok eminim

f. Kesinlikle eminim

6. A ve B yerlesim yerlerinin her birinde dort kisilik bir aile yasamaktadir. Bu iki ailenin de benzer
giinliik ihtiyaclari ve faaliyetleri oldugu diistiniilmektedir. Bu durumda, verilen iki resmi temel alarak

asagidaki sorulari cevaplaymiz.
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6i. Hangi yerlesim yerinin ekolojik ayak izi daha biiyiiktiir?
a. Yerlegke A

b. Yerleske B

c. Her ikisi de aymdir

6 ii. Yukaridaki yerlesim yerleriyle ilgili soruya verdiginiz cevabin nedeni nedir?

¢
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a. B yerleskesindeki aile, ihtiyaglarinin bir kismini evde {iirettikleri tirtinlerle karsilamakta ve atiklarinin
bir kismini geri doniistiirmektedir.

b. A yerleskesindeki aile organik iiriinler yetistirmektedir.

c. B yerleskesindeki ailenin ekolojik ayak izi daha biiytiiktiir ¢linkii her iki ailenin benzer ihtiyaglar:
oldugu diisiiniilse de, A konutunda yasayan aile, ihtiyacindan daha fazla enerji ve gida tiiketmektedir.

d. B yerleskesinin ekolojik ayak izi daha biiyiiktiir ¢linkii A yerleskesi biiyiik oranda diinyanin dogal
kaynaklarimi tiiketmektedir.

e. A yerleskesi alternatif enerji kaynaklarini kullandig; icin doga tizerinde baski kurmamaktadir.

f. Diger

6.iii. Verdiginiz cevaptan ne kadar eminsiniz?
a. Sadece tahmin ediyorum.

b. Hi¢ emin degilim

c. Emin degilim

d. Eminim

e. Cok eminim

f. Kesinlikle eminim

7.i. Et tiiketimi ekolojik ayak izini nasil etkiler?
a. Ekoloijik ayak izini arttirir

b. Ekolojik ayak izini azaltir

c. Duruma gore degisir

d. Ekolojik ayak izi {izerinde etkisi yoktur.

7.ii. Yukarida et tiiketimi ile ilgili soruya verdiginiz cevabin nedeni nedir?

a. Yem hayvanlar tarafindan tiiketilir ve verimli araziler bu hayvanlarin yetistirilmesi igin kullanilir.

b. Hayvanlarin beslenmesi, etin tasinmasi, titketimi ve ortaya ¢ikan hayvansal atiklarin yok edilmesi
i¢in bityiik miktarda yem, su ve enerji kullanilir.

c. Et tiretimi icin daha fazla sayida hayvanin kesilmesi popiilasyonlarini azaltir ve besin zincirini bozar.
d. Et tiretimi kiiresel 1sitnma ile ilgilidir. Ekolojik ayak izi ile bir ilgisi yoktur.

e. Et tliketimi, sadece tiiketim amaciyla yetistirilen hayvanlardan saglandig: igin ekolojik ayak izine
hicbir etkisi yoktur ve dolayisiyla vahsi hayvanlarin sayis1 azalmamaktadir.

f. Diger

7.iii. Verdiginiz cevaptan ne kadar eminsiniz?
a. Sadece tahmin ediyorum.

b. Hi¢ emin degilim

c. Emin degilim

d. Eminim

e. Cok eminim

f. Kesinlikle eminim.

8.i. Yol ve bina yapimi ekolojik ayak izini nasil etkiler?
a. Ekolojik ayak izini artirir.

b. Ekolojik ayak izini azaltir.

c. Duruma gore degisir.

d. Ekolojik ayak izi tizerinde etkisi yoktur.

8.ii.Yukarida yol ve bina yapimu ile ilgili soruya verdiginiz cevabin nedeni ne olabilir?

a. Yol ve bina yapimu i¢in dogal kaynaklar kullanilmaktadir.

b. Biyolojik agidan verimli olan topraklar yol ve bina yapimi i¢in isgal edilir ve bu ingaat igleri igin enerji
kullanilir.
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c. Yol ve bina yapimi yasamin devamlilig i¢in gerekli olan ormanlik alanlari azaltir.

d. Bina ve altyap: ¢alismalarinda fosil yakitlardan elde edilen enerji kullanilir. Eger bu ¢alisamalarda

yenilenebilir enerji kaynaklar1 kullanilsaydi ekolojik ayak izi daha biiyiik olurdu.
e. Yol ve bina insaat1 insan yapimidir ve dogal gevre ile bir iligkisi yoktur
f. Diger

8.iii. Verdiginiz cevaptan ne kadar eminsiniz?
a. Sadece tahmin ediyorum.

b. Hi¢ emin degilim

c. Emin degilim

d. Eminim

e. Cok eminim

f. Kesinlikle eminim

9i. Kagit tiiketimi ekolojik ayak izini nasil etkiler?
a. Ekoloijik Ayak Izini Artirir

b. Ekolojik ayak izini Azaltir

c. Duruma gore degisir.

d. Ekolojik ayak izi tizerinde etkisi yoktur

9ii.Yukarida kagzt tiiketimi ile ilgili soruya verdiginiz cevabin nedeni nedir?
a. Kagit tiiketimi ekolojik ayak izinin hesaplanmasina dahil edilir.

b. Ormanlik alanlarin azalmasiyla atmosferdeki karbondioksit miktar: artar.
c. Agaclarin kesilmesi ile ormansizlasma artar ve biyokapasite azalir.

d. Kagit {iretimi i¢in, karbondioksiti 6ziimseyen agaglar kesilir ve enerji tiiketilir. Bu durum ekolojik

ayak izini etkiler.

e. Kagit tiiketiminin ekolojik ayak izini etkileyip etkilememesi kagidin geri déniisiimiine baghdir. Bu

durumda kagit yeniden kullanilacagindan agag kesmeye gerek kalmaz.
f. Diger

9.ii. Verdiginiz cevaptan ne kadar eminsiniz?
a. Sadece tahmin ediyorum.

b. Hi¢ emin degilim

c. Emin degilim

d. Eminim

e. Cok eminim

f. Kesinlikle eminim

10.i. Cop sahalar (kat1 atik sahalar1) ekolojik ayak izini nasil etkiler?

a. Ekolojik ayak izini artirir.

b. Ekolojik ayak izini azaltir.

c. Duruma gore degisir.

d. Ekolojik ayak izi {izerinde etkisi yoktur.

10.ii. Yukarida ¢op sahalari ile ilgili soruya verdiginiz cevabin nedeni nedir?
a. Cop sahalar1 bulasic1 hastaliklara yol agar ve insanlarda saglik problemlerine neden olur.

b. Cop sahalarindaki atiklarin yakilmasindan dolay1 atmosferdeki karbondioksit miktar: artar.

c. Cop sahalarinda atiklarin bir kismi geri doniistiiriiliir ve yeniden kullanilir.

d. Cop sahalarinda, yeniden kullanilabilecek dogal kaynaklar kaybedilir, atik yonetimi icin enerji

harcanir ve karbondioksit salinimi gergeklesir.
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e. Cop sahalar1 yagam dongiisiinii tamamlamus iiriinleri depoladiklari i¢in ekolojik ayak izine herhangi
bir etkileri yoktur.
f. Diger

10.iii. Verdiginiz cevaptan ne kadar eminsiniz?
a. Sadece tahmin ediyorum.

b. Hi¢ emin degilim

c. Emin degilim

d. Eminim

e. Cok eminim

f. Kesinlikle eminim

11.i. Binalarin 1sitilmasi ve sogutulmasi ekolojik ayak izini nasil etkiler?
a. Ekolojik ayak izini artirir.

b. Ekolojik ayak izini azaltir.

c. Duruma gore degisir.

d. Ekolojik ayak izi tizerinde etkisi yoktur

11.ii. Binalarin 1sitilmast ve sogutulmas: hangi nedenle ekolojik ayak izini etkiler?

a. Isitma/sogutma ve bu islemler igin gerekli ara¢ gereglerin {iretiminde genellikle fosil yakitlardan
iiretilen enerji kullanlir. Bu da, atmosferde karbondioksit salinimir arttirir.

b. Isittma/sogutmanin ekolojik ayak izini etkileyip etkilememesi, alternatif 1sitma/sogutma
yontemlerinin kullanilip kullanilmamasina baglidir, ¢iinkii ikinci durumda ekolojik ayak izi artmaz.
c.Isitma/ sogutma sirasinda atiklar ortaya ¢ikar ve bunlar gevre kirliligine neden olur.

e. Isitma/sogutmanin etkileri ekolojik ayak izi ile degil enerji ayak izi ile ilgilidir.

f. Diger...

11.iii. Verdiginiz cevaptan ne kadar eminsiniz?
a. Sadece tahmin ediyorum.

b. Hi¢ emin degilim

c. Emin degilim

d. Eminim

e. Cok eminim

f. Kesinlikle eminim

e I Y

12. Yukaridaki besin zincirine gore asagidaki sorular1 cevaplandiriniz.

12i. 1kg Sardalya balig1 ile 1 kg Ton baliginin tiiketimi iliskilendirildiginde, Ton balig1 tiiketiminin
ekolojik ayak izine etkisi nedir?

a. Ekolojik ayak izini artirir.

b. Ekolojik ayak izini azaltir.

c. Duruma gore degisir.

d. Ekolojik ayak izi {izerinde etkisi yoktur.

12.ii. Yukarida ton balig: tiiketimi ile ilgili soruya verdiginiz cevabin nedeni nedir?

a. Balik tiiketimi ekolojik ayak izini etkilemez.

b. Sardalya baliklar1 ton baliklarindan daha kiigiiktiir, bu nedenle onlar1 avlamak icin daha az kaynak
gereklidir.

¢. Bu durum, bu iki balik tiiriiniin avlandigi bolgeye gore degisir.
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d. Sardalyalar besin zincirinde ton baligindan daha diisiik bir seviyede oldugundan, 1 kg Sardalya
iiretimi i¢in daha az enerji gereklidir.

e. Ton balig1 Sardalya baligina kiyasla besin zincirinde daha yiiksek bir seviyede oldugundan, 1 kg Ton
balig1 iiretimi i¢in daha fazla enerjiye ihtiya¢ duyulur.

12.iii. Verdiginiz cevaptan ne kadar eminsiniz?
a. Sadece tahmin ediyorum.

b. Hi¢ emin degilim

c. Emin degilim

d. Eminim

e. Cok eminim

f. Kesinlikle eminim

13. Evin bahgesinde sebze yetistirmenin ekolojik ayak izini azaltmada etkisi var midir?
a. Evet b. Hayir

13.ii. Yukarida verdiginiz cevabin nedeni nedir?

a. Evin bahgesinde sebze yetistirmek, tarima elverisli araziler ve bircok dogal kaynagin kullanilmasiru
gerektirir.

b. Evin bahgesinde sebze yetistirmek sebzelerin islenmesi ve tasinmasi i¢in gereken enerjiyi biiyiik
Olclide azaltir.

c.Insanlar tiikettikleri gidalari gevre dostu bir sekilde iiretirler.

d. Insanlar evin bahgesinde sebze yetistirerek kimyasal giibre kullanmadan organik {iriinler
tiiketebilirler.

e. Diger

13.iii. Verdiginiz cevaptan ne kadar eminsiniz?
a. Sadece tahmin ediyorum.

b. Hi¢ emin degilim

c. Emin degilim

d. Eminim

e. Cok eminim

f. Kesinlikle eminim
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