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Bu arastirmada altinci sinif égrencilerinin hiicre boélinmeleri konusundaki
bilgi farkindaliklari ile sahip olduklari kavram yanilgilarinin belirlemesi
amagclanmistir. Arastirma, izmir sehir merkezindeki bir devlet okulunda
Oogrenim goren 388 (184'U kiz, 204’G erkek) ortaokul 6grencisi ile
yurtilmastir. Ogrencilerin hiicre konusundaki bilgi farkindaliklari ile kavram
yanilgilarinin tespitinde Hiicre Kavramsal Olgme Araci (HKOA) kullaniimistir.
Verilerin analizinde ise betimsel istatistik tekniklerinden yararlaniimistir. Elde
edilen bulgular, &grencilerin hiicre konusunda disuk kavramsal bilgi
dizeyine sahip olduklarini goéstermistir. Diger yandan &grenci yanitlarinin
gliven diuzeylerine dayali analizi neticesinde 6grencilerin bilimsel gerceklerle
uyusmayan kavramlara kendilerinden emin sekilde yanit verdigi
belirlenmistir. Bu baglamda doérdu glglu dizeyli, altisi orta dizeyli olmak
Uzere on kavram yanilgisi tespit edilmistir. Sonug olarak, belirlenen kavram
yanilgilar icerisinde yer alan gugli dizeyli yanilgilarin varligi égrencilerin
bilissel yapisina daha siki tutunan kavram yanilgilarinin bulunduguna isaret
etmektedir.

© 2019AUJES. Tum haklari sakhdir
Anahtar Kelimeler: Altinci Sinif, Bilgi Farkindaligi, D6rt Asamali Test, Hicre,
Kavram Yanllgisi

Genis Ozet

Amag

Bireysel yasantilar yoluyla bilissel yapiya tutunarak yeni bilgi ve becerilerin

ediniimesine engel olan, bilimsel goérlgsler ile uyusmayan bilgiler kavram yanilgisi olarak
nitelendiriimektedir (Baki, 1999; Hasan, Bagayoko ve Kelley, 1999; Wessel, 1999). Temel
kavramlarinin birgogunun soyut icerige sahip olmasi nedeniyle Fen Bilimleri kavram
yanilgilarinin gézlendigi alanlarin basinda gelmektedir. Kavram 6gretiminde 6gretmenlerin en
cok zorlandidi1 ve kavram yanilgilarinin siklikla gézlendigi fen konularindan birisi de “hlcre”
konusudur (Ecevit ve Simsek, 2017; Glnes ve diger., 2010). Fen dersinin temel
konularindan biri olan hicre konusu farkli egitim kademelerinde &grenciler igin soyut ve

anlasilmasi zor kavramlardan birisi olarak kabul edilmektedir (Dreyfus ve Jungwirth, 1988;
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Flores, Tovar ve Gallegos, 2003; Kawalkar ve Vijapurkar, 2009; Kose, 2014). Kavram
yanilgilarinin teshisinde mulakat, kavram haritalari sézcuk iligskilendirme testleri, ¢izim,
kavram karikaturleri kullanilsa da siklikla goktan segmeli testler tercih edilmektedir (Pesman
ve Eryilmaz, 2010; Tan ve diger., 2002; Taglidere, 2016; Ugur, 2010). Coktan se¢gmeli testler
zaman iginde gerekce ve glven asamalarinin eklenmesiyle iki, 4¢ ve dort asamali olarak
gelistiriimistir. Ancak hlcre konusundaki kavram yanilgilarinin teshisinde ¢ogunlukla goktan
secmeli ve acglk uclu testler ile mulakatlar (Genger, 2006; Kawalkar ve Vijapurkar, 2009;
Tambo, Mukaro ve Mahaso, 2003) tercih edilmektedir. Diger yandan hiicre konusunda dort
asamall testlerin kullanimina iliskin bir caligmaya ise rastlaniimadigindan yurutulecek
calismanin bu alandaki boslugu dolduracagi disdndimektedir. Bu baglamda, yuritilen
calismanin temel amaci, altinci sinif 6grencilerinin hicre boélinmeleri konusundaki bilgi

farkindaliklari ile sahip olduklari kavram yanilgilarinin belirlemektir.
Yontem

Arastirmada altinci sinif 6grencilerinin hiicre konusundaki bilgi farkindaliklari ile sahip
olduklari kavram yanilgilari incelendiginden tarama modeli benimsenmistir. Arastirmanin
calisma grubunu, 2017-2018 egitim- dgretim yilinda izmir sehir merkezindeki bir devlet
ortaokulunun altinci sinifinda 6grenim goren 184°U kiz (%47.4) ve 204’0 erkek (%52.6) olmak
Uzere rastgele segilen toplam 388 dgrenci olusturmaktadir. Veri toplama araci olarak onalti
sorudan olugan Dért Agamali Hiicre Kavramsal Olgme Araci (HKOA) kullaniimistir. Testin
tamamina ydnelik analiz sonuglarina gére ortalama guglik indeksi .39 ve ayirt edicilik indeksi
.72 olarak hesaplanmistir. Cronbach alpha guvenilirlik katsayisi ise bir asama, iki asama, Ug¢
asama ve dort asama igin sirasiyla .72, .86, .89 ve .90 olarak belirlenmigtir. Bunun yani sira
Olgcme aracinin yapi gegerligi yéninden cevap ve gerekge asamalarinda verilen yanitlardan
ne derece emin olundugunun belirlenmesi gerekmektedir (Caleon ve Subramaniam, 2010b;
Kaltakgi, 2012). Bu dogrultuda cevap ve gerekge asamalarindan alinan puanlar ile given
asamalarindan alinan puanlar arasindaki iligki Pearson momentler carpimi korelasyon
katsayisi ile arastirlmis olup degiskenler arasinda pozitif, orta dizeyli ve anlamli bir iligki

oldugu belirlenmisgtir.
Bulgular

Galisma sonucu elde edilen veriler incelendiginde, 6grencilerin kavramsal anlama
dizeylerinin asama sayisi arttikga belirgin sekilde azaldigi (bir asama: %52, iki asama: %40,
Uc asama: %36 ve dort asama: %33) belirlenmistir. Ogrencilerin yalniz %33’lik kisminin
teste dogru yanit vermesi hicre konusunda disik kavramsal anlama dizeylerinin
bulunduguna gdstermektedir. Buna ek olarak testin genelinde &drencilerin %60’ verdikleri

yanitlardan emin olmasina karsin yalnizca %33’Gnin dogru yanit vermesi, yanhs
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yanitlarindan da emin olan égrencilerin varligina diger bir degisle kavram yanilgilarina isaret
etmektedir. Diger yandan dort asamali testin cevap ve gerek¢e asamalari farkl bilgi dizeyini
Olcebilecedinden ayri birer soru olarak algilanabilmektedir (Caleon ve Subramaniam, 2010b;
Griffard ve Wandersee, 2001; Tsai ve Chou, 2002). Bu nedenle guven duzeylerine yonelik
biribiri ile iligkili Given Ortalamasi (GO), Dogru Cevap Guven Ortalamasi (DGO), Yanls
Cevap Guven Ortalamasi (YGO) ve Guven Ayrim Orani (GAO) degiskenlerine yonelik
hesaplamalar yapiimistir. Gldven asamalarina verilen yanitlar “1”-“6” arasinda
puanlandirildigindan guven duzeyinin (GD) net belirlenebilmesi igin esik deger “3.5” olarak
kabul edilerek puanlama yapilmistir. Buna goére “GD<3.5” halinde dusik given dizeyi,
“GD>3.5" halinde ise ylksek glven dizeyi seklinde dederlendirme yapilmistir. Elde edilen
sonugclar égrencilerin yiksek given dlzeyi esliginde sorulara yanit verdigini géstermektedir.
GAO degiskeni 6grencilerin bildikleri ile bilmediklerini ayirt edip edemediklerini ifade eden bir
gostergedir. Pozitif GAO; dogru yanit veren ve yanitlarina yonelik ylksek gliven diizeyine
sahip ogrencilerin varligini, negatif GAO ise yanlis yanit veren ancak verdikleri yanitlarin
dogruluguna yodnelik yiksek glven diizeyine sahip 6grencilerin varlhidini ifade etmektedir.
Buna gore testin genelinden elde edilen sonuglar, 4, 7, 10 ve 13.sorularda yanlis yanit veren

ve yanitlarinin dogrulugundan emin olan égdrencilerin daha fazla olduguna isaret etmektedir.

Kavram yanilgilarinin teshisi asamasinda HKOA’ndaki her bir sorudaki celdiriciler ayri
ayri degerlendirilmigtir. Bunun yani sira kavram yanilgilarini given duzeyi ortalamalarini da
dikkate alarak; GO degeri U¢ bucuk Uzerinde olanlar (GO>3.5) “Ger¢cek Yanilgi” ve GO
degeri U¢ buguk ve altinda olanlar (GO<3.5) “Suni Yanilgr’ seklinde iki grupta incelenmistir.
Ayrica gergek yanilgilarda kendi icinde “Glglii Yanilgilar’ (GO24.0) ve “Orta Diizeyli
Yanilgilar’ (3.5<G0<4.0) olmak Uzere iki alt gruba ayrilmaktadir. Sonu¢ olarak elde edilen
bulgular 1siginda on farkli kavram yanilgisi teshis edilmistir. Buna goére; “Bitki hicresi
yuvarlak,hayvan hicresi kdseli yapidadir.(KY1; %15)”, “Hicre duvari hiicre zar ile birlikte
esnek yapilidir. (KY5; %10)”, “Hlcrede sindirim, solunum, bosaltim gibi yasamsal olaylar
cekirdekte gergeklesir. (KY6; %10)” ve “Mitokondri blylk molekllli besinleri parcalama
go6revi yaratar. (KY9; %11)” kavram vyanilgilari Gagli Yanilgr kategorisinde, “Cekirdek
icermeyen gelismis canlilarda hlcre iki kisimdan olusur.(KY2; %16)”, “Bitki hicrelerinde
hucre zari varken hayvan hicrelerinde bulunmaz. (KY3; %10)”, “Hucrede enerji Uretiminden

endoplazmik retikulum sorumludur. (KY4; %10)”, “Hucre zari ve hucre duvarl segici
gecirgendir. (KY7; %11)”, “Hlcre zari ve hucre duvari koruyucu 6zellikleri nedeniyle sert
yapilidir. (KY8; %11)” ve “ilkel ya da gelismis tim hiicreler gekirdek igerir. (KY10; %19)”

kavram yanilgilari ise Orta Duzeyli Yanilg kategorisinde degderlendirilmigtir.
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Tartigma ve Sonug

Calismadan elde edilen veriler degerlendirildiginde, 6grencilerin hiicre konusunda disik
kavramsal anlama dizeyine sahip olduklari ile konu hakkinda dogru ve yanhs bilgiyi net
olarak ayirt edemedikleri sonucuna ulagilmistir. Ogrencilerin verdikleri yanitlarina iliskin
glven duzeyleri dogru ve yanlg bilginin dogruluguna olan bagliliklarini, dolayisiyla bilgi
farkindaliklarini ifade etmektedir. Dogru bilgiyi yanhs bilgiden ayirt edebilen 6grenciler
bilimsel bilgiye sahip olduklari ydonunde degerlendirilmistir. Bunun aksine 6grenciler arasinda
dogru bilgiye olduga kadar yanlis bilginin de dogrulugundan olduk¢a emin olan 6grencilerin
varligi ise kavram yanilgilarina isaret etmektedir. Arastirma sonucunda ulasilan veriler de
ogrenciler arasinda belirgin kavram yanilgilarinin bulundugunu goéstermistir. Verilen yanitlar,
bu vyanitlara dayali glven dlzeylerine yoénelik elde edilen veriler ile birlikte
degerlendirildiginde dordu guclu duzeyli, altisi orta dlzeyli olmak Gzere on kavram yanilgisi
belirlenmigtir. Dolayisiyla belirlenen kavram vyanilgilar icerisinde yer alan gucli duzeyli
yanilgilarin varligi 6grencilerin bilissel yapisina daha siki tutunan kavram yanilgilarinin
bulundugu sonucunu beraberinde getirmistir. Bu durum, kavram vyanilgilarinin 6gretim
asamalarinda dikkate alinmasi gerektigi yoninde dederlendirilebilir. Bu baglamda calisma

sonucunda ulasilan sonugclar uyarinca su 6nerilere yer verilebilir.

o Cok asamall ¢coktan se¢gmeli testlerin kavram yanilgilarinin teshisinde kullaniminin
yayginlastiriimasi ile elde edilen tim verilerin birlikte degerlendiriimesi daha net

sonugclara ulasiimasini mamkin kilabilir.

e HKOA ilkégretim ve ortadgretim diizeyinde hiicre konusundaki kavram yanilgilari,

bilgi farkindaliklar ve kavramsal anlama duzeyini belirlemede kullanilabilir.

e Calisma kapsaminda hlcre konusundaki kavram yanilgilari belirlenmis olup;
bundan sonraki ¢alismalarda, bu galismada ve alanyazindaki diger calismalarda
belirlenen kavram yanilgilarinin nedenlerinin belirlenmesine ve/ve ya gideriimesine

caligilabilir.

e Hucre gibi soyut icerige sahip konularla ilgili alanyazinda belirlenen kavram
yanilgilarinin takip edilmesi, kavram yanilgilarinin énlenmesine yonelik yontem,

teknik ve stratejilerin belirlenmesinde yol gosterici olacaktir.

e Kavram yanilgilarinin 6gretim basamaklarindaki kilit roli disunulduginde 6gretim

faaliyetlerini yirttenlerin bilinglendiriimesi énem arz etmektedir.

e Gerek Universite dlzeyinde ders iceriklerine kavram yanilgilarinin dahil edilmesi,
gerekse 6gretmenlerin bu konuda bilgilendiriimesi amaciyla hizmet i¢gi egitimlerin

dizenlenmesi gerekmektedir.
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Article History: In this study, the purpose is to determine the misconceptions and knowledge
Received awareness of sixth grade students about the cell by using four tier Cell
06.04.2018 Conceptual Measuring Tool (CCMT). The study was conducted with 388
Received in revised (184 female and 204 male) students studying at a state middle school in
form 08.01.2019 Izmir city center. In the analysis of the data, descriptive statistical techniques
Accepted were used. According to the results obtained, it was determined that the
22.02.2019 students had low conceptual understanding rates about the cell. In the other
Available online hand, it has been determined that students respond confidently to concepts
30.06.2019 that are incompatible with scientific facts as a result of analysis of student
Article Type: responses based on confidence levels. In this context, ten different
Research Article misconceptions have been identified, four of them are strong-level and six

are intermediate-level. As a result, the presence of strong-level
misconceptions within the identified misconceptions indicates that there are
misconceptions which are more tightly adhered to the cognitive structure of
the students.
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Introduction

Individuals, since the first years of life, to make sense of the world around
them, construct many concepts by creating cognitive models (Allen, 2014). But
sometimes they prefer to construct related concepts meaningfully in their own way.
Some of these (preliminary) information structured prior to formal education often
does not correspond to scientific facts. Therefore, individuals come to school with
these preliminary information (Allen, 2014; Duit and Treagust, 2003; Treagust, 1988;
Wessel, 1999). In the literature; for these preliminary information, different terms such
as naive knowledge (Klopfer, Champagne and Gunstone, 1983), pre-concept
(Hashweh, 1988), alternative structure (Pfundt and Duit, 1991), alternative concept
(Driver and Easley, 1978; Trowbridge and Mintzes, 1985), children's science
(Osborne and Freyberg, 1985), alternative framework (Watts, 1981; 1983),
alternative view (Stewart and Dale, 1990) and misconception (Helm, 1980) are used.

"Corresponding author’s address: Ministry of Education, Gazi Middle School, Buca, izmir
e-mail: chnbzd@gmail.com
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In the literature, the term of “misconception” is the most preferred term among these
terms. Misconceptions are considered as information that prevents the acquisition of
new knowledge and skills by clinging to the cognitive structure through individual
experiences and as information incompatible with scientific opinions (Baki, 1999;
Hasan, Bagayoko and Kelley, 1999; Wessel, 1999).

One of the objectives of the science course is to make students make sense of
the concepts fully and correctly. Since basic science concepts form the basis of
advanced concepts, it is extremely important to learn these concepts in a meaningful
way for an adequate science education (Cepni, Urey and Cil, 2009). However, most
of the basic science concepts have abstract content. In this respect, science is one of
the areas where misconceptions are frequently encountered. One of the science
subjects in which the teachers have the most difficulty and misconceptions are
frequently observed in concept teaching is the subject of “cell” (Ecevit and Simsek,
2017; Gunes et al., 2010). The subject of cell, which is one of the basic subjects of
science course, is considered as one of the abstract and difficult concepts to
understand for students at different educational levels (Dreyfus and Jungwirth, 1988;
Flores, Tovar and Gallegos, 2003; Kawalkar and Vijapurkar, 2009; Kose, 2014).
Therefore, diagnosing the knowledge levels and misconceptions of the students
regarding the cell are important. Many studies conducted in recent years in the field
of cell may be classified as determination of misconceptions in different teaching
levels (Cavas and Kesercioglu, 2010; Kawalkar and Vijapurkar, 2009; Dreyfus and
Jungwirth, 1988; Hailegebriel, 2014; Tambo, Mukaro and Mahaso, 2003; Genger
2006), determination of conceptual knowledge level (Yiice, Onel and Bekis, 2016;
Tastan Kirik and Kaya, 2014; Onel, Yice and Yesilyurt, 2015a; 2015b), analysis of
effective teaching method techniques on learning (Kése, 2014; Cepni, Urey and Cil,
2009; Ormanci and Balim, 2016; Kaynar, 2007; Yakisan, 2008; Guler, 2011; Furkan,
2016) to develop tools for the diagnosis of misconceptions (Tsai and Chou, 2002;
Genger, 2006).

Due to the fact that its microscopic structure is difficult to revive in the mind,
the cell subject is considered as a difficult concept to be understood by the students
in different grade levels (Tastan Kirik and Kaya, 2014; Onel et al., 2015a). Therefore,
many misconceptions have been identified in different class levels related to cell
subject in the literature. The most common misconceptions in the cell have been
observed in the concepts regarding the differences in plant and animal cells. For
example, it is the most common misconception that animal cells contain a cell wall
(Cavas and Kesercioglu, 2010; Hailegebriel, 2014; Tastan Kirik and Kaya, 2014;
Onel et al., 2015a, 2015b; Yiice, Onel and Bekis, 2016). Besides, misconceptions
such as that plant cells contain centrosome (Genger, 2006; Tastan Kirik and Kaya,
2014; Kdse, 2014) or animal cells contain chloroplasts (Genger, 2006; Tastan Kirik
ve Kaya, 2014; Kose, 2014; Kose, 2014; Onel et al., 2015a, 2015b) have also been
identified. As a matter of fact, the findings of the study suggesting that the
presentation of the cell subject in the form of plant and animal cells will cause
learning obstacles (Clément, 2007) indicate that it is possible to determine
misconceptions in this way. On the other hand, the structures where vital events such
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as respiration, digestion and excretion occur in the cytoplasm in the cell are called
organelles. The structure, function and cell type of each organelle may be similar or
different. However, as seen in many studies, it has been identified that the students
have views incompatible with the scientific information; such as that all the cells
contain the same organelles (Hailegebriel, 2014), mitochondria are found only in a
plant or only in an animal cell (Genger, 2006; Koése, 2014), mitochondria,
centrosomes or chloroplast organelles are responsible for protein synthesis (Kose,
2014). As it is known, the smallest unit of the living creature that shows vitality is
defined as cell. On the other hand, while misconceptions in the definition tier of the
cell are encountered among the students (Genger, 2006; Kawalkar and Vijapurkar,
2009), misconceptions in the drawing tier of the basic cell form (Hasiloglu and
Eminoglu, 2017; Kawalkar and Vijapurkar, 2009; Tambo, Mukaro and Mahaso, 2003)
have also been observed. In addition, misconceptions such as that the cell is the
smallest structure unit of only plant or only human (Genger, 2006), the cells just fill
the inside of living creature instead of creating the body of it (Dreyfus and Jungwirth,
1988; Kawalkar and Vijapurkar, 2009) or the cells are made up of tissues (Cavas and
Kesercioglu, 2010) have also been observed.

Misconceptions are likened to the short-circuiting wires since they disrupt the
meaning unity between the concepts (Bahar, 2003). From this respect, they are seen
as barriers that prevent meaningful and permanent learning (Allen, 2014; Dauvis,
1997). Therefore, it is important to determine the misconceptions as soon as possible
because they put up resistance against the acquisition of new information (Hasan,
Bagayoko & Kelley, 1999; Hermita et al., 2017). Even though interviews, concept
maps, word association tests, drawing, concept cartoons are frequently used in the
identification of misconceptions, multiple choice tests are preferred frequently
(Pesman and Eryilmaz, 2010; Tan et al., 2002; Tashdere, 2016; Ugur, 2010).
However, multiple-choice tests are inadequate to distinguish between the students
giving the correct answer consciously and the ones giving the correct answer by luck.
Eventually, this deficiency has been tried to be remedied by adding the reasoning tier
in which the reason for the answer has been questioned (Treagust, 1985). As for two-
tier tests designed in this way, the fact that the wrong answerers to both tiers are
evaluated in terms of misconception leads to ambiguity. This ambiguity has been
tried to be eliminated by adding a third tier (confidence tier) regarding to what extent
the answerers feel confident about the answers given (Caleon and Subramaniam,
2010a; Hasan, Bagayoko and Kelley, 1999). However, the study findings that the
participants could evaluate the tiers of question and reason as separate questions
and that the level of confidence could therefore be different for each tier have
required the addition of a second tier of confidence to the three-tier tests (Caleon and
Subramaniam, 2010b; Griffard and Wandersee, 2001; Hermita et al., 2017; Kaltakci,
2012). Therefore, in four-tier tests that have replaced the three-tier tests, which have
often been preferred in recent years, there are separate tier of confidence for both
guestion and reason tiers. Therefore, the increase in the number of tiers in multiple-
choice tests has brought more detailed analysis results as well (Kaltakgi, 2012).
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Although the use of four-tier tests in the identification of misconceptions in
science education has increased in recent years (Hermita et al., 2017; Kaltakgl,
2012; Kaltak¢r Gurel, Eryilmaz and McDermott, 2015; 2017; Sreenivasulua and
Subramaniam, 2013; Taslidere, 2016), in the identification of misconceptions about
cell; multiple-choice tests, open-ended tests and interviews (Genger, 2006; Kawalkar
and Vijapurkar, 2009; Tambo, Mukaro and Mahaso, 2003) are preferred mostly.
Besides, there is no study on the use of four-tier tests on the cell. In addition; the fact
that the study findings, where misconceptions that have been identified based on the
multiple-choice test answers and the level of confidence analyses on the basis of
tiers have been evaluated together, are limited has formed the other starting point of
the study. Therefore, in order to determine the knowledge awareness and
misconceptions of the sixth grade students about cell, the four-tier “Cell Conceptual
Measurement Tool (CCMT)” has been used. In this context, the main aim of the study
is to determine the knowledge awareness and misconceptions of the sixth grade
students about the cell.

Method
Research Model

In the research, the screening model has been adopted since the sixth grade
students' cell knowledge awareness and misconceptions are examined. Screening
models are arrangements made in a universe composed of many elements on a
whole universe or a group to be taken from it in order to make a general judgement
about the universe (Karasar, 2009).

Study Group

The study group consisted of 388 students randomly selected as 184 girls
(47.4%) and 204 boys (52.6%) in the sixth grade of a state secondary school in izmir
city centre in 2017-2018 school year. In the study, for the choice of sampling to
represent the universe, random choice was used among the students with similar
characteristics in terms of socio-economic characteristics. The most important feature
of this sampling method is that all units in the universe have an equal and
independent chance to be selected for the sample (Blyukozturk et al., 2014).

Data Collection Tool

In order to determine the cell knowledge awareness and misconceptions of the
sixth grade students, the four-tier CCMT has been used in accordance with the
achievements in the science curriculum (Ministry of Education, 2013). In the
preparation of the measuring tool; studies in literature, textbooks, interviews with
course teachers, students' opinions in class and their answers in written exams were
taken into consideration. The conceptual measuring tool consists of four tiers of
multiple choice sixteen questions. The first tier consists of three multiple choice
options with the correct answer with distractors, including possible misconceptions.
The second tier is the tier of confidence regarding to what extent the students are
confident about their answers they gave in the first tier. The third tier consists of
three-choice multiple choice options where the students provide reasoning for their
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answers given at the first tier. In addition to these, in case the students cannot find
the appropriate reasoning for them, there is a blank space in which they can express
their reasons. The fourth tier is the second tier of confidence regarding to what extent
the students are confident about their answer they have given in the third tier. There
are six options which are rated between “1’and “6” in the confidence tier respectively,
“Just guess”, “I'm not too sure”, “I'm not sure”, “I'm sure”, “I'm pretty sure” and “I'm
absolutely sure”. In the preparation of the questions, achievements regarding cell
subject in the curriculum of science course, the textbook, the questions prepared for
determination the misconceptions in the literature, the suggestions of the course
teachers and experts and the opinions of the students and the answers given in the
written exams have also been used. By determining the data set of lower and upper
groups 27% concerning the measuring tool, item difficulty of the first tier has been
identified as ranging between .41-.71, discrimination of it between .32-.70; item
difficulty of the two tiers between .31-.60, discrimination of it between .40-.81; item
difficulty of three tiers between .24-.55, discrimination of it between .45-.88; ; item
difficulty of four tiers between .23-.51, discrimination of it between .38-.95. It is
recommended that the difficulty index of a test item be in the range of .20-.80 and the
index of discrimination be greater than .30 (Alici et al., 2011). Therefore, it has been
determined that it is appropriate according to the data obtained from the CCMT in
terms of item difficulty and discrimination.

On the other hand, the Cronbach's alpha coefficient should be greater than .70
in order to be considered a reliable measuring tool (Buyukozturk et al., 2014). The
Cronbach alpha reliability of the conceptual measuring tool with sixteen questions
has been determined as .72, .86, .89 and .90 for one tier, two tiers, three tiers and
four tiers, respectively. According to these results, we can say that the four-tier
CCMT has an assessment reliability. In addition to this, it is necessary to determine
to what extent the students are confident about the answers given in the answer and
reasoning tiers in terms of the construct validity of the measuring tool (Caleon and
Subramaniam, 2010b; Kaltakgi, 2012). In this respect, the relationship between the
points obtained from the answer and reasoning tiers and the points obtained from the
confidence tiers has been researched with Pearson product-moment correlation
coefficient. According to this; it has been identified that there have been positive,
moderate and meaningful relationships between the answer tier and the confidence
tier as r= .53; between reasoning tier and confidence tier as r= .55, between both
answer and reasoning tiers and both two confidence tiers as r=.59. (p <0.01).

In addition, the point-biserial correlation coefficient has been calculated to
indicate the relationship between the correct answers given to each test item in four
tiers and the total points obtained from the test. Values greater than .20 are
acceptable in point-biserial correlation; and the higher the value acquired is, the
better the test item makes discrimination between the students with low points and
the ones with high points (Wuttiprom et al., 2009). Also in the literature studies
(Kirbulut and Geban, 2010; Pesman and Eryillmaz, 2010), there are study findings
based on the data obtained in this direction. Consequently, the results of the analysis
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indicate that all items of the measuring tool have values that are greater than .20 and
acceptable (Table 1).
Table 1. Descriptive Statistics and Item Analysis Results for Four Tiers

Difficulty Index Discrimination Point Biserial

Index Correlation

Mean .39 72 .63
Number of Question (.20-.29)
Number of Question (.30-.39)
Number of Question (.40-.49)
Number of Question (.50-.59)
Number of Question (.60-.69)
Number of Question (.70-.79)
Number of Question (.80-.89)
Number of Question (.90-.99)

Number of Question = 16; N=388; Sd=4.67; Mean=5.35; a=.90
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Collection And Analysis Of Data

The responses obtained from the measurement tool were evaluated with
descriptive statistical techniques and data analysis was performed with SPSS 22.0
and MS Office Excel programs. For the four-tier measurement tool, the categories to
be used in scoring and evaluation are arranged by taking into consideration the
criteria determined by Kaltakgi (2012). According to this, six categories are defined
as Scientific Knowledge, Misconceptions, Lucky Guess, False Positive, False
Negative, Lack Of Knowledge (Table 2).

Table 2. Scoring Categories

First Tier Second Tier Third Tier Forth Tier Four-Tier
(Answer Tier)  (Confidence Tier (Reason Tier) ‘Confidence Tier) Category
=y ro—rrT
CORRECT CL>35 Scientific Knowledge
CL>3.5 CL<35 Lucky Guess*
' WRONG CL>3.5 False Positive**
CORRECT CL<3.5 Lack of Knowledge
CL>3.5 Lucky Guess
CORRECT
CL<3.5 CL<3.5 Lucky Guess
' WRONG CL>3.5 Lack of Knowledge
CL<35 Lack of Knowledge
1 *k
CORRECT CL>35 False Negative
CL>35 CL<3.5 Lack of Knowledge
| CL>3.5 Misconception
WRONG
WRONG CL<3.5 Lack of Knowledge
CL>35 Lack of Knowledge
CORRECT
CL<3.5 Lack of Knowledge
CL<35
WRONG CL>3.5 Lack of Knowledge
CL<3.5 Lack of Knowledge
CL<3.5: “Just Guess”, “Not Too Sure”, “Not Sure” CL>3.5; “Sure”, “Pretty Sure”, “Absolutely Sure”

* Evaluation is made in the "Lack of Knowledge" category in the literature.
** Terms used in two-tier tests but evaluated in four-tier in this study.
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In addition to this, the scoring to be used in data analysis in four-tier
measurement tool is carried out by evaluating the correct-wrong answers and the
responses to the confidence tiers together. In the scoring stage, the correct answers
are encoded as “1” and the wrong answers as “0”. However, since responses to
confidence tiers were scored between “1”and“6”, the threshold value was considered
as “3.5” in order to determine the level of confidence (CL). Accordingly, it was
evaluated as low confidence level in “CL<3.5” and high confidence level in “CL>3.5".
In the analysis phase, the low confidence level was encoded with O and the high
confidence level with 1. The scoring categories determined in this direction can be
summarized as follows:

Scientific Knowledge: It is the category determined as a result of four-tier
evaluation of the students' correct answers. When scoring through the correct
answers, the correct answers in question and reason items in each question are
coded as “1” and the wrong answers are coded as “0”. In this respect, if each of the
question, reason and confidence tiers is coded with “1”, evaluation is made as
scientific knowledge.

Misconception: It is the category determined for the students' wrong answers
in the question and reason tiers. When evaluating misconceptions, the wrong
answers in question and reason items in each question item are coded as “1” and the
correct answers are coded as “0”. In the analysis for the wrong answers, if each of
the question, reason and confidence tiers is coded with “1”, evaluation is made as
misconception.

Lucky Guess: Students can show a low level of confidence in the confidence
tiers, even if they respond correctly to the answer and reason tiers. In this respect, if
each of the answer and reason tiers coded “1” and at least one confidence tier coded
“0”, evaluation is made as lucky guess. Although this category is evaluated as lack of
knowledge in the literature, it is thought that students should be evaluated in terms of
reaching the correct answers in both tiers. In this direction, an assessment can be
made in terms of they have reached the correct answer by chance.

False Positive: Accompanied by high leve of confidence, Students’ correct
responds for the answer tier and the wrong responds for the reason tier were coded
as “1” and the others as “0”.

False Negative: Accompanied by high leve of confidence, Students’ wrong
responds for the answer tier and the correct responds for the reason tier were coded
as “1” and the others as “0”.

Lack Of Knowledge: If students responds low level confidence in the
alternative answers of the above-mentioned categories or if they had different levels
of confidence (low-high, high-low) in the confidence tiers, assessment was made in
the category of lack of knowledge.
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Results
In this section, according to the data obtained from the measurement tool,
sixth grade students' conceptual understanding rates, true / false knowledge
awareness, misconceptions, false positive and false negative, lack of knowledge and
lucky guess rates are given.

The conceptual level of understanding determined based on the correct
answers of the students was calculated from one stage to four stages respectively. In
addition, the level of confidence for each tier was calculated separately and together,
as the levels of confidence could vary depending on the students' evaluation of the
guestion and reason tiers as separate questions (Table 3).

Table 3. Conceptual Understanding And Confidence Level Analysis Results For Cell
Topic

Question CORRECT ANSWER RATE (%) ANSWER CONFIDENCE TiER REASON CONFIiDENCE TiER BOTH CONFIDENCE TiER
1Tier 2Tier 3Tier 4 Tier CLP(%) CF CFC CFW C€DQ  CLP(%) CF CFC CFW CDQ CLP (%) CF CFC CFQ €DQ
1 60 51 45 43 73 4,28 2,91 1,37 091 76 4,37 2,89 1,48 0,84 68 4,32 2,58 1,11 0,94
2 54 40 36 34 64 3,96 2,39 1,57 0,49 65 3,96 2,31 1,66 0,38 58 3,96 2,16 1,42 0,48
3 62 50 42 39 75 4,34 2,85 1,49 0,84 71 4,19 2,71 1,48 0,73 69 4,27 2,40 1,12 0,85
4 52 39 29 24 69 4,08 2,22 1,86 0,23 60 3,81 1,74 2,07 -0,20 59 3,94 1,60 1,64 -0,03
5 73 64 58 54 78 4,62 3,66 0,96 1,66 77 4,59 3,41 1,18 1,39 74 4,60 3,29 0,85 1,61
6 55 40 37 33 66 4,02 2,35 1,67 0,40 60 3,87 2,34 1,54 0,45 59 3,94 2,12 1,38 0,45
7 37 25 23 22 51 3,59 1,59 2,00 -0,23 51 3,59 1,79 1,81 -0,01 47 3,59 1,47 1,67 0,12
8 52 40 36 34 69 4,16 2,30 1,85 0,27 66 4,08 2,25 1,83 0,25 64 4,12 2,02 1,58 0,28
9 49 38 36 34 65 4,03 2,26 1,77 0,28 62 3,98 2,28 1,71 0,33 61 4,01 2,05 1,52 0,31
10 42 27 23 23 61 3,84 1,72 2,12 -0,23 57 3,73 1,87 1,87 0,00 55 3,79 1,51 1,72 -0,13
11 57 46 44 40 70 4,21 2,73 1,48 0,73 66 4,11 2,68 1,43 0,71 64 4,16 2,53 1,28 0,75
12 48 39 35 34 66 4,10 2,35 1,75 0,35 64 4,04 2,36 1,69 0,37 62 4,07 2,11 1,50 0,37
13 40 24 21 20 57 3,70 1,53 2,17 -0,38 61 3,78 1,74 2,05 -0,19 55 3,74 1,34 1,84 -0,32
14 49 38 36 34 57 3,80 2,21 1,59 0,36 54 3,66 2,29 1,37 0,52 51 3,73 2,04 1,27 0,46
15 48 36 32 29 59 3,86 2,16 1,70 0,26 54 3,65 2,09 1,56 0,29 52 3,76 1,87 1,36 0,30
16 57 44 39 37 68 4,19 2,69 1,49 0,69 63 4,07 2,65 1,42 0,68 62 4,13 2,36 1,19 0,69
MEAN 52 40 36 33 66 4,05 2,37 1,68 0,41 63 3,97 2,34 1,63 0,41 60 4,01 2,09 1,40 0,43

CLP(%) Confidence Level Percentage CF :Confidence Mean CFC: Correct Answer Confidence Mean CFW: Wrong Answer Confidence Mean
CDQ: Confidence Discrimination Quotient (CFC-CFW/standard deviation of confidence)

According to the results of the analysis based on the correct answers of the
students; as the number of tiers increases, there is a significant decrease in the level
of conceptual understanding about the cell. According to this, the average level of
conceptual understanding is 52% in one stage (one tier), while this ratio is 40%, 36%
and 33%, respectively, in two, three and four stages. As the number of stages
increases, this decrease is thought to be due to lack of knowledge, lucky guess or
misconceptions. On the other hand, in the assessment of conceptual understanding
level, 75% and above satisfactory, 50-74% range is sufficient, 25-49% range is low,
and values below 25% point to low conceptual understanding level (Gilbert, 1977).
Therefore, determination of the percentage of students who responded correctly to
the test as 33%, indicating that there is a low level of understanding of the cell. On
the other hand, while 52% of the students have reached the correct answer, it is
observed that 66% of this students are sure about their answers. In addition, while
the average of four-tier correct answers is 33%, the average of both confidence tiers
is 60%. This indicates that 60% of the students are sure of all given answers
throughout the test. In addition, the relationship between the correct answers in the
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four-tier test and the general confidence level in both confidence tiers is compared
with the 2-D dot Plot graph (Graph 1).
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Graph 1. Overall Confidence Level Comparison With Four-Tier Points

As the answer and reason tiers of a four-tier test can measure different levels
of knowledge, it can be perceived as a separate question. In this case, confidence
levels in answers and reason tiers may vary (Caleon ve Subramaniam, 2010b;
Griffard ve Wandersee, 2001; Tsai ve Chou, 2002). For this reason, the confidence
tiers were evaluated separately and together. In addition to this assessment, some
related variables were calculated for confidence levels. These variables specified by
Caleon and Subramaniam (2010b) can be summarized as follows:

Confidence Mean (CF): This express the confidence levels of the students.

Correct Answer Confidence Mean (CFC): This Express the confidence
levels of students when they gave correct answers.

Wrong Answer Confidence Mean (CFW): This Express the confidence levels
of students when they gave wrong answers. Although the students in this group mark
the wrong option, they are evaluating that they are responding correct to the
guestions in a cognitive level.

Confidence Discrimination Quotient (CDQ): The CDQ indicates whether the
students can discriminate between what they know and what they do not know
(Caleon ve Subramaniam, 2010b). CDQ formulated as CFC-CFW/standard deviation
of confidence (Sd). CDQ can receive positive or negative values. According to this,
positive CDQ express the presence of students who respond correctly and have high
levels of confidence in their responses and negative CDQ express the presence of
students who respond wrongly and have high levels of confidence in their responses.
Therefore, positive CDQ shows that students can distinguish the correct information
about the concept, have knowledge awareness, and negative CDQ shows that they
can not distinguish the correct information and the wrong information.

Variables related to confidence level were calculated for the overall test due to
the four-tier structure of the CCMT (Table 3). According to this test, CF variable was
determined as 4.01 on average. The threshold value was considered as “3.5” in order
to determine the level of confidence (CL). Accordingly, it was evaluated as low
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confidence level in “CL<3.5” and high confidence level in “CL>3.5". Therefore, it can
be said that students have a high level of confidence because the CF variable
expresses a value higher than 3.5 on average and on each question basis. On the
other hand, CFC and CFW values of the variables related to the knowledge
awareness of the students were analyzed. According to this, the mean of the CFC
variable was 2.09 and the mean of the CFW variable was 1.40. This result points to
the fact that the students are more confident of the accuracy of their knowledge
about the concepts of the cell, so that most students can distinguish the correct
information. This result indicates that students are more confident about the accuracy
of their knowledge about cell concepts, and that most students are able to distinguish
the correct information. As a matter of fact, the CDQ variable, which is the indicator of
this situation, has taken a positive value of 0.43 in the average throughout the test.
Positive CDQ states that students can generally distinguish between the correct
information and the wrong information. On the other hand, in terms of CDQ variables
higher values were obtained in the 1.3.5,11 and 16.questions compared to other
guestions. In particular the highest CDQ value (1.61) was calculated in the 5th
guestion. According to this, in the fifth question, in which the evaluation of the
organization in a multicellular organism is requested, the majority of the students
reached the correct answer and were very confident in their answers. In addition,
when the data in Table 3 are examined, it is observed that the conceptual
understanding and confidence rates of the fifth question have the highest value
among all the questions in the overall test. Similarly, in the first question 0.94, in the
third question 0.85, in the eleventh question 0.75 and in the sixteenth question 0.69,
positive and conceptual understanding levels are high values were obtained. This
can be considered as a result of the fact that the data obtained from the CDQ
variable enables the determination of the conceptual understanding level.

On the other hand, the results obtained from the general test cannot be
evaluated in the same way for each question. The most obvious indicator of this is
that CDQ has taken negative values in 4th, 7th, 10th and 13th question. In these
guestions, the CFQ variable has taken values greater than the CFC variable. This
suggests that students who respond incorrectly and are confident that their answers
are correct. Therefore, it can be said that there is no awareness between the correct
information and the wrong information in the related concepts. In addition, students '
confidence in the wrong answers indicates that they are holding on to the wrong
concepts on the subject. These wrong concepts which are considered to be contrary
to scientific facts are considered as misconception. Therefore, the identification of
misconceptions that are considered to be present among students is important.

The distractors in each question in the CCMT were evaluated separately
during the diagnosis of misconceptions. For example; The correct answer to the first
question is "A“ because the right answer in the answer and reasoning tiers is listed in
the same option. In this case, the combination of four-tier correct answers consisting
of answers-confidence-reason-confidence phases is “A”-“CL>3.5"-“a” - “CL>3.5".
Therefore, each of the combinations of “B”-“CL>3.5"-“B”-“CL>3.5" and “C"-“CL>3.5"-
“C”-“CL>3.5” for incorrect answers represents misconceptions. It is stated that in the
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diagnosis of misconceptions in the literature, misconceptions with 10% or more ratio
will be accepted as meaningful (Caleon ve Subramaniam, 2010a; Tan ve diger.,
2002). In this case, ten misconceptions are identified (Table 4).

Table 4. Misconceptions and Types

: : Student
Misconception (MC) Num. (%) Type

MC1 Plant cell has round, animal cell has cornered structure. 57 15 Strong
(3.1.a/3.2.CF>3.5/3.3.a/ 3.4.CF>3.5) (CF=4.27)
In advanced organisms without nucleus, the cell consists of two Moderate

MC2 parts. 63 16 (CF=3.94)
(4.1.c/4.2.CF>3.5/4.3.c/ 4.4.CF>3.5)

MC3 Plant cells have cell membranes but there are no in animal cells. 37 10 Moderate
(6.1.a/6.2.CF>3.5/6.3.a/6.4.CF>3.5) (CF=3.94)
Endoplasmic reticulum is responsible for energy production in the Moderate

MC4  cell. 37 10 (CF=3.59)
(7.1.c/7.2.CF>3.5/7.3.c/ 7.4.CF>3.5) '

MC5 Cell wall and cell membrane flexible structure. 40 10 Strong
(8.1.c/8.2.CF>3.5/8.3.c/ 8.4.CF>3.5) (CF=4.12)
In the cell, vital events such as digestion, respiration and excretior Strong

MC6 occur in the nucleus. 37 10 (CF=4.01)
(9.1.b/9.2.CF>3.5/9.3.b/9.4.CF>3.5) '

MC7 Cell membrane and cell wall are selectively permeable. 42 11 Moderate
(10.1.a/10.2.CF>3.5/10.3.a/ 10.4.CF>3.5) (CF=3.79)
The cell wall and cell membrane have a rigid structure because of Moderate

MC8 its protective properties. 44 11 (CF=3.79)
(10.1.c/ 10.2.CF>3.5/10.3.c/ 10.4.CF>3.5) '
Mitochondria carries out the task of breaking down large Strong

MC9 molecules of nutrients. 41 11 (CF=4.07)
(12.1.b/12.2.CF>3.5/12.3.b/ 12.4.CF>3.5) '

MC10 All primitive or advanced cells contain nucleus. 74 19 Moderate
(13.1.b/13.2.CF>3.5/13.3.b/ 13.4.CF>3.5) (CF=3.74)

In addition, in Caleon and Subramaniam (2010b) studies, they divided
misconceptions into two groups, taking into account confidence level averages.
Accordingly, those with a CF value more than three and a half (CF> 3.5) for each
misconception were evaluated as Genuine Misconception and those with a CF value
less than three and a half (CF<3.5) were considered as Spurious Misconception. In
addition, Genuine Misconceptions are divided into two subgroups, “Strong
Misconceptions” (CF=24.0) and “Moderate Misconceptions” (3.5<go<4.0). Therefore,
misconceptions were grouped by evaluating them in terms of CF value (Table 4).

It is possible to collect misconceptions diagnosed in the cell in three sub-
headings; comparison of plant and animal cells (MC1-MC3-MC5-MC7-MCS8), basic
parts of the cell (MC2-MC10) and cellular organelles (MC4-MC6-MC9). According to
the results of analysis, the misconception rates are 10%-19%. In addition, four of the
ten misconceptions (MC1-MC5-MC6-MC9) were evaluated in the group of strong
misconceptions and others were evaluated in the group of moderate misconceptions
according to the assessment made for CF variable. Therefore, it canbe said that
there are misconceptions which are more tightly adhered to the cognitive structure of
the students. In addition, as a result of the evaluation made in terms of the CFQ

213



Bozdag, Ok

variable, data were obtained on the 4th, 7th, 10th and 13th questions that the
students could not distinguish the correct information from the wrong information.
When the data obtained from the diagnosis of misconceptions and the data obtained
from the CFQ variable were compared, in the same questions were found to be
misconceptions. This situation can be considered that CFQ indicates the existence of
misconceptions.

In addition, the misconceptions have been examined in the tiers of the four-tier
structure of the CCMT (Graph 2).
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Graph 2. Evaluation of misconceptions in four tiers

When graph 2 is examined, it is observed that the misconception rates were
decreases significantly as the number of tiers increased. According to this, from one
tier to four tiers, the mean of misconception is decreasing to 32%, 18%, 14% and
12%. This is indicate that the data obtained with the four-stage CCMT give clearer
results. The most obvious of the misconceptions that have been diagnosed is the
moderate misconceptions group (MC2-MC10) that are related to the basic parts of
the cell. According to this, while the misconception “All primitive or advanced cells
contain nucleus (MC10)” has a ratio of 19%, “In advanced organisms without
nucleus, the cell consists of two parts (MC2)” has a ratio of 16%. Considering the
correct answers to the thirteenth question (Table 3) in which the MC10 was
diagnosed, it was observed that 55% of the students were confident in the overall
test response, but only 20% of them reached the correct response. These results
indicate the presence of a students group that is sure of the wrong answers in the
55% group. As a matter of fact, 19% of the students in this question were considered
to have misconceptions. Similarly, in the fourth question where MC2 was diagnosed,
59% of the students were sure of the response, while 24% were evaluated at the
level of scientific knowledge. The rest is evaluated in the category of misconceptions,
lack of knowledge or lucky guess. As a matter of fact, the 16% of the group, who is
sure of the wrong answer, was determined in the misconception group.

Another misconception group is a group of strong and moderate
misconceptions about the comparison of plant and animal cells. In this group, the
strong misconception which is consisting 15% of students is strong misconception
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that "plant cell has round, animal cell has cornered structure (MC1)” is the most
obvious misconception. On the other hand, 10% of the students have the opinion that
“‘When cell membrane is present in plant cells, it is not found in animal cells (MC3)”
(Figure 1). Besides, While, MC5 has a ratio of 10%, which indicates that the cell
membrane and cell wall properties are greatly mixed, MC7and MC8 have a ratio of
11%. According to this, some of the students have the opinion that “Cell wall and cell
membrane flexible structure (MC5)”,while some of them have the opinion that “The
cell wall and cell membrane have a rigid structure because of its protective properties
(MC8)”. On the other hand, a group of students has a misconception that "Cell
membrane and cell wall are selectively permeable (MC7).
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Figure 1. Sample Question Items (MC1 [Question 3] and MC3 [Question 6])

Besides, misconceptions about cellular organelles have also been identified
among students. According to this, 10% of the students have a moderate
misconception in the form of “Endoplasmic reticulum is responsible for energy
production in the cell (MC4)”. On the other hand, 11% of students have a strong
misconception in the form of “In the cell, vital events such as digestion, respiration
and excretion occur in the nucleus (MC6)”. Similarly another 11% of students have a
strong misconception in the form of “Mitochondria carries out the task of breaking
down large molecules of nutrients (MC9)”.

On the other hand, based on the data obtained by the CCMT, calculations
were made on the categories of Lucky Guess, False Negative, False Positive and
Lack of Knowledge (Table 5). In order for a test to be considered clear,
understandable and valid, false positive and false negative rates should be less than
10% (Halloun ve Hestenes, 1995). Obtained values indicate the validity of the test. It
is also possible to determine whether participants have achieved the correct answer
by chance. The data obtained in this context indicate that 11% of the students
achieved the correct answer by chance. On the other hand, about one third of the
students have a lack of knowledge about the cell. The following are the questions in
which the most lack of knowledge is observed among the students: 7. Question
(49%), 14 questions (40%) and 9 questions (37%) regarding the functions of cellular
organelles, 15. Question about the similarities and differences of plant and animal
cells (39%), 16. Question about the structure of the plant cell (39%).
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Table 5. Rates of False Positive, False Negative, Lack of Knowledge and Lucky
Guess

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 S16 Mean

False Positive 4 2 5 6 4 2 1 3 2 2 2 3 2 1 4 4 3

False Negative 4 2 4 1 2 3 3 3 3 4 2 2 4 3 2 4 3

Lack of Knowledge 28 35 24 34 21 31 49 32 37 37 29 33 36 40 39 29 33

Lucky Guess 8 12 12 14 10 15 10 9 9 12 12 9 13 12 11 12 11
Discussion

In this study, conceptual understanding rates, knowledge awareness and
misconceptions of the sixth grade students regarding the cell have been examined.
For this purpose, four-tier CCMT has been developed. The data obtained from the
CCMT has showed that the students have had a low conceptual level of knowledge.
According to this, the correct answer average is ranked as 52%, 40%, 36% and 33%
from one tier to four tier at digressive rate. In addition to this, confidence level
calculations have been made about the confidence level of the students in their
answer and reasoning tiers. The obtained data shows that 66% of the students in the
answer tier, 63% in the reasoning tier and 60% in the overall test are confident about
their answers. Although 60% of the students in the test are confident about their
answers, only 33% of them are evaluated at the scientific knowledge level, indicating
the existence of students who are confident about their wrong answers. Students in
this group are evaluated in the misconception category.

In addition to this, calculations regarding the related variables such as CF,
CFC, CFW, CDQ based on confidence level have been performed. In the confidence
level assessment, "CL> 3.5” has been evaluated as high confidence level. The CF
has been calculated as 4.01 in the overall test; this situation shows that the students
have answered the questions with high confidence level. The CDQ variable, which is
based on the related variables, states whether the students can distinguish between
what they know and what they do not know (Caleon and Subramaniam, 2010b).
Positive CDQ values indicate that students are able to discriminate the right
information and the wrong information in the relevant questions, while negative CDQ
values indicate that the views that are contrary to the scientific facts about the related
concept are adopted. According to this; CDQ has been calculated averagely as 0.43
in the overall test. In addition, the data obtained from the CCMT with sixteen
guestions has showed that the CDQ variable had positive values in the questions
1,2,3,5,6,8,9,11,12,14,15 and 16. This situation can be evaluated that the students
can find the correct answer about the related concepts confidently and thus
distinguish between the correct information and the wrong information in the overall
test. In addition, similarities between the data obtained from the conceptual
understanding level based on correct answers and the data obtained from CDQ
variables are noteworthy. For example, the highest conceptual understanding rate
among students has been obtained in the 5th question with 54%. In addition, the
students have answered the 5th question confidently, the rate of which is 74%, the
highest rate in overall test. Accordingly, in the evaluation made for the CDQ variable,
the highest value has been obtained as 1.61 in the 5th question again. Also in other
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guestions where positive CDQ values have been obtained in a similar way,
conceptual understanding rates which are proportional to CDQ variable value have
been obtained. In the light of these results, it is thought that the data obtained in
terms of CDQ variable can enable to determine the conceptual understanding levels
and knowledge awareness.

On the other hand, the CDQ value, which is positively observed throughout the
test, varies on each question. As a matter of fact, CDQ has received negative values
in questions 4, 7, 10 and 13. The negative CDQ value indicates that students have
answered incorrectly and are confident about their accuracy. Therefore, students in
this group accept information that is contrary to scientific facts as correct in their
cognitive structures. Students use the wrong concepts instead of scientific facts.
They cannot distinguish scientific correct information from wrong information. The
fact that students have answered confidently the concepts that do not comply with
scientific facts points to the existence of misconceptions about the subject. In this
context, analysis of statistical data for the identification of students' misconceptions
about the cell has been carried out.

When the data obtained with the four-tier CCMT has been evaluated in order
to determine the misconceptions of the students about cell, average misconceptions
rates of 32%, 18%, 14% and 12% have been identified from one tier to four tiers,
respectively. The fact that 10% or more misconceptions identified are considered
significant in the literature (Caleon and Subramaniam, 2010a; Tan and et al., 2002),
a total of ten misconceptions have been determined. On the other hand, Caleon and
Subramaniam (2010b) have divided their misconceptions into two groups as Genuine
Misconception (CF> 3.5) and Spurious Misconception (CF <3.5) by taking their
confidence level average (CF) into consideration. In addition, the real misconceptions
have been divided into two sub-groups as “Strong Misconceptions” (CF=4.0) and
“‘Moderate Misconceptions” (3.5 <CF <4.0). Ten misconceptions determined in this
direction have been evaluated with CF variable. The four of the misconceptions
(MC1-MC5-MC6-MC9) determined according to this have been evaluated in the
group of strong misconceptions and the others in the moderate misconceptions
group. The existence of strong misconceptions among the misconceptions
determined shows the existence of alternative views with quite confidence regarding
its accuracy due to the fact that they (strong misconceptions) hang on to the cognitive
structure more tightly.

The smallest unit of the living creature where basic vitality events are
observed is cell. In the curriculum about cell subject; the aim of the course is to
enable the students to comprehend the basic building unit of the living creature and
its relationship with other structures, to distinguish between plant and animal cells
and to gain knowledge and skills about the cellular organization (Ministry of
Education, 2013). In this direction, the teaching activities are based on the
differences between the basic structure of the cell and plant and animal cells.
Therefore, it is expected that the students will have the knowledge regarding that the
developed cells are composed of three basic parts; cytoplasm, nucleus and cell
membrane, whereas simple (primitive) cells (such as bacteria) do not contain
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nucleus. On the other hand, according to the data obtained in the 13th question of
the test where common basic parts of all primitive or advanced cells are questioned,
even though 55% of the students have been confident about their answers, only 20%
of them has found the correct answer. This result constitutes evidence that there are
wrong answers where they are confident about its accuracy. As a matter of fact, 19%
of students think that “all the primitive or advanced cells contain the nucleus (MC10).”
Similarly, according to the data obtained from the 4th question of the test where the
basic concept about the structure of cell have been questioned, 59% of the students
have been confident in their answers, and 16% of these students have adopted the
idea that “In advanced organisms without nucleus, the cell consists of two parts
(MC2).” The basic image regarding the basic parts of the cell is based on the images
visualised by microscope and repeated during the teaching (intracellular epithelial
cell/onion membrane cell sample). Therefore, students who do not have the chance
of observing a primitive cell may not be able to distinguish between simple or
advanced cell on their conceptual pattern presented to them and they have built
according to the visual image on the microscope. This situation may manifest itself in
the form of misconceptions that there is nucleus in all cells or that there is no nucleus
in the advanced cells.

Plant and animal cells have similar structures in terms of the basic parts as
well as having certain differences. The major difference is their shape. According to
this, the plant cells are cornered, and the animal cells have a round structure. The
majority of misconceptions identified in respect of cell have been observed at the
point of comparison of plant and animal cells. According to the data obtained from
the 3rd question of the test where the basic differences in terms of shape of the cells
are examined, 69% of the students have been confident about the answers they
have given and 39% of them were assessed at the level of scientific knowledge. On
the other hand, it has been observed that 15% of the students in the group of 69%
who have been confident about the accuracy in their answers have had a
misconception that “Plant cell is round, animal cell is cornered structure (MC1)”. It is
clear that the students in this group experience confusion in terms of shape of the
plant and animal cells. The result of this confusion has ensured that the related
concept is established in contradiction with the scientific facts. Another indication
regarding the confusion of similarities or differences between plant and animal cells is
the misconception which is adopted by 10% of the students that “Plant cells have cell
membranes but there are no in animal cells (MC3)”. Advanced-structured plant and
animal cells have similarities in terms of basic cell parts (nucleus, cell membrane and
cytoplasm). However, there are cell walls surrounding the cell membrane in plant
cells unlike animal cells. At this stage, it has been evaluated that the students have
alternative opinions since they confuse the cell membrane with the cell wall. As a
matter of fact, 10% of the students have opinion that “Cell wall and cell membrane
flexible structure (MC5)”, and 11% of the students have the opinion that “Cell
membrane and cell wall are selectively permeable (MC7)” and 11% of the students
have the opinion that “The cell wall and cell membrane have a rigid structure
because of its protective properties (MC8)". The fact that the identified
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misconceptions of the cell membrane and cell wall are extensively related to each
other is an indicator of the confusion encountered during the learning of these
concepts among students. As a matter of fact, simple differences such as flexibility,
rigidity and semi permeability have been used interchangeably towards cell
membrane and cell wall concepts. The increase in students' beliefs about the
accuracy of their opinions has led to the fact that the related conceptions are
mistakenly established in the cognitive structure and led to the misconceptions. The
findings obtained support the findings of the study that there is complexity in the cell
membrane and cell wall in the literature (Cavas and Kesercioglu, 2010; Hailegebriel,
2014; Tastan Kirik and Kaya, 2014; Kése, 2014; Onel et al., 2015a; 2015b; Tambo,
Mukaro and Mahaso, 2003; Ylce, Onel and Bekis, 2016).

As is known, the structures in which the vital events such as respiration,
digestion, excretion, and energy production in cytoplasm in the cell occur are called
organelles. Following the basic parts of the cell, the specific features and tasks of
each organelle are presented in the teaching steps. However, the successive chain
of concepts can provide a basis for the students to use the concepts or tasks
interchangeably. Therefore, this situation shows itself as a misconception. As a
matter of fact, the views such as that “Endoplasmic reticulum is responsible for
energy production in the cell (MC4)” adopted by 10% of the students, “In the cell, vital
events such as digestion, respiration and excretion occur in the nucleus (MC6)”
adopted by the 10% of the students, and “Mitochondria carries out the task of
breaking down large molecules of nutrients (MC9)” in which 11% of the students feel
confident about its accuracy support the aforementioned circumstance. In a similar
manner, as a result of the studies carried out by Genger (2006) and Kdse (2014), it is
possible to evaluate that the tasks of the organelles are used interchangeably in the
way that the concepts such as mitochondria, centrosomes and chloroplasts are used
in respect of organelle that carry out protein synthesis in a similar way. This
circumstance supports the research findings obtained that different organelles and
tasks are used interchangeably among students.

Conclusion and Recommendations

It is important to diagnose misconceptions before or during the teaching steps
due to its preventing structure in the acquisition of new knowledge or the transfer of
existing knowledge. Within this context, in the literature it is preferred to determine
the misconceptions through the measuring tools in which multiple-choice tests are
particularly included. In recent years, the use of multiple-choice tests has gathered
momentum. Nonetheless, in the studies which are carried out with the measuring
tools that include multi-tier multiple-choice tests, it is favoured to make identification
towards the confidence level based on student answers or based on answers given.
Therefore; the answers together with the data regarding the confidence level based
on the answers constitute the focus of the study.

As a conclusion; when the data obtained from the study have been evaluated,
it has been concluded that students have low conceptual understanding level about
the subject of cell and cannot clearly distinguish between correct and wrong
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information about the subject. The confidence levels of the students' answers
indicate their commitment to the accuracy of correct and wrong information, and thus
indicate their knowledge awareness. The students who can distinguish the right
information from the wrong information have been evaluated as having scientific
knowledge. On the other hand, the existence of students who are quite confident
about the accuracy of wrong information as much as the students who are confident
about the accuracy of correct information indicates the misconceptions. The data
obtained from the research has also demonstrated that there have been apparent
misconceptions among the students. When the answers have been assessed
together with the data obtained concerning the confidence levels based on these
answers, ten misconceptions, four of which are on strong-level and six of which are
on moderate-level, have been determined. Hence, the existence of strong-level
misconceptions in the determined misconceptions has resulted in the fact that there
are misconceptions that hang on to students' cognitive structure tightly. This situation
can be considered in a manner that the misconceptions should be taken into
consideration in the teaching tiers. Within this context, following suggestions can be
included in accordance with the results reached as a conclusion of the study.

e With extending the use of multi-stage multiple-choice tests to diagnose
misconceptions, more accurate results can be achieved by evaluating all
the obtained data together.

e The CCMT can be used to determine the misconceptions, knowledge
awareness and conceptual understanding level regarding the subject of cell
at primary and secondary school level.

e Misconceptions about the subject of cell have been identified within the
scope of the study; and in future studies, it can be endeavoured to
determine the causes of the misconceptions identified in this study and in
the other studies in the literature and/or to eliminate them.

e Follow-up of misconceptions about abstract content such as cells, will guide
the identification of methods, techniques and strategies for the prevention of
misconceptions.

e Considering the key role of the misconceptions in the teaching steps, it is
important to raise awareness of those who carry out instructional activities.

e |t is necessary to organize in-service trainings both in order to include the
misconceptions into the course content at the university level and to inform
the teachers about this issue.
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