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Tirkiye’den Bir Profil: 11-13 Yas Gurubu
Matematik Ogretmen Adaylarinin

Elestirel Diisiinme Egilim ve Becerileri

Elif Beymen TURNUKLU®  Sibel YESILDERE™

0Z: Bu arastirma ilkogretim matematik dgretmen adaylarinim
elestirel diiglinme egilim ve becerilerini belirlemeyi amaglamaktadir.
Bir elestirel diisinme Olgegi ve matematiksel elestirel diiglinme
problemleri veri toplama araglari olarak kullanilmistir. Calisma grubu
Tiirkiye’nin batisinda yer alan bir biiyiik tiniversiteden se¢ilmistir. 227
matematik Ogretmen adayr bu caligmaya katilmistir. Verilerin
analizleri sonucunda, Ogretmen adaylarinin elestirel diigiinme
egilimleri pozitif yonde fakat yeterince yiliksek ¢ikmamugtir. Ayrica
elestirel disiinme egilim olgegi sonuglar ve matematiksel elestirel
diistinme problemleri sonuglart bir uyum gostermistir. Elde edilen bu
sonuglar dikkate alinarak, 6gretmen adaylarinin giiglii ve zayif yanlar
ortaya ¢ikarilmustir.
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OZET

Giris

Elestirel diisiinmenin teorik dayanagini hem biligsel siirecler hem de
diisiinme odakli felsefi yaklagimlar olusturmaktadir. Elestirel diisiinmenin
Oziinii olusturan bilegenler analiz etme, yorum yapma, 6z diizenleme,
¢ikarimda bulunma, acgiklama ve degerlendirmedir (Facione, 1998).
Ennis(1989) elestirel diisiinmeye lic asamada yaklagsmaktadir. Birinci olarak
elestirel diistinme diger insanlarla ve cevre ile etkilesime girerek problem
¢dzme ile baglamaktadir. Ikinci olarak; daha énceden elde edilen bilgiler ile
iligki kurarak akil yiirlitme siireci devreye girmektedir ve tiimevarim,
timdengelim ve hiikiim verme yoluyla ¢ikarsamada bulunma s6z konusu
olmaktadir. Ugiincii asamada ise elestirel diisiinme siireci; neye inanip neye
inanmamal1 konusunda bir karara varma ile son bulmaktadir (Ennis, 1989).

Aragtirmanin amaci, ilkdgretim matematik Ogretmen adaylarinin
elestirel diistinme egilimlerini ve becerilerini belirlemektir.

Yontem

Arastirmada iki farkli veri toplama aracindan yararlanildi. Bunlar
California Elestirel Diisiinme Egilimleri Ol¢egi(CCTDI) ve Matematiksel
Elestirel Diistinme Problemleri(MCTP). Arastirmanin 6rneklemini bir egitim
fakiiltesinde ilkdgretim matematik Ogretmenliginde okuyan O&gretmen
adaylar1 olusturmaktadir. Asagida agiklanan dlgekleri toplam 277 matematik
Ogretmen aday1 yanitlamistir. Bunlarin 91 tanesi 3.smif, 136 tanesi 4. sinif
ogrencilerindendir.

Veri Toplama Araglari
California Elestirel Diisiinme Egilimleri (")lg:egi(CCTDI)

Kokdemir 2003 yilinda bitirdigi doktora tezinde California Elestirel
Diisiinme Egilimleri 6lcegini Tiirkge’ye uyarlamis ve uygun istatistiksel
analizleri yaparak son haline getirmistir. Calismada belirtilen dl¢egin Tiirkge
versiyonu Kokdemir’den izin alinarak kullanilmistir. CCTDI’in benzer
elestirel diistinme 6lgeklerinden farkli olarak bir beceriyi 6lgmek igin degil,
kisinin elestirel diislinme egilimini ya da daha kapsamli bir deyimle elestirel
diisiinme diizeyini degerlendirmek amaciyla kullanilmaktadir (Kokdemir,
2003). Olgek, altr alt dlgekten olusmaktadir. Bu alt Slgekler; Analitiklik,
Acik Fikirlilik, Meraklilik, Kendine Giiven, Dogruyu Arama, Sistematiklik
alt dlgekleridir. Toplam 6 boyut ve 51 maddeden olusan 6lcegin i¢ tutarlilik
katsayist, .88°dir.
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Matematiksel Elestirel Diisiinme Problemleri

Matematiksel elestirel diisiinme problemleri elestirel diisiinme
bilesenlerini dikkate alarak bu bilesenlerin ortaya ¢iktig1 becerileri
hedeflemektedir. Matematiksel elestirel diistinme problemleri hazirlanirken
bu becerileri ortaya ¢ikarabilecek nitelikte sorular iiretilmistir. Bu sorularin
degerlendirilmesindeki  kriterler de bu hedefler dikkate alinarak
olusturulmustur.

Bulgular

California Elestirel Diisiinme Egilimleri Ol¢egine(CCTDI) iliskin
Bulgular

Olgege verilen yamitlar 1-6 arasinda bir puanlama yapilarak Spss-win
programi kullanilarak istatistiksel analizleri yapilmistir. Caligmanin
gerceklestirildigi 227 ilkogretim matematik Ogretmen adayinin elestirel
diistinme diizeyleri hem biitiinsel olarak hem de olgegin alt boyutlari
kapsaminda belirlendi.

CCTDI bir biitiin olarak degerlendirildiginde puani 240’dan (40 x 6) az
olan kisilerin genel elestirel diisiinme egilimlerinin diisiik, puani 300’den (50
x 6) fazla olanlarin ise bu egilimlerin yiiksek oldugu sdylenebilir(Kokdemir,
2003). Buna gore Tablo 1’den de goriildiigii gibi uygulamanin yapildig:
ilkdgretim matematik O6gretmen adaylarinin elestirel diiglinme egilimleri
olumlu yéndedir.

Elestirel diisinme egilimleri o6lgeginin Tiirkge versiyonu alt1 alt
Olcekten olusmaktadir. Tablol de 0Ogrencilerin elestirel diisiinme
egilimlerinin alt boyut ortalamalar verilmektedir.

Tablo 1. Tlkégretim Matematik Ogretmen Adaylarinm in CCTDI’ya gére
ortalamalar1 ve standart sapmalari.

Alt dlcek Ortalama Standart Sapma Arahk
Analitiklik 47,78 6,06 22-60
Acik Fikirlilik 43,75 7,64 12-59
Merakhihk 42,57 8,99 7-57
Kendine Giiven 37,22 9,91 26-60
Dogruyu Arama 36,33 7,39 7-55
Sistematiklik 43,04 7,08 20-60
CCTDI 250,71 36,51 94-234

Ogretmen adaylarmin kendine giiven ve dogruyu arama alt dlgeklerinde
elestirel diisiinme egilimlerinin diisitk oldugu, bunlar digindaki dort alt
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Olgege iliskin elestirel diisiinme egilimlerinin olumlu yonde oldugu
goriilmektedir.

Matematiksel Elestirel Diisiinme Problemlerine iliskin Bulgular

Sorulan problemlerde 6grencilerin degisik diisiince bi¢imlerini ortaya
koyarak kendilerine en uygun ¢oziimii nedenleri ile birlikte ifade etmeleri
istenmistir. Alinan yanitlar 6grencilerin gostermesini istenilen davranislar
kriterler kabul edilerek 1-6 arasinda puanlama yapilmistir. Bu kriterlere gore
degerlendirilen problemler, kisilerin elde edilen toplam puanlan iizerinden
analizleri yapilmistir.

Kriterlere bakildiginda elestirel diizeyleri yliksek kabul edilebilenler 5
ve {istli puan alan kisiler olacaktir. Toplam 5 problem vardir ve toplam puan
25 (5x5=25) ve lizeri olanlar yiiksek seviyeden kabul edilebilir. Arasgtirmaya
katilan ilkogretim matematik Ogretmen adaylarinin bu sorulara verdikleri
yanitlarin analizleri Tablo 2’de verilmistir. Tabloda goriildiigii {izere bu
Olgekten toplam puan ortalamasinin ¢ok yiiksek olmadigi goriilmektedir.

Tablo 2. Tlkégretim Matematik Ogretmen Adaylarmim Matematiksel Elestirel
Diisiinme Problemlerine(MCTP) iliskin Ortalamalar:

Ortalama Standart Sapma Arahk
MCTP 16,63 4,37 0-25

Bu sorulardan elde edilen toplam puanlar ile CCTDI 6lceginden elde
edilen toplam puanlar arasindaki uyuma bakilmistir. Bunun i¢in McNemar
testi kullanilmistir. Elde edilen sonuca gore 25 ve iizeri, ve 250 ve iizeri puan
alanlar ile 20 alt1 ve 250 alt1 toplam puan alanlarla diger kisilerin sayilari
arasinda anlamli fark bulunmamistir. Dolayisiyla, CCTDI 0lgegi ile
matematiksel elestirel diisiinme problemleri sonug¢lar1 uyumludur.

Tartisma

Yeterlilikler dogrultusunda 6gretmenlerde elestirel diisiinme egiliminin
bulunmas: gerekmektedir. Belirtilen temel yeterliliklerin saglanabilmesi
ogretmenlerin elestirel diigiinme egilimlerinin yiiksekligini gerektirmektedir.
Bu nedenle &gretmenlerin ve Ogretmen adaylarinin elestirel diisiiniime
egilimlerini gelistirecek 6grenme ortamlar1 olusturulmalidir. Arastirmanin
yapildig1 6rneklemde, dgretmen adaylarinin elestirel diisiinme diizeylerinin
yiksek oldugu sdylenemez ancak Ogretmen adaylarmin elestirel diisiinme
egilimleri pozitif yondedir. Analitiklik; akil yiiriitme, problemleri yeniden
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kullanmak i¢in verilenleri kullanma, kavramsal boyutta karsilagilabilecek
potansiyel zorluklar1 tahmin etmeyi icermektedir (Faccione et all., 1995).

Ogretmen adaylarmin acik fikirlilik alt dlgegi perspektifinden elestirel
diisiinmeye olumlu ydnde egilim gosterenlerin yiizdesi %76’dir. Ogretmen
adaylarinin o6zellikle farkli bakig agilarina deger vermeleri, dgrenciler igin
oldukca &nemlidir. Ozellikle de en 6nemli hedeflerinden biri 6grencilerin
problem ¢ézme becerisini kazandirmak olan matematigin dogasinda yeni
fikirlere actk olmak ve esnek diisiinmek vardir. Ilkégretim matematik
Ogretmen adaylarmin bu alt boyuttaki egilimlerinin yiiksek olmasi egitim
agisindan olumlu bir sonugtur.

Ogretmen adaylarinin %75°i meraklilik, %54’ kendine giiven alt
Olceginde elestirel diisiinmeye olumlu yonde egilim gostermektedir.
Kokdemir (2003)’de 913 f{iniversite Ogrencisi ile yaptig1 calismasinda
ogrencilerin kendine giiven boyutunda elestirel diisiinme egilimlerinin diisiik
oldugunu belirlemistir. Ogretmen adaylarinin kendilerine olan giivenlerinin
diisiik olmasi, 6gretmenlik yeterlilikleri konusunda siipheye diisiirmektedir.
Ogretmen adaylarinin elestirel diisiinme egilimleri diisiik ¢ikanlardan
bilesenlerinden bir tanesi de dogruyu aramadir. McBride, Xiang ve
Wittenburg (2002) Cin’li ve Amerika’li beden egitimi 6gretmen adaylariin
dogruyu arama egilimlerinin diisiik ¢iktigin1 belirlemislerdir. Facione ve
ark.(1995) 587 fniversite Ogrencisinin elestirel diisiinme egilimlerini
arastirdiklar1 ¢alismalarinda Ogrencilerin dogruyu arama alt oOlceginden
diisik puan aldiklarini belirlemiglerdir. Dogruyu aramay: etkileyebilecek
faktorlerden biri, 6grencilerin derin matematiksel bilgileri dgrenmelerini
gereksiz olarak gormeleri ve neden 6grendiklerini anlamamalaridir. Benzer
durum yurt disinda bagka iilkelerde de goriilmektedir. Yunanistan’daki
ilkdgretim matematik 6gretmen adaylari arasindaki ortak goriis; ilkogretim
okullarinda 6gretilecek kadar matematik bilmenin yeterli oldugu yoniindedir
(Potari, 2001). Hiebert, Morris ve Glass (2003) Amerika Birlesik
Devletlerinde matematik 6gretmen adaylarinin derinlemesine matematik
bilgisine sahip olmada ve onu etkili sekilde kullanmada yetersiz olduklarini
belirtmektedir. McBride ve ark.(2002) dogruyu arama egilimi diisiik olan
Ogretmen adaylarinin kendi ogrendikleri sekilde Ogretimi
gerceklestireceklerini ifade etmektedir. Bu nedenle 6gretmen adaylarinin iyi
bir ogretmen olabilmek i¢in bu dogrultuda kendilerini gelistirmeleri
gerekmektedir.
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ABSTRACT: This research aims at investigating critical
thinking dispositions of elementary mathematics teacher candidates in
Turkey. A critical thinking dispositions inventory and mathematical
critical thinking problems were used as data collection tools. The
study group was chosen from a large public university located in the
West part of Turkey. 227 mathematics teacher candidates participated
to this study. According to the analysis of the data, critical thinking
dispositions of teacher candidates of elementary mathematics were
positive but not high enough. Additionally, the results of CCTDI
Inventory and the results of mathematical critical thinking problems
are consistent. Based on this discussion and the results taken from the
inventory, the mathematics teacher candidates’ weaknesses and
strengths were drawn.
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INTRODUCTION

This study aims at investigating the critical thinking dispositions and
abilities of mathematics teacher candidates. Theoretical bases of critical
thinking consist of both cognitive and emotional approaches. Disposition
means to love, want or frankly to tend something to do; and skill means
ability of a person for achieving a mission and to conclude a procedure in
accordance with its aim depending upon his or her predisposition and
education. Facione and his colleagues claim that one may have higher order
thinking skills but that person could not be oriented to use them (Facione,
Giancarlo, Facione & Gainen, 1995).

Critical thinking skills are considered as higher order thinking skills
(Marzano, 1998; White & Hargrove, 1996; Ikuenobe, 2001) and as abilities
derived based on this view. Some researchers perceive critical thinkers as
good thinkers and intellectual persons (Facione, 1998).

Ennis’ (1989) approach to critical thinking has three stages. Firstly, the
critical thinking begins with problem solving by means of interaction with
other people and the environment. Secondly, reasoning comes into force
through forming relations with previously acquired knowledge. As for the
third stage, the critical thinking ends with deciding on what to believe and
not (Ennis, 1989). According to Maiorana (1992), the target of critical
thinking is to perform understanding, evaluation and problem solving.
Facione (1998) on the other hand, describes the components that form the
fundament of critical thinking as analysis, interpretation, self regulation,
inference, explanation and evaluation.

Some researchers work on identification of critical thinking skills and
some of them work for developing critical thinking skills at every level of
education. In order to develop critical thinking skills, some practical or
theoretical ways are recommended at the end of a number of research. Some
of them focus on problem solving situations in order to develop critical
thinking skills (Quinn, 2000; White & Hargrove, 1996; Turnuklu &
Yesildere, in press) as well as critical thinking dispositions (Facione, 1998;
Leader & Middleton, 2004; Kokdemir, 2003).

Based on Facione and his colleagues’ discussion, some studies have
empirical data that shows one-to-one connection between each critical
thinking dispositional attribute and a given critical thinking skill. According
to Facione and his colleagues (1995) critical thinking dispositional attributes
help predicting critical thinking skills.
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There is not a specific result that shows critical thinking dispositions
related directly to career and academic success. But according to Facione
and his colleagues (1995), this relationship is strong and positive.
Additionally, many educational programs aim at educating critically thinking
individuals.

One of the general aims of mathematics teaching in primary and
secondary schools is to enable students to acquire skills of solving non-
routine problems. In order to solve these kinds of problems, students should
judge the availability of the given data and the difference between them.
They should also have such skills as sorting the irrelevant information out,
asking effective questions that would enable him/her to reach the solution of
the problem. It can be clearly seen that those skills are very much relevant to
the skills that are the targets of critical thinking to be brought in students.
Some critical thinking skills such as being aware of his/her self level,
searching the accuracy of given information, holding discussions about it
and proving his/her opinion, and convincing others about it are important for
mathematics education.

At this point educating students as critical thinkers may depend on the
quality of teachers. It is the teacher who will secure the development of
those skills in students. The assumption here is that developed critical
thinking of a teacher leads to an accelerated development of his/her students
in this respect. For that reason it will be appropriate to develop teacher’s
critical thinking and educate them about teaching methods and techniques
that will enable the students to develop critical thinking as well.

In reviewing the teacher qualifications in Turkey published by the
General Directorate of Teacher Training and Education division in the
Turkish Ministry of Education, there are some standards in general teacher
competencies such as “teachers should have the ability to develop critical
thinking of students” to ensure that teachers utilize these competencies
(Anonymous, 2002). Hence, the importance of development of students’
critical thinking skills is being exerted.

Regarding the importance of critical thinking both in mathematics
education and teacher training, it seems necessary to establish the critical
thinking dispositions and abilities of mathematics teacher candidates and
necessary precautions to be taken regarding the case. The study asserts that
finding out the importance of critical thinking and its results in mathematics
education would have an important role to develop requirements for courses
of teacher training.
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The purpose of this research is to determine the level of critical thinking
disposition and abilities of the mathematics teacher candidates attending the
third and fourth (last) years of elementary mathematics teacher training
program in a Faculty of Education in Turkey.

METHOD
Participants

Participants were 277 teacher candidates attending the third year (n=91)
and the fourth year (n=136) of teacher training program in a large public
university located in the West part of Turkey. These participants are going to
be a teacher of 11-13 year old pupils.

Instruments

Two separate data collection tools were utilized in the research. These
are the California Critical Thinking Dispositions Inventory (CCTDI) and
Mathematical Critical Thinking Problems (MCTP).

California Critical Thinking Dispositions Inventory (CCTDI)

Kokdemir (2003) has adapted California Critical thinking dispositions
Inventory (CCTDI) to Turkish in his Doctoral thesis and he made the final
modifications on it by performing the proper statistical analyses. The
Turkish version of the mentioned inventory was used by permission of
Kokdemir. Unlike its precedents, (such as Watson — Glaser Critical Thinking
Skills Inventory) CCTDI is not used for evaluation of a skill. It is used for
evaluation of critical thinking dispositions of an individual, speaking
broadly, critical thinking level (Kokdemir, 2003). This inventory is a 6-point
likert response scale. Answering options are the agreement levels ranged
from ‘Agree Strongly’ to ‘Disagree Strongly’. The inventory consists of six
subscales and 51 items. These subscales are analyticity, open-mindedness,
inquisitiveness, self-confidence, truth-seeking and systematicity. These
subscales consist of ten, twelve, nine, seven, seven and six items
respectively. Cronbach’s alpha coefficients on the six subscales ranged from
0.61(truth-seeking) to 0.78 (inquisitiveness). The total test score coefficient
is 0.88. The definitions of these sub-scales by Facione and his colleagues
(1995) are as follows:

Analyticity — prizing the application of reasoning and the use of
evidence to resolve problems, anticipating potential conceptual or practical
difficulties, and consistently being alert to the need to intervene.

Open-mindedness — addresses being tolerant of divergent views and
sensitive to the possibility of one's own bias.
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Inquisitiveness — measures one's intellectual curiosity and one's desire
for learning even when the application of the knowledge is not readily
apparent.

Self-confidence —measures the trust one places in one's own reasoning
processes.

Truth-seeking — targets the disposition of being eager to seek the best
knowledge in a given context, courageous about asking questions, and
honest and objective about pursuing inquiry even if the findings do not
support one's self-interests or one's preconceived opinions.

Systematicity — measures being organized, orderly, focused, and
diligent in inquiry (p.4-6).

Mathematical Critical Thinking Problems (MCTP)

The developed problems are called Mathematical Critical Thinking
Problems (MCTP), which are being prepared in order to assess those skills
of the mathematics teacher candidates who are going to be qualified teachers
of 11-13 years old.

When Facione’s (1998) components of critical thinking and Ikuenobe
(2001) and Marzano (1998)’s critical thinking abilities are taken into
consideration, some common points arise in either developing the
mathematical problems or assessing them. All addresses argumentation, use
of logic, problem solving, decision making, hypothesis testing and scientific
inquiry. According to these researchers a critical thinker is able to identify
and analyse different relations and conditions for the problem; to construct
valid argument and solution and express them in well organized way; to
articulate and organize ideas (Ikuenobe, 2001; Marzano, 1998; Facione,
1998).

Based on Leader and Middelton (2004), and White and Hargrove
(1996)’s papers the mathematical problems were developed by considering
both promoting their dispositions of critical thinking and critical thinking
abilities. The contents of the developed problems are limited to teacher
candidates’ extent of mathematical knowledge, which the teacher training
program requires. Mainly, the problems do not ask specific mathematical
content knowledge. The solutions were checked in accordance with the
expectations from mathematics teacher candidates.

These problems were developed by the researcher and validated by two
experts (one in psychology and one in mathematics) in terms of the critical
thinking skills each was intended to elicit.
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Of the five problems, the first problem asked the teacher candidates to
think about the reasons why the surface of the covers (manholes) of sewage,
telephone and drainage systems are made in circular shape. They were
requested to state all of the probable reasons occur in their minds and to
make reasoning and make the most proper explanation according to them by
stating reasons. The solution of the problem allowed the researcher to assess
teacher candidates’ ability to develop different perspectives and to sort
information in a systematic and programmed way.

In the second problem, the teacher candidates were asked about how
they would have calculated the area of an irregular geometrical shape if they
had not known to calculate integration. This problem requires teacher
candidates to make reasoning, produce different ideas, evaluate them, and
explain these ideas rationally by using objective proofs.

In the third problem, the teacher candidates were requested to evaluate
the presented data and find all of the probable solutions for the problem. The
target of this problem is to evaluate how systematic, organized, planned, and
careful the teacher candidates are in their searching of different opinions by
using objective proofs and finding out different perspectives.

In the fourth and fifth problems, the students were given a period
regarding a game and they were requested to make reasoning about the
information they had at the beginning of the game. The aims of these
questions are to measure the application of the teacher candidates reasoning,
how the candidates use the evidence to resolve problems and being
organized, systematic in inquiry.

All of the problems requested the teacher candidates to explain their
thinking manner in details, and express all of the possibilities occurred in
their mind with their reasons, and determine the most consistent expression
according to them with its reasons. It is important for all of the problems that
the students’ expressions be simple and clear and stated their opinion clearly.

The criteria for evaluation of those problems were generated taking
components of critical thinking into consideration. Responses of students
were evaluated with respect to categories given in Table 1.
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Table I. MCTP’s criteria for evaluation.
Relation  And | Argument Relevancy Clarity
Points Solution Condition  for | Reason Satisfactory
Given Problem Organization
Correct and All conditions Argument and No irrelevant | All explanations
6 logical, based and (or) reasons support | information are clear,
on scientific relations stated the thought satisfactory and
truth (solution) well organised
Solution correct | Not all Argument and All explanations
5 but not cover conditions reasons support | No irrelevant | are clear,
all conditions or/and relations | the thought information satisfactory and
are stated (solution) well organised
Not cover all Not all Some No irrelevant | Explanations are
4 conditions and conditions explanations are | information not satisfactory
stages of or/and relations | in adequate
solutions are are stated
not explained
exactly/ clearly
Not logical and | Not all Some Irrelevant Explanations are
3 scientific, it is conditions explanations are | information not satisfactory
not an exact or/and relations | in adequate
solution, there are stated
are some
mistakes
Not exact Not all Not coherent Irrelevant Explanations are
2 solution, claims | conditions within its scope | information not satisfactory
or in correct or or/and relations
not depend on are stated
scientific truths
Full of Not all It is not support | Irrelevant Explanations are
1 mistakes, far conditions the thought information not satisfactory,
from scientific or/and relations clear and well
truth and not are stated organised
logical
0 No Response
FINDINGS

Findings Obtained by California Critical Thinking Dispositions
Inventory

The responses given to the scale was scored between 1 and 6 point. The
statistical analysis was carried out in Spss-win programme. Descriptive
statistics were used to profile the critical dispositions of mathematics teacher
candidates.

For this study, both scores of each subscale and the total score were
taken into account to profile critical thinking dispositions of the sample.
According to Facione and Facione, every person has strengths and
weaknesses about critical thinking dispositions; therefore, the total score of
the overall inventory reflects the real level of disposition towards critical
thinking (Facione & Facione, 1992, cited in McBride, Xiang & Wittenburg,
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2002). Scores of 40 or above in any of the seven scales show that the person
has a positive tendency towards this disposition (Facione & Facione, 1994,
cited in Kong, 2004). Scores between 50 and 60 mean that a person has a
strong positive tendency towards that disposition. Similarly, Kokdemir
(2003) adapted this evaluation to his new version of CCTDI with six
subscales. According to Kokdemir (2003) the highest and the lowest scores
are fixed for each subscale. The highest score could be taken in CCTDI is 60
for each subscale and teacher candidates’ scores are transformed in respect
of Kokdemir’s computation which is stated in his thesis detailed. Scores of
less than 40 in total 240 (40 x 6) can be considered as having a negative
tendency towards critical thinking disposition and scores of 50 in total 300
(50 x 6) or above indicate positive tendency on that CCTDI with six
subscales.

Taking this scoring guide into consideration, critical thinking
dispositions of mathematics teacher candidates (mean=250.71) are positive
(as it can also be seen from Table II).

Table IT. CCTDI mean scores and standard deviation (SD) of Elementary
Mathematics Teacher Candidates

Subscale Mean SD Range
Analyticity 47.78 6.06 22-60
Open-
43.75 7.64 12-59
mindedness
Inquisitiveness 42.57 8.99 7-57
Self-confidence 37.22 9.91 26-60
Truth-seeking 36.33 7.39 7-55
Systematicity 43.04 7.08 20-60
CCTDI
250.71 36.51 94-324
(n=227)

The teacher candidates scored between 22 and 60 from analyticity
subscale, between 12 and 59 from open-mindedness subscale, between 7 and
57 from inquisitiveness subscale, between 26 and 60 from self-confidence
subscale, between 7 and 55 from truth-seeking subscale, and between 20 and
60 from systematicity subscale. It is seen that critical thinking dispositions of
the student teachers are low in self-confidence and truth-seeking subscales
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whereas their critical thinking dispositions are positive regarding the
remaining four subscales.

The percentages regarding the teacher candidates who have high and
low critical thinking dispositions are stated in Table III from the perspective
of subscales.

Table III. The Percentages Regarding the Teacher Candidates Who Have High and
Low scores of Critical Thinking Dispositions

Subscale Percentage of low scores Percentage of high scores

(%) (%)

Analyticity 6 94
Open-mindedness 24 76
Inquisitiveness 25 75
Self-confidence 54 46
Truth-seeking 64 36
Systematicity 27 72

It is seen that the percentage of low scores on self-confidence and truth-
seeking are higher than the percentage of high scores on self-confidence and
truth-seeking. Hence, it can be stated that critical thinking dispositions are
positive as for other dimensions constituting the inventory.

Findings Obtained by Mathematical Critical Thinking Problems

As discussed in the introduction section, an individual who has critical
thinking should exhibit some skills. The teacher candidates were requested
to exhibit different kinds of thoughts and to state the most proper solution
according to them with its reasons in their solutions of mathematical critical
thinking problems. Scoring was made between 1 and 6 based on the given
criteria.

The total score of individuals for each problem was taken. In order to
ensure the reliability of the coding, the consistency between the two coding
made by the same researcher on different times was calculated as .86.

Taking the criterion into consideration, the ones whose critical thinking
may be regarded as high levels are those who received 5 or more points.
There are five problems and ones whose total points are 25 (5 x 5=25) and
above are thought as high level. Analysis of the responses of mathematics
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teacher candidates who participated in the research are given in Table I[V. As
can be seen from the table, total average point received from this inventory
is not high.

Table IV. MCTP mean scores and standard deviation (SD) of Elementary
Mathematics Teacher Candidates

Mean SD Range

MCTP 16.63 437 0-25

McNemar test is used to inspect the consistency between total points
received from these problems and the ones from CCTDI Inventory.
According to the results (Table V), there is no significant differences among
the total points received 25 and above, and 250 and above; and below 20 and
below 250.

Table V. The results of McNemar Test indicating the consistency between CCTDI

and MCTP.
MCTP Low MCTP High p
CCTDI Low N 216 1
% 95.15 0.44
CCTDI High N 10 0 012
% 4.40 0

That is, the results of CCTDI Inventory and the results of MCTP are
consistent. It can be stated that the developed problems which were
constructed can evaluate critical thinking levels of people in scope of the
criterion already constructed.

DISCUSSION

Mathematics is a human activity in which problems are encountered,
interpreted and refined, assumptions are made and clarified, and arguments
are created (Szydlik, Szydlik & Benson, 2003: 253).

However, many studies indicate that teacher candidates think that
mathematics is an authoritative discipline and they perceive doing
mathematics as the application of memorized formula and the procedures
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given in text books (Szydlik, Szydlik &Benson, 2003). It is necessary that
the teacher candidates meet the proficiency standards in mathematics as well
as the proficiency standards in pedagogy. In other words, they must meet the
required standards in terms of mathematical content knowledge and
pedagogical content knowledge. It can be said that reaching those
mathematical proficiency components require critical thinking of teacher
candidates.

The close relationship between critical thinking dispositions
components and teacher proficiency standards is prominent. One of the
criteria for teacher proficiency in Turkey which supports critical thinking
dispositions is the utilization and development of the programs which
encourage students to ask question regarding the domain, to see different
perspectives to thoughts and to produce information.

In this study, it could not be stated that the levels of the teacher
candidates are high enough, however critical thinking dispositions of teacher
candidates are in a positive direction. But for some dimensions, the scores of
critical thinking dispositions are high.

Critical thinking dispositions of the teacher candidates are high at
analyticity dimension. Analyticity covers reasoning, using the given data for
re-using the problems and prediction of the potential difficulties (Faccione,
Giancarlo, Facione & Gainen, 1995). The lessons that the teacher candidates
participated from the beginning of the first year such as abstract/academic
mathematics, analysis and algebra had been conducted depending upon re-
discovery of the mathematical knowledge and reasoning. For that reason this
is the expected result.

From the perspectives of teacher candidates, open-mindedness subscale,
the percentage of the ones who have shown positive disposition to critical
thinking is 76 %. The fact is very important for their students that the teacher
candidates assign different perspectives especially. Being open to new idea
and a flexible thinking exist in the nature of the mathematics especially one
of the most important targets of which is to get the students to gain problem
solving skills. Unless that is performed, we meet the teacher model who
wants students to solve the problems in the way he or she has been taught
them. It is a positive result for education that the dispositions of the teacher
candidates of elementary mathematics are high at this dimension.

From the perspectives of teacher candidates, self-confidence subscale,
the percentage of the ones who have shown positive dispositions to critical
thinking is 46 %. The other studies had also the same results. For example
Kokdemir (2003) established in his research on 913 university students that
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critical thinking dispositions of the students were low at the dimensions of
self-confidence and truth-seeking. A low level self-confidence of teacher
candidates has us scratch our heads about their teaching skills. The
information which is trying to be gained by a teacher who not has confidence
about himself/herself or his/her own reasoning would not be permanent.

Based on the results obtained in this study, one of the components in
which critical thinking dispositions of the teacher candidates are low is truth-
seeking. McBride and his colleagues (2002), and Facione and his colleagues
(1995) reached the same result in their studies. According to some studies,
the common conception among the teacher candidates of elementary
mathematics is that it is not necessary to know deep and detailed
mathematical knowledge and why they learn (Ay, 2004; Potari, 2001).
Hiebert, Morris and Glass (2003) state that the mathematics teacher
candidates in United States of America are inefficient at having detailed
mathematical information and nor using it effectively. The changing of that
kind of view of teacher candidates and develop their skills may depend upon
developing truth-seeking dimension of critical thinking disposition.
McBride, Xiang & Wittenburg (2002) argued that the teacher candidates
whose dispositions of truth-seeking are low would perform the instruction in
a manner they have learnt.

To sum up, it was the expected result that the scores of some subscales
of the critical thinking dispositions inventory were high for mathematics
teacher candidates. On the other hand, for teacher candidates especially for
mathematics teacher candidates, the low scores of some subscales and the
low scores of mathematical critical thinking problems were under
expectations. This result requires questioning teacher education programs.
Learning environments should be constructed which develop critical
thinking of teacher candidates and the teacher candidates should improve
themselves in this respect in order to be qualified teachers.

In addition, the finding consistent with the California Critical Thinking
Dispositions Inventory and Mathematical Critical Thinking Problems shows
that it is possible to trust developed problems in order to evaluate critical
thinking abilities of mathematics teacher candidates. Furthermore,
mathematical problems, such as the developed problems which were used
for evaluating critical thinking abilities in this study, may be used for
developing critical thinking of mathematics teacher candidates.
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