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Oz

Bu arastirmada, fen bilgisi 6gretmen adaylarinin Newton’un hareket yasalarindaki
prosedirel bilgi durumlart ve bilgini kontrolinin, degiskenlerin asamalarinin
degistirilmesiyle nasil elde edilecegi incelenmektedir. Fen bilgisi 6gretmen adaylarinin
Newton’un hareket yasalarindaki prosedirel bilgi durumlari, nicel ve nitel durum
calismalariyla belirlenmistir. Ogretmen adaylarinin prosediirel bilgi durumlari: bilgi
dizeyleri, basari diizeyleri ve basari puanlarini etkile ihtimali bulunan nedenler olarak
alinmistir. Basari puanlarini etkileme ihtimali bulunan nedenler, degisken ve faktorler
olarak ikiye ayrilarak incelenmistir. Ogretmen adaylarinin prosediirel bilgi durumlarini
belirlemek igin kullanilan 6lgme araclari ile elde edilen verilerin analizinde, basari
dizeylerinin nicel uygulamada %56, nitel uygulamada.66 (%66) oldugu bulunmustur.
Bilgi duzeyleri, formil degiskeninde .55 (%55) ve .57 (%57), islem degiskeninde .48
(%48) dir. Ogretmen adaylarinin basari diizeyleri bilgi diizeylerinden daha yiiksek
oldugu icin basari dizeyleri bilgi diizeylerini temsil etmedigi sonucuna ulasiimistir. Bu
arastirmada bazi faktérlerin, 6gretmen adaylarinin basari puanlarini etkilemedigi
bulunmustur. Ayrica bu arastirmada 6ngorinin de, degiskenler kadar etkili oldugu
bulunmustur.

Anahtar Sozcikler: Prosedirel bilgi, fen bilgisi 6gretmen adaylarinin bilgi ve basari
dizeyi, basariyi etkileyen degiskenler, basariyi etkileyen faktorler, bilginin kontroll
(kontrollu bilgi elde edilmesi)

" Bu arastirma, ismail Yilmaz'in doktora tezinin verilerinden tiiretilmistir.
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Tiirkce Uzun Ozet

Giris

Prosedirel bilgi nasil dusinileceginin bilgisidir (Sahdra & Thagard, 2003;
Heyworth, 1999). Ayrica prosedirel bilginin, kavramlarin yapilandiriimasinda
ve deklaratif bilgi elde edilmesindeki 6nemli rolii (Lawson, at all, 2000; Lawson,
1991), beceri ve gorevlerdeki performans degisimi ile iliskisi (Willingham,
Nissen & Bullemer, 1989; Berge & Hezewijk, 1999; LeFevre at all, 2006; Phillips
& Carr, 1987) gibi nedenlerden dolayl 6gretmen adaylarinin prosediirel bilgi
durumlari, Newton’un hareket yasalariyla belirlenmistir.

Materyal Metot

Bu arastirmanin verileri, 2009-2010 o6gretim yilinda, Newton’un hareket
yasalarinin 6gretildigi genel fizik 1 dersini alan, fen bilgisi 6gretmenligi birinci
sinif  6grencilerinden, nicel ve nitel durum c¢alismasiyla toplanmistir.
Arastirmanin nicel kisminda “bitincil ¢oklu durum deseni” ve nitel kisminda
ise “butuncil tek durum deseni” kullaniimigtir. Arastirmanin nicel verileri;
ogretmen adaylarinin kisisel bilgilerini belirlemeye yonelik yedi maddeli anket
ve gecerlilik glvenilirligi yapilmis on iki ¢oktan seg¢meli prosediirel bilgi
sorularindan olusan testle toplanmistir.

Arastirmanin nitel verileri, li¢ 6lgme araci ile toplanistir. Bu 6lgme araglarindan
ilki; “Nitel 6lgme aract 1 (NOA 1)” dort yar yapilandinimis sorudan
olusmaktadir. Bu sorular, arastirmanin nicel kisminda kullanilan prosedirel
bilgi testindeki sorularindan secilmistir. ikincisi; “Nitel 6lgme araci 2 (NOA 2)”,
NOA 1’in sorularinin ¢dziimiinde kullanilmasi gereken fizik formdlleridir. Diger
bir degisle NOA 2, NOA 1’in prosediirleridir. NOA 2, 6gretmen adaylarinin NOA
1’in prosedurleri bilip bilmedigini 6lcmek icin yirmi ¢ yari yapilandiriimis
sorudan olusturulmustur. Uglincii 6lgme araci; “Nitel dlgme araci 3 (NOA 3)”,
NOA 1’deki sorularin ¢dziimiinde kullanilmasi gereken temel matematik
bilgilerini 6lgmeye yonelik elli yari yapilandiriimis sorudan olusturulmustur.

Arastirmanin nicel basamaginda uygulanan kisisel bilgi anketine verilen
cevaplar ile prosediirel bilgi testine verilen cevaplar arasindaki iliski analizinde,
SPSS paket programi kullaniimistir. Nitel basamakta uygulanan NOA 1, NOA 2
ve NOA 3 dlgme araclari ile elde edilen verilerin analizinde, Veri Degiskenlerinin
Olasilik ve Ihtimal Hesaplama Istatistigi (VDOIHI); Birlesik Asama Yiizde
Hesaplama istatistiki Yontemleri (Yilmaz, 2011; Yilmaz&Yalgin, 2011) igin
gelistirilen yazilim programi kullaniimustir.
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Bulgu, Sonug ve Yorumlar

Arastirmanin nicel basmaginda uygulanan prosedirel bilgi testinin sorularinin
toplam puanina gore: a) Ogretmen adaylarinin cinsiyetlerine gére, t-testi analiz
sonucunda, erkek 6gretmen adaylarinin kiz 6gretmen adaylarina gore anlamli*
olarak yiiksek puan aldiklari sonucuna varilmistir. b) Ogrenim gérdiikleri
tiniversitelere gére, ANOVA analiz sonucunda anlamli® farklilik bulunmustur. Bu
anlamh faklihgin Universitelerin hangileri arasinda oldugunu bulmak icin
Scheffe testi uygulanmistir. ¢) Mezun olunan lise tiirine gére, ANOVA analiz
sonucunda herhangi bir anlaml® farklilik bulunamamistir. d) “Newton’un
hareket yasalarini” calisma zamanlarina goére, ANOVA analiz sonucunda
herhangi bir anlaml®* farklilik bulunamamistir. e) “Newton’un hareket
yasalarini” calisma sitillerine gére, ANOVA analiz sonucunda herhangi bir
anlamli® farkliik bulunamamistir. f) Genel fizik | dersi gecme notlarina gore,
korelasyon analizinde, anlamli olarak pozitif yonde disik dizeyde bir iliski
(r=.220, p=.000) oldugu bulunmustur ve g) Genel matematik | dersi gecme
notlarina gore, korelasyon analizinde, anlamli olarak pozitif yonde disuk
diizeyde bir iliski (r=.130, p=.003) oldugu bulunmustur. Nicel basamakta
cinsiyet, Universite farkhiliklari, genel fizik bir basari notu ve genel matematik
basari notlarinin 6gretmen adaylarinin prosediirel bilgi durumlarinda, basari
puanlarini etkileyen faktorler oldugu sonucuna ulasiimistir. Mezun olunan lise
tlrd, “Newton’un hareket yasalarini” galisma zamani ve sitillerinin, 6gretmen
adaylarinin prosediirel bilgi durumlarinda, basari puanlarini etkileyen faktorler
olmadigi sonucuna ulasiimistir.

NOA 1’deki sorularin dért degiskeninin sonuca birlikte etkileri: Fen bilgisi
O0gretmen adaylarinin pozitif asamalardaki bilgileri, ASS sonucunu %37
etkiledigi distinilmektedir. iliskisiz bilgileri, ASS sonucunu negatif yénde %6
etkiledigi dislintilmektedir. Negatif bilgileri, ASS sonucunu negatif yonde %4
etkiledigi dustinlilmektedir. Negatif asamalardaki pozitif bilgileri, ASS sonucunu
%4 etkileme ihtimali vardir. Sifir puanlari, ASS sonucunu %53 etkiledigi
disiintimektedir. Nitel 6lgme araci 2 bilgisi, ASS sonucunu %54 etkiledigi
disiiniimektedir. Nitel 6lgme araci 3 bilgisi, ASS sonucunu %82 etkiledigi
dislnilmektedir.

sonuglarin anlamlilik analizi p <.01 diizeyinde yapilmustir.
sonuglarin anlamlilik analizi p <.01 diizeyinde yapilmustir.
sonuglarin anlamlilik analizi p<.01 diizeyinde yapilmistir.
sonuglarin anlamlilik analizi p<.01 diizeyinde yapilmistir.
sonuglarin anlamlilik analizi p<.01 diizeyinde yapilmistir.
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Tartismalar ve Oneriler

Dort degiskenin  VDOHI birlesik asama vyiizde hesaplama istatistiginin,
gorismeci icin sonu¢ hesaplamalariyla elde edilen ve Tablo 1’in degisken
toplamlari sGtununda verilen degerlerden APSS degerlerinin dislik olmasi,
O0gretmen adaylarinin basari dizeylerini yansitan ASS degerinin neden distk
oldugunu aciklar. Bu APSS degeri; dogru sonuca, dogru bilgi (data) ve
prosedirlerin acik secik kaideleri (algoritmalar) cercevesinde gidilebileceginin
gostergesidir. Bilgideki belirsizlik (SSS) ne kadar ¢oksa, 6gretmen adaylarinin
sorunun dogru cevabina gitmekte o kadar zorlandiklarini gostermektedir.
Dogru cevaba gitmeyi giiclestiren nedenler arasinda iSS, ANSS ve NAPSS’nin
etkilerinin de oldugu soylenebilir.

Ogretmen adaylarinin basari diizeylerinin bilgi diizeylerini temsil etmemesinin
iki nedeni olabilir. Bunlardan ilki 6lgme araglarinin sorularinin, kiyaslamaya
yonelik sorulardan olusmasi, basari diizeyi ile bilgi diizeylerinin farkli olmasina
neden olmus olabilir. Belirli bir sayisal degeri bulmaya yonelik sorulardan
olusturulacak bir dlcme araci ile elde edilecek sonuglarla, bu arastirmanin
sonuclari karsilastirilarak sorunun o6lgme aracinin soru tipine bagh olup
olmadigi belirlenebilir. Basari diizeylerinin, bilgi diizeylerini temsil etmemesinin
ikinci nedeni ise 6gretim yontem ve tekniklerindeki sorunlar olabilir. Ayrica
bilgi ve basari diizeylerinin diisiik olusunun yani sira, verilenler-istenilenler ve
serbest cisim diyagrami degiskeninin APS degerlerinin disiik olmasi da 6gretim
yontem ve tekniklerinde bazi sorunlarin oldugunu gosteriyor olabilir. Aslinda
bu arastirmadaki basari diizeyinin, dort degiskenin birlikte hesaplanan APSS
degerine gobre vyiksek olusu, yontem ve teknikler lehine basariyi
gostermektedir. Sorun, yontem ve tekniklerin yetersizligindedir. Zira hicbir
yontem veya teknik, herhangi bir bilgi cesidinin 6zeliklerini amag edinerek
gelistirildigi soylenemez. Herhangi yontem veya teknigin, bilginin: konu ve bilgi
tlrd acgisindan, ilmi epistemolojik yoni ve seviye 6zelliklerini dikkate alinarak
gelistirilmemesi, yine bilginin semiotik 6zelliklerinin dikkate alinarak, yontem
veya tekniklerin gelistirilmemeleri arastirmadaki bu sonuglarin dogmasina
neden olmus olabilir. Bunlar, yontem ve tekniklerin vyetersizligi olarak
degerlendirilip, bu yetersizliklerin giderilmesi yoniinde gelistirmelerin
yapilabilecegi gibi her biri, yontem ve tekniklerden ayri ayri ele alinip, egitim ve
O0gretim slreglerine dahil edilerek O6zellestirilebilir. Egitim ve 06gretim
sireclerinin cesitlendirilmesinin gerekliligi sadece bu arastirmanin sonugclarina
dayanilarak soylenebilecek bir cikarim olmayip, yontem ve tekniklerin
pirimitifli§inede dayandirilabilir. Yontem ve tekniklerin, sosyal bilim-temel
bilim, o6zirli-saghkh, brans (spor-resim-miizik-fen bilgisi-v.b.) gibi sinirlarinin
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belirginlestiriimemesi, pirimitif dlzeyde olduklarinin gostergesi olarak
alinabilir.

Bilgi Uretim kalitesi ve efisiyansinin, kontrol teorisi icerisinde yer alan,
maksimizasyonunun yapilabilmesinde, degiskenlerin ANS, SS ve iS degerlerinin
minimizasyonu ve APS degerinin maksimizasyonunun, 6gretmen adaylarinin
bilgilerinin kontrolinde, 6énemli katkilari olabilir. Bu arastirmada verilerine
dayanarak, Ogretmen adaylarinin bilgilerinin kontroliine baslanacak ilk
degisken, verilenler-istenilenler degiskeni olmalidir. Bilginin kontroliine, bu
degiskenin APS degerinin maksimizasyonuyla baslanmalidir. APS degerinin
maksimizasyonu, ANS, NAPS ve SS skorlarini minimum yapacaktir. Fakat iS’nin
minimizasyonunun, APS degerinin maksimisazyonuyla dogrudan bir iliskisi
olmayabilir. iS’nin minimizasyonuna, APS’nin maksimizasyonundaki gibi 6zel bir
stratejiyi gerektirebilir. Bilginin kontroliinde, serbest cisim diyagrami
degiskeninin APS  degerinin maksimizasyonu  verilenler-istenilenler
degiskenindeki maksimizasyon ve minimizasyondan sonra yapilmalidir. Formiil
degiskeninin  APS degerinin maksimizasyonu, onceki iki degiskenin
maksimizasyonundan sonra yapilabilecegi gibi bu iki degiskenden 6ncede
yapilabilir. Fakat islem degiskeninin APS degerinin maksimizasyonu en son
yapiimalidir. Formiil ve islem degiskenlerinin APS degerlerinin maksimizasyonu,
o6gretmen adaylarinin hem bilgi dizeylerini hem de basari dizeylerini
artirabilecegi gibi basari dlizeylerinin, bilgi diizeylerini temsil etmesine de katki
saglayabilir.
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Abstract

The present study investigates how prospective science teachers’ procedural
knowledge about and knowledge control in Newton’s laws of motion can be
determined through changes in the stages of the variables. Their procedural
knowledge was regarded as a reason that might have an effect on their knowledge
levels, achievement levels and achievement scores. The analysis of the data obtained
through the measurement tools used to determine their procedural knowledge
showed that their achievement level is 56% in the quantitative implementation but
66% in the qualitative one. Their knowledge level is 0.55 (55%) and 0.57 (57%) in the
variable “formula” while it is 0.48 (48%) in the variable “operation”. This study was
concluded that students achievement level does not represent their knowledge level.
For this study, the variable “given-asked” is the one in which knowledge control can be
started earliest. The first thing to do should be to maximize the APS value of this
variable. This maximization will result in the minimization of the ANS, NAPS and SS
scores.

Key Words: Procedural knowledge, prospective science teachers’ knowledge and
achievement levels, variables in achievement, factors in achievement, knowledge
control
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Introduction

Collective use of procedural and declarative knowledge improves
education (Willingham, Nissen&Bullemer, 1989). Procedural and declarative
knowledge can be enhanced through various methods and techniques. They
can also contribute to the development of such methods and techniques
(Drummond et al.,, 1998, Howe et al, 2000; Kamouri et al., 1986;
Johnson&Star, 2007; Kirkhart, 2001; Andre&Ding, 1991). In order to teach
science in a decent way, it is important to study students’ procedural
knowledge levels. The reason for this is that teaching science is a scientific
discipline (Good et al., 1985) including basic definitions of science and that
procedural knowledge is a part of scientific knowledge.

The present paper is based on three reasons for studying students’
procedural knowledge levels. Firstly, procedural knowledge is part of scientific
knowledge. Next, most of our knowledge is in fact procedural (Anderson et al.,
2001; Baumard, 1999; Dacin&Mitchell, 1986). Finally, there is a correlation
between obtaining controlled knowledge (Anderson 1976, 1983; Baumard,
1999) and comprehension/procedural knowledge during the process of
instruction and education (Ozenli, 1994, 1999). Therefore,
instructional/educational methods and techniques could benefit from the
incorporation of these three reasons into the process of instruction/education
within the framework of the principles of induction and deduction.

Obtaining controlled knowledge is related not only to the definition of
procedural knowledge but also to variables. Procedural knowledge is obtained
through the rules that show how something can be carried out and in which
certain instructions or commands are put into practice step by step
(Hiebert&Lefevre, 1986; Star, 2002). Thus, it can also be called the kind of
knowledge obtained through control. What knowledge “control” means is “not
that the trainee does not have free willl It means the maximization of the
quality and efficiency of the trainee’s functional behaviors and production
within the framework of the theory of control depending on the trainer’s
criteria  and limitations (restrictive conditions) (Ozenli, 1999)”. The
maximization of the quality and efficiency of the trainee’s production can be
achieved either by complying with the instructions included within the
characteristics of procedural knowledge step by step or by increasing the APS
values in the stages of the variables. This study discusses “control” over the
APS values in the stages of the variables.
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The relationship between procedural knowledge and comprehension
could be established within the framework of cybernetic and mathematical
logic as follows:

“In information or data follow, comprehension refers to the conceptualization
of the integration of regularities and cognitive modules, which seem to be
relatively independent of each other, within a superstructure semantic web,
and thus an understanding into how to decipher the code of what is perceived
in semantic memory by transforming “procedural knowledge form” into
“declarative knowledge” structure (Ozenli, 1999)”. The definition might suggest
that procedural knowledge is a starting point of comprehension.

“The logical foundations of man’s cognitive functions constitute “the
operational notion of sanity”. It is surely beyond doubt that one must accept
the existence of some notable procedural knowledge for the structure of this
cognitive domain. Such knowledge automatically represents itself with
reconciliation between practical and cognitive axioms through scientific books
or publications that include graphical-pictorial, statistical and semantic
characteristics. This cognitive automatism is always ready for axiom... Whereas
cognitive automatism is a flowchart for activities, comprehension is the
conceptualization of the integration of cognitive modules in this chart, which
seem to be relatively independent of each other, within a semantic web. This
state begins when the connection among the three sets of fundamental
knowledge, namely “pictorial-graphical”, “procedural-declarative” and
“verbal”, is established (Ozenli, 1999)".

Procedural knowledge is about how to think (Sahdra&Thagard, 2003;
Heyworth, 1999). Furthermore, it plays a key role in constructing concepts and
obtaining declarative knowledge (Lawson et al., 2000; Lawson, 1991). It is also
related to skills and performance change in tasks (Willingham,
Nissen&Bullemer, 1989; Berge&Hezewijk, 1999; LeFevre et al.,, 2006;
Phillips&Carr, 1987). Therefore, students’ procedural knowledge levels were
determined through Newton’s laws of motion.

Methodology

The data for the study were collected from 1% grade prospective
science teachers taking the lesson Physics 1, in which Newton’s laws of motion
are covered, through quantitative and qualitative case studies. “Holistic multi-
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state design” and “holistic single-state design” were used for the quantitative
and qualitative parts of the study respectively. The quantitative data were
collected through a 7-item questionnaire designed with the purpose of
collecting personal information about students and a test which consisted of
12 multiple-choice questions on procedural knowledge, whose reliability and
validity had been established beforehand (Cronbach Alpha “a”: 0,82). The
questionnaire on personal information included questions as to a) gender, b)
university, c) type of high school d) time spent on studying Newton’s laws of
motion e) styles of studying Newton’s laws of motion f) achievement score in
general physics 1 g) achievement score in general math 1. Procedural
knowledge is the kind of knowledge that explains how a certain process can be
carried out within the framework of specific and clear procedures (Ozenli,
1999). Ten of the questions on procedural knowledge were chosen from the
literature in order to determine those students who fit that description
(Halloun, Hake, Mosca&Hestenes, 1995; Baharestani, 1999). The remaining
two questions, on the other hand, were composed by the researcher. The
guestions on procedural knowledge were based on comparisons about motion
as affected by friction force, free fall, projectile motion, constant velocity
motion, centripetal force, accelerated motion and spring force. No numerical
value was asked for.

The qualitative data for the study were collected through three
different measurement tools. The first one is “The Qualitative Measurement
Tool 1 (the QMT 1) which is comprised of four semi-structured questions.
These questions were chosen among the questions used for the test on
procedural knowledge. The second one, “The Qualitative Measurement Tool
(the QMT 2)”, includes formulas for physics required to solve the problems in
the QMT 1. In other words, the QMT 2 includes the procedures for the QMT 1.
The QMT 2 is comprised of 23 semi-structured questions to measure whether
students have a clear idea about the procedures for the QMT 1. The third
measurement tool, “The Qualitative Measurement Tool 3 (the QMT 3)”,
contains 50 semi-structured questions to measure their basic knowledge about
math which is required for the questions in the QMT 1. Forty-one of these
questions were borrowed from the literature (Haeussler&Paul, 1993; Karakas,
2001). The remaining 9 questions were composed by the researcher.

The population of the study was comprised of 1* grade prospective
science students from the faculties of education located in Turkey. The sample
of the study from whom the quantitative data were collected was comprised
of 599 1*' grade students studying at the department of Science Teaching,
faculty of education, at seven universities in Turkey, during the second term of
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the educational year 2009-2010. These students had already taken general
physics 1 and general math 1. The universities were randomly selected on the
basis of provincial achievement and achievement of the universities
themselves. The sample of the study from whom the qualitative data were
collected was comprised of 7 voluntary students who had answered the
questions included within the quantitative data collection tools and whose
answers differed in achievement score in general physics 1, achievement score
in general math 1 and answers to the questions in the questionnaire.

The present study was implemented in two stages, namely the
guantitative one and the qualitative one. At first, the data for the study were
collected through the questionnaire on personal information and test on
procedural knowledge (the quantitative stage). Afterwards, the QMT 1, the
QMT 2 and the QMT 3 were implemented (the qualitative stage). Through
these measurement tools, the data were collected in one session with two
parts, namely the written one and the interview-based one. During the former,
the students were informed about the measurement tools. After that, they
were asked to solve the problems in the QMT 2, the QMT 3 and the QMT 1
respectively. During the second part, the data were collected through
interviews in which the students were asked to explain how they solved the
problems in the QMT 1. When suitable, their answers were compared with the
data from the QMT 2 and the QMT 3 and they were addressed with certain
questions. Furthermore, when the need arose, the students were asked to
explain some of the data obtained from the QMT 1. For example, free-body
diagram could have been used by one of the students for solving one of the
problems. This student was asked to draw the free-body diagram if he/she had
not used it for the question in the QMT 1. The other six students underwent
the written part and the interview-based part in the same order.

The students’ procedural knowledge about Newton’s laws of motion
was determined depending on the reasons that might have an effect on their
knowledge levels, achievement levels and achievement scores. Whether
students can obtain controlled knowledge or not will be discussed over the
APS values in the stages of the variables. Their knowledge levels were
determined through the APS value of the variables “formula” and “operation”,
two variables measured in the qualitative stage. Since the variable “given-
asked” constituted the data for the study and the variable “free-body diagram”
was merely a method to make it easier for the students to solve the problems,
the APS values in neither of these variables were considered as knowledge
level. Their achievement levels, on the other hand, were determined through
guantitative and qualitative stages. Their achievement levels were discovered
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through the test on procedural knowledge and the QMT 1 in the quantitative
stage and qualitative stage respectively. Their achievement in the qualitative
stage was discovered through the written part. The correct answers provided
by the students to the questions included in the test on procedural knowledge
were regarded as “The ratio of correct answers to the test in Table 1” whereas
the correct answers they provided to the questions included in the QMT 1
were accepted as “The ASS Value by Percentage”. Their achievement levels in
the QMT 2 and the QMT 3 were determined as well.

The reasons that might have an effect on their achievement score
were divided into two groups, namely variables and factors in achievement. In
this study, the factors in achievement were determined through the
guantitative and qualitative stages. Some of the factors measured through the
guantitative stage cannot be changed. Even so, they can be improved, which is
actually one of the objectives of education. On the other hand, the factors
measured through the qualitative stage® can be changed.

Some of these factors were measured with the items included in the
guestionnaire on personal information. The other factors in achievement were
measured through the QMT 2 and the QMT 3 during the written part of the
gualitative stage. An attempt was made to determine whether there was a
significant correlation between the items included in the questionnaire on
personal information and the test on procedural knowledge. The factors
between which there was a significant correlation are those factors which have
an influence on achievement. On the other hand, the factors between which
there was no significant correlation are factors which do not have an influence
on achievement. A calculation was made into the effects of the factors “the
QMT 1” and “QMT 2", which were measured in the qualitative stage, on the
result (ASS) by percentage, i.e. on achievement level.

In this study, the variables in achievement were measured through the
written and interview-based parts in the qualitative stage. The variables in
achievement are as follows: a) given-asked b) free-body diagram c) formulas
for solutions to the questions d) operations required for solutions to the
guestions. The students’ scores in these variables were calculated in order to
determine the effect of the variables on the score in the QMT 1 (ASS). Their
procedural knowledge about Newton’s laws of motion was determined with a
consideration into the fact that their scores in the variables might have an

® This study considers the QMT 2 and QMT 3, which were measured in the qualitative
stage, as factors in achievement. They can also be accepted as variables in different
studies.
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effect on the result (ASS). Knowledge control, on the other hand, was
evaluated on the basis of the APS, ANS, NAPS, SS, IS values of the variables.

An interval scale was used for their achievement scores in general
physics 1 and general math 1. A nominal scale was used for their gender,
university, type of high school, time spent on studying Newton’s laws of
motion, styles of studying Newton’s laws of motion, the test on procedural
knowledge, the QMT 1, the QMT 2 and the QMT 3.

SPSS was used for the analysis of the correlation between the answers
to the questionnaire on personal information and the test on procedural
knowledge. The data obtained through the QMT 1, the QMT 2 and the QMT 3
were analyzed through a software program developed for Probability and
Possibility Calculation Statistics for Data Variables (VDOIHI); Statistical
Methods for Combined Stage Percentage Calculation (Yilmaz, 2011;
Yilmaz&Yalgin, 2011).

Findings and Conclusion

The students’ achievement levels regarding their procedural
knowledge about Newton’s laws of motion were determined through their
(599 students) answers to the questions included within the test on procedural
knowledge about Newton’s laws of motion. The study found that the students
had an achievement level of 56% in the quantitative stage. In other words,
those students participating in the quantitative stage of the study got 4,025
points out of twelve questions on procedural knowledge (each correct answer
was scored 1). The maximum point that can be obtained from the test is 7,188
(the number of students X the number of questions). Therefore, the students
had an achievement level of 0.56 in the test on procedural knowledge. Table 1
presents the proportion of the correct answers provided by the students to the
maximum score that can be obtained from the measurement tool
implemented in the quantitative stage of the study, and findings and results
obtained through the measurement tools in the written and interview-based
parts in the qualitative stage.
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Table 1. Students, scores of variables of QMT1 and achievement levels

Points/
Variable

Given-Asked Free-Body Diagram Formulas Operations Sum of Variables

P 33,00 55,00 66,67 13,00 29,00 123,0 63,00 73,00 15,87 100,0 1000 0,00 209,0 257,0 22,97

ASS 0,66 0,66
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The achievement levels of the students participating in the qualitative
stage of the study were determined through their answers to the questions in
the QMT 1. The achievement levels in the qualitative stage were determined
through the written part. It was discovered that the seven students
participating in the written part had an achievement level of 66% in the
guestions on procedural knowledge about Newton’s laws of motion. In other
words, the students participating in the qualitative stage of the study got 18.48
points out of the answers they provided to the four questions on procedural
knowledge. The fraction “0.48” resulted from the fact that one of the
questions required two different pieces of knowledge. Each correct answer
was scored 1. Then, the total score was divided by two, which yielded this
fraction. In other words, this fraction was obtained because the students got a
score of 0.5 when they provided a correct answer to this particular question.
The maximum score that can be obtained from the questions on procedural
knowledge is 28 (the number of questions X the number of questions). The
students had an achievement level of 0.66 in the questions on procedural
knowledge in this stage. Their achievement levels in the QMT 2 and the QMT 3
were 54% and 82% respectively.

Their knowledge level in the variable “formula” was 0.55 (55%) and
0.57 (57%) whereas it was 0.48 (48%) in the variable “operation”. Since their
achievement levels in the variable “formula” and in the test on knowledge are
similar, a connection could be established between the former and the latter.
Nevertheless, their knowledge level in the variable “operation” experienced a
decrease, so it cannot represent their knowledge level. The achievement level
measured in the qualitative stage is higher than knowledge level in the
variables “formula” and “operation”. Seeing that their knowledge level
especially in the variable “operation” was lower than the one in the variable
“formula”, and there was a great discrepancy between their achievement level
and knowledge level, it was concluded that their achievement level does not
represent their knowledge level, which is also supported by the findings of the
studies conducted by Yilmaz (2011), Yilmaz (2012) and Yilmaz and Yalgin
(2012a, 2012b). These studies found that prospective teachers’ knowledge
levels do not represent their achievement level.

This paragraph includes the factors that might have an effect on the
students’ achievement scores in their procedural knowledge about Newton’s
laws of motion. The t-test analysis showed that the male students got
significantly’ higher scores than the female ones (Table 2). The analysis of

” The analysis of significance was conducted at the level p<.01.



88 The Journal of SAU Education Faculty, 23 (December 2012)

variance yielded significant® differences in the students’ procedural knowledge
depending on the university they study at (Table 3). Scheffe’ test was
conducted in order to determine between which universities the difference
existed (Table 4). The test concluded that the students from the 1° university
got significantly® higher scores in the questions on procedural knowledge than
those from the 5™ one; those from the 3™ one than those from the 5" one;
those from the 4" one than those from the 2™ 5™ and 6™ ones; and those
from the 7™ one than those from the 5" one. The ANOVA reported no
significant™ difference in scores depending on the type of high school the
students had graduated from (Table 5). Similarly, the analysis reported no
significant™ difference in scores depending on the amount of time spent on
studying Newton’s laws of motion (Table 6). Likewise, no significant®
difference in scores existed between different styles of studying Newton’s laws
of motion (Table 7). The correlation analysis of the scores in general physics 1
yielded a slightly significant and positive correlation. (r=.220, p=.000) (Table 8).
Similarly, the correlation analysis of the scores in general math 1 yielded a
slightly significant and positive correlation (r=.130, p=.003) (Table 9). It was
concluded that gender, differences in university, achievement score in general
physics 1 and general math 1 are factors that have an influence on the
students’ procedural knowledge. However, the type of high school they
graduated from, time spent on and styles of studying Newton’s laws of motion
are not factors in their procedural knowledge.

Table 2. The t-test results by gender

Gender N X X) sd t p
Femal 442 : 2. :
emale 5.50 09 099 347 001
Male 157 6.19 2.23 178
**p<.01

® The analysis of significance was conducted at the level p<.01.
® The analysis of significance was conducted at the level p<.01.
" The analysis of significance was conducted at the level p<.01.
" The analysis of significance was conducted at the level p<.01.
" The analysis of significance was conducted at the level p<.01.
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Table 3. The ANOVA results byby Universities students study at

Sum of Mean
i i N X
University SS Squares Square p
1. University 172 6.30 1.96 Between
h 427.01 71.17
2.University 59 527 1.93 ¢ 0
groups
3. University 66 5.53 1.87 In
2343.22 2 3. . .
4. University 70 6.81 2.25 Groups 343 °92 395 17.98 .000
5. University 78 394 2.04
6. University 66 5.15 1.84 Total 2770.24 598
7. University 88 3.93 1.99
**p<.01

Table 4. Procedural knowledge questions total points Scheffe test results by
universities study at

. . . . The Mean

University University Difference
1. University 5. University 2.35 .000
3. University 5. University 1.58 .001
4. University 2. University 1.54 .004
4. University 5. University 2.86 .000
4. University 6. University 1.66 .001
7. University 5. University 1.98 .000
Table 5. The ANOVA results by the type of high school which students
graduated

The Type of Sum of Mean

High School N X S8 Squares Square P

Betwee
High School 269 564 2.13 nthe 17.42 2 8.71
groups

Anatolia and

Science High 258 5.84 2.18 In Group 2752.81 596 4.61 1.88 .152

school

Second

Language High 72 5.30 2.06 Total 2770.24 598

School
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Table 6. The ANOVA results by the amount of time spent on studying Newton'’s
laws of motion

The Amount of Sum of Mean
. N X SS p

Time Spent Squares Square
Between

After Class 200 5.64 2.03 the .775 2 .388
groups

Before Exam 304 5.72 2.16 In 2769.46 596 4.64 .083 .920
Groups

Before and After
Class and Before 95 5.67 2.36 Total 2770.24 598
Exam

Table 7. The t-test results by style of studying Newton’s laws of motion

Style of Studying N X SS sd t p

Listening Class 263 576 2.19 .135

Listening Class and using 752 452

) i 336 5.63 2.11 .115
different materials

Table 8. Correlation results between students general physics | grades and
procedural knowledge test

Procedural Knowledge Q.

General Physics | .220**

** p<.01

Table 9. Correlation results between students general mathematics | grades
and procedural knowledge test

Procedural Knowledge Q.

General Mathematics | .130**

** p<.01

The factors in the QMT 2 and the QMT 3 determined in the qualitative
stage were interpreted on the basis of the findings obtained in the written
part. The students’ knowledge about the QMT 2 is thought to affect their
scores in the QMT 1, i.e. their achievement level, by 54%. Their knowledge
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about the QMT 3 is thought to affect their scores in the QMT 1, i.e. their
achievement level, by 82%.

The effects of the variables measured through the written part on the
result “ASS” are as follows:

It is thought that the students’ knowledge in the positive stages of the
variable “given-asked” has an effect of 12% on the ASS value. Their
unconnected knowledge cannot affect the ASS value (0%). Similarly, their
negative knowledge cannot have an influence on the ASS value (0%). Their
positive knowledge in negative stages cannot have an influence on the ASS
value (0%). It is thought that zero score has an effect of 88% on the ASS value.

It is thought that the students’ knowledge in the positive stages of the
variable “free-body diagram” has an effect of 12% on the ASS value. Their
unconnected knowledge cannot affect the ASS value (0%). Their negative
knowledge is thought to affect the ASS value negatively by 18%. Their positive
knowledge in the negative stages might have an influence of 5% on the ASS
value. It is thought that zero score has an effect of 81% on the ASS value.

It is thought that the students’ knowledge in the positive stages of the
variable “formula” has an effect of 55% on the ASS value. Their unconnected
knowledge is thought to affect the ASS value negatively by 2%. Their negative
knowledge is thought to affect the ASS value negatively by 0.90%. Their
positive knowledge in the negative stages might have an influence of 2% on
the ASS value. It is thought that zero score has an effect of 43% on the ASS
value.

It is thought that the students’ knowledge in the positive stages of the
variable “operation” has an effect of 48% on the ASS value. Their unconnected
knowledge is thought to affect the ASS value negatively by 15%. Their negative
knowledge is thought to affect the ASS value negatively by 5%. Their positive
knowledge in the negative stages might have an influence of 7% on the ASS
value. It is thought that zero score has an effect of 40% on the ASS value.

The collective effects of the four variables of the questions in the QMT
1 on the result are as follows: Their knowledge in the positive stages has an
effect of 34% on the ASS value. Their unconnected knowledge is thought to
affect the ASS value negatively by 6%. Their negative knowledge is thought to
affect the ASS value negatively by 3%. Their positive knowledge in the negative
stages might have an influence of 3% on the ASS value. It is thought that zero
score has an effect of 40% on the ASS value. Their knowledge about the QMT 2
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is thought to have an effect of 54% on the ASS value whereas their knowledge
about the QMT 3 is believed to have an effect of 82% on the ASS value.

The effects of the variables measured through the interview-based
part on the result “ASS” are as follows:

It is thought that the students’ knowledge in the positive stages of the
variable “given-asked” has an effect of 16% on the ASS value. Their
unconnected knowledge cannot affect the ASS value (0%). Similarly, their
negative knowledge cannot have an influence on the ASS value (0%). Their
positive knowledge in the negative stages cannot have an influence on the ASS
value (0%). It is thought that zero score has an effect of 84% on the ASS value.

It is thought that the students’ knowledge in the positive stages of the
variable “free-body diagram” has an effect of 23% on the ASS value. Their
unconnected knowledge cannot affect the ASS value (0%). Their negative
knowledge is thought to affect the ASS value negatively by 22%. Their positive
knowledge in the negative stages might have an influence of 10% on the ASS
value. It is thought that zero score has an effect of 44% on the ASS value.

It is thought that the students’ knowledge in the positive stages of the
variable “formula” has an effect of 57% on the ASS value. Their unconnected
knowledge is thought to affect the ASS value negatively by 2%. Their negative
knowledge is thought to affect the ASS value negatively by 0.8%. Their positive
knowledge in the negative stages might have an influence of 2% on the ASS
value. It is thought that zero score has an effect of 37% on the ASS value.

It is thought that the students’ knowledge in the positive stages of the
variable “operation” has an effect of 48% on the ASS value. Their unconnected
knowledge is thought to affect the ASS value negatively by 15%. Their negative
knowledge is thought to affect the ASS value negatively by 5%. Their positive
knowledge in the negative stages might have an influence of 7% on the ASS
value. It is thought that zero score has an effect of 40% on the ASS value.

The collective effects of the four variables of the questions in the QMT
1 on the result are as follows: Their knowledge in the positive stages has an
effect of 37% on the ASS value. Their unconnected knowledge is thought to
affect the ASS value negatively by 6%. Their negative knowledge is thought to
affect the ASS value negatively by 4%. Their positive knowledge in the negative
stages might have an influence of 4% on the ASS value. It is thought that zero
score has an effect of 53% on the ASS value. Their knowledge about the QMT 2
is thought to have an effect of 54% on the ASS value whereas their knowledge
about the QMT 3 is believed to have an effect of 82% on the ASS value.
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Discussion and Implications

The APS value of the variable “given-asked” in the interview-based part
increased by 33,33% when compared to the written part. However, the IS, ANS
and NAPS values did not change and had a value of 0, which suggests that
there is no correlation between the stage scores of this variable. The variable
was affected only by the positive stage. This variable is the data on the
procedural knowledge and includes clues as to the prerequisites for solving the
problems. The fact that the IS and ANS values are not included among these
prerequisites indicates that the process of problem-solving was not affected by
the errors in the prerequisites, which, in turn, suggests that the effect on the
ASS value was caused only by the variables specified. In other words, this
suggests that the effect on the ASS value was not caused by an uncertain
variable or factor. The APS results were low in both the written part and
interview-based part, which suggests that the amount of data perceived by the
students is low and the ASS value will be low, too. Alternatively, this suggests
that not knowledge but foresight will be important in the ASS value in the
event that measurement tools do not require a statistical value. The reason is
that the ASS value was 0.66 although the PSS values obtained by calculating
the four variables collectively were 0.34 and 0.37, which suggests that
foresight is as influential as the variables. If the purpose of education is to
ensure the transition from data to knowledge through scientific processes,
increasing the APS values of the variables in the present study can be argued
to be the educational purpose of the study. The reason is that an increase in
the APS value will decrease the influence of foresight and increase the effect of
scientific processes on the transition from data to knowledge. The correlation
between the APS and foresight is the starting point of obtaining controlled
knowledge throughout the process of education.

The APS values of the variable “free-body diagram” were low in the
written part and interview-based part, which indicates that the variable should
be attached as much priority as the variable “given-asked” in order to enable
students to move from data to knowledge. The APS value of the variable “free-
body diagram” in the interview-based part increased by 91,67% when
compared to the written part, which resulted in a correlative increase in the
ANS and NAPS values. The increases in the percentages of the ANS and APS
were similar and directly proportional to each other. The increase in the
percentage of the ANS was inversely proportional to the one in that of the APS.
The increase in the percentage of the NAPS was higher than the one in that of
the ANS, which reflects the tendency of the negative stage to turn into the
positive stage. The fact that the negative stage is open to positive change could
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be an advantage of trainers during the process of education. When they are
aware of the fact that the negative stage is open to positive change and when
they are able to increase the APS value, the variable might undergo a quick
transformation.

The APS values of the variable “formula” in the written and interview-
based parts were in parallel with the values in the QMT 2, which measures
whether the students have a clear idea about the formulas they require for
solving these questions. The parallelism indicates that the two measurement
tools are reliable. The APS values and the QMT 2 values provide information
about the students’ knowledge level about the rules of procedural knowledge.
The fact that the APS and ASS values were similar suggests that they are
directly proportional to each other. This correlation means that the students’
problems with procedural knowledge are caused by other variables or factors.
There is a slight difference between the written and interview-based parts,
which indicates that the students’ knowledge in the positive stage is closed to
change. In other words, it indicates how difficult it is to change their
memorized knowledge. Furthermore, it suggests that improvements in the
other variables are so important in order for their achievement level in solving
guestions to get improved.

The APS value of the variable “operation” in the written and interview-
based parts was lower than that of the variable “formula”, which suggests that
the students have problems with carrying out operations with these formulas.
These problems could be the low amount of data they could perceive in the
variable “given-asked” and their limited ability to make use of the free body
diagram. The problems with the variable “operation” could be related to the
characteristics of the variable itself. The definition of the regular knowledge
could account for this relation. It suggests that a certain process cannot be
carried out within the framework of specific and clear principles (algorithms).
In other words, it shows that students have difficulty in establishing connection
between their pieces of memorized knowledge. If one of the objectives of
education is to enable students to transform knowledge into comprehension
by using data and/or procedures (memorized knowledge and operations), the
fundamental variable for this process is “operation”, which is a dependent one
since it is affected by the others. Furthermore, this variable is the fundamental
one whereby a control over knowledge can be achieved. The IS value in this
variable might suggest that students unconsciously make an attempt to get rid
of the SS situations in the variable “formula”. It can also be interpreted as the
follow-up of the IS knowledge in the latter variable. The value of the QMT 2,
which is used to measure whether students have an idea about the procedures
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for the variable “operation”, was the highest of all measured throughout the
present study. Nevertheless, the APS values of this variable was lower than
those of the variable “formula”, which suggests that students have problems
with using their knowledge about math in formulas. The problem that “a
certain process cannot be carried out within the framework of specific and
clear principles” is also the case for their knowledge about math. The fact that
the APS values did not differ between the written and interview-based parts
might have been caused by the high value of the QMT 3. No difference exists
between the stage values of the written and interview-based parts for this
variable, which suggests that the students were not affected by the researcher
while they were trying to come up with a solution.

The APSS values of the four variables are low, which explains why the
ASS value, an indicator of the students’ achievement level, is low. This APSS
value is an indicator of the fact that students are able to come up with the
solution to the questions within the clear principles (algorithms) of accurate
data and procedures. The more ambiguity exists in knowledge (SSS), the more
difficulty students have in coming up with a proper solution. Among the
reasons for the difficulty in coming up with the correct solution are the effects
of the ISS, ANSS and NAPSS.

In the quantitative stage of the study, there is a significant difference
between the data obtained from the students from seven different
universities, which suggests that they have different types of and problems
with knowledge. In other words, their problems with knowledge are not
caused by chronic problems. For instance, the problem the students have with
understanding Newton’s laws of motion might be caused by the educational
differences at the universities or individual problems of students rather than
the difficulty presented by the subject itself. This is a positive condition for
education, for it is fixable or improvable. In addition, an important educational
result is presented by the fact that different educational processes yield
different results.

It is possible that there are two reasons for the fact that the students’
achievement level does not represent their knowledge level. Firstly, the
difference between their achievement level and knowledge level might have
resulted from the fact that the questions included within the measurement
tools are based on comparison. It is recommended that a different study
should be conducted with a measurement tool which consists of questions on
finding a certain statistical value and therefore a comparison could be made
between the results of that kind of a prospective study and the present one in
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order to check whether the problem is caused by the type of the questions
included in the measurement tool. In that case, however, it can be concluded
from the APS values of the variables in the present study that the achievement
levels to be obtained through such a measurement tool based on certain
statistical values will be low. The second reason why their achievement level
does not represent their knowledge level might be the problems with the
educational methods or techniques. Besides the low level of knowledge and
achievement, the APS values in the variables “given-asked” and “free body
diagram” were low, which suggests that there are certain problems concerning
the educational methods or techniques. In fact, the achievement level
measured by this study was higher when compared to the collective APSS
value of the four variables, which is an achievement on the part of the
methods and techniques. The problem is that methods and techniques are
insufficient, for no method or technique can be argued to have been designed
for the characteristics of a certain type of knowledge. The results of the
present study might have been caused by the fact that no method or
technique is designed with a consideration into the scientific epistemological
or semiotic aspects of knowledge in terms of subject and knowledge type.
These should be considered as the insufficiency of methods and techniques.
Therefore, certain improvements could be made. Alternatively, each of them
could be assessed independent of others, incorporated into the process of
education and instruction, and customized. The necessity that educational and
instructional processes should be more varied and diversified is not an
assumption that can be presented only by the results of this study. In contrast,
it can be based on the primitiveness of methods and techniques. The
boundaries of methods and techniques are clear-cut and different for social
science-fundamental science, disabled-healthy, or different branches (sports,
painting, music, science, etc.), which suggests that they are primitive.

The minimization of the ANS, SS and IS values and the maximization of
the APS value could make a great contribution to knowledge control and the
maximization of the quality and efficiency of knowledge production, which is
included in the theory of control. For this study, the variable “given-asked” is
the one in which knowledge control can be started earliest. The first thing to
do should be to maximize the APS value of this variable. This maximization will
result in the minimization of the ANS, NAPS and SS scores. Even so, there might
not be a direct correlation between the minimization of the IS and the
maximization of the APS. The former might require a specific strategy.
Afterwards, the APS value of the variable “free-body diagram” should be
maximized. The APS value of the variable “formula” could be maximized either
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earlier or later than these two variables. However, the APS value of the
variable “operation” should be maximized later than the other variables. The
maximization of the APS values of the variables “formula” and “operation”
could increase both the students’ achievement level and knowledge level, and
thus help the former to represent the latter.
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Effect of Science and Technology Club on Students' Science and
Technology Literacy and Attitudes towards Science”
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Abstract

The purpose of this study is to determine whether The Science and Technology Club
has effect on the scientific and technology literacy and the attitude towards science of
primary school students or not. The study is an experimental study, in this study pre-
test—post-test control group pattern is used. A total of 48 students randomly selected
by assigning were included in the survey, 24 students from the experimental group and
24 students from the control group. In the experimental group, activities of the Science
and Technology Club were applied; whereas in the control group, activities of the
other clubs were applied. In this study, Scientific Literacy Scale and Attitude Towards
Science of Scale were used for data collection. Scientific Literacy Scale and Attitudes
Toward Science Scale was applied as pre-test and post-test to control and
experimental groups. In analysing data, t-test, Mann Whitney U-Testi for Independent
Samples and ANCOVA were used. End of the study, it was found that there were no
diffrences between experimental and control groups, but, in the other hand both
experimental and control groups science and technology literacy have been increased.
There were no differences in attitutes to science.

Key Words: Science and technology education, science and technology club, science
and technology literacy, attitude.

* Bu galisma 27-30 Haziran Nigde’de yapilan 10. Ulusal Fen Bilimleri ve Matematik Egitimi Kongresi'nde
bildiri olarak sunulmustur.
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Extended Summary
Purpose

The purpose of this study is to determine whether The Science and Technology
Club has effect on the scientific and technology literacy and the attitude
towards science of primary school students or not. The study was applied to
the second level students of an elementary school which attached to the
Ministry of National Education in Kandira town of Kocaeli province in the
second term of 2010-2011 educational year.

Method

The study is an experimental study one, in this study pre-test — post-test
control group pattern is used. A total of 48 students randomly selected by
assigning were included in the survey, 24 students from the experimental
group and 24 students from the control group. In the experimental group,
activities of the Science and Technology Club were applied; whereas in the
control group, activities of the other clubs were applied. in this study,
Scientific Literacy Scale developed by Keskin (2008) and Attitude Towards
Science of Scale by Duran (2008) were used for data collection.

Results

End of the study, it was understood that studies of The Science and Tecnology
Club has effect on the scientific and technology literacy science on the second
level of primary school students, but, in the other hand both experimental and
control groups science and technology literacy have been increased. That
studies of The Science and Tecnology Club has effect on the attitude towards
science on the second level of primary school students.

Discussion

Considering the posttest science literacy average point of students in an
experimental group, we can state that there is an increase at the least and the
posttest science literacy average point is higher than students in control group.
These findings suggest that the studies conducted in Science and Technology
Club for this study have a meaningful effect on science literacy of students.
However, a statistical difference between the groups is not formed. In order to
observe a meaningful difference in terms of science literacy between
experimental group and control group, it can be considered that the study
should be continued for longer periods and the studies conducted in Science
and Technology Club should be designed differently. Despite the fact that
there is an increase in attitude points of students towards science, it can be
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argued that the reason of not forming a meaningful difference between groups
may be due to the short time of study. It is normal that a major difference in
attitudes of students who initially have positive attitudes towards science in a
short period of time is not formed. Consequently, to make a change in attitude
on a certain topic, a long term study should be conducted. It is observed that
the studies in Science and Technology Club had an effect on the development
of attitudes of female students towards science but this change did not
generate a meaningful difference statistically.

Conclusion

Students may be encouraged to follow the scientific magazines and
documentaries in science and technology area. As part of club work, a variety
of activities could be designed for students to make scientific experiments and
to make use of their creativity. Furthermore, by extending this study to a
longer period of time, the effect of Science and Technology Club on the science
literacy of students and their attitude towards science could be observed more
clearly.
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Bilim-Fen ve Teknoloji Kuliibii’niin Ogrencilerin Fen ve Teknoloji
Okuryazarhgina ve Fene Yonelik Tutumlarina Etkisi
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0z

Bu c¢alisma, ilkogretim okullarinda yer alan “Bilim-Fen ve Teknoloji Kulibi”niin
ogrencilerin fen ve teknoloji okuryazarliklarina ve fene yonelik tutumlarina etkisini test
etmek amaciyla yapilmistir.  Arastirmada On test—son test kontrol gruplu model
kullanilmistir. Arastirmaya deney grubundan 24, kontrol grubundan 24 6grenci olmak
Uzere toplam 48 o0grenci katilmistir. Deney grubunda Bilim-Fen ve Teknoloji
Kulibi’'niin ¢ahsma plani uygulanirken, kontrol grubunda diger kulliplerin ¢alisma
planlari uygulanmistir. Deney ve kontrol gruplarina Fen Okuryazarlk Olcegi ve Fene
Yonelik Tutum Olgegi 6n test ve son test olarak kullaniimistir. Verilerin analizinde t
testi, Mann Whitney U testi ve ortak degiskenli varyans analizi (ANCOVA) kullaniimistir.
Calisma sonunda deney ve kontrol grubu arasinda fark olusmazken, hem deney hem de
kontrol grubunda fen ve teknoloji okuryazarliklarinin arttigi gérilmustir. Kulibiin, fene
yonelik tutuma ise etkisinin olmadigi tespit edilmistir.

Anahtar Kelimeler: Fen ve teknoloji 6gretimi, bilim-fen ve teknoloji kuliibii, fen ve
teknoloji okuryazarhigi, tutum
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Giris

GUnimuizde bilim ve teknoloji hizla ilerlemektedir. Bu nedenle
bireylerin her tarli bilimsel bilgiyi 6grenmesi neredeyse imkansiz, bilim ve
teknoloji alanindaki gelismeleri de takip edebilmesi olduk¢a giic olmaktadir.
Bilim ve teknolojinin hizla ilerledigi bu vylzyilda, bireylerin caga ayak
uydurabilmesi icin fen ve teknoloji okuryazari olmalari zorunlu hale gelmistir.
UNESCO (1994), giderek bilim ve teknoloji ile sekillenen diinyada insanlarin
yasadiklari topluma yabancilasmamalari ve degisim yuzinden saskina dénip,
bulanima girmemeleri icin, fen ve teknoloji okuryazarligi tim diinyada kabul
edilen bir gereklilik olmahdir, 6nerisinde bulunmustur. Bu durum fen egitimine
verilen dnemi de artirmistir.

Fen bilimleri egitiminde en biliylik gelisme ikinci diinya savasindan
sonra yasanmistir. Rusya’nin, 1957’de ilk uyduyu uzaya firlatmasi, gelismis bati
Ulkelerini harekete gecirmistir. Teknolojik yarista geri kalmak istemeyen bu
Ulkeler, careyi fen bilimleri egitim-6gretimine ¢ok 6nem verilmesine ve yeni
yaklasimlarla ¢agdas hale getirilmesinde gérmuslerdir (Cepni, Ayas, Johnson ve
Turgut, 1997).

Gelismekte olan dlkelerin glinimiiz politikalari ve egitim programlari
incelendiginde, en yogun g¢abanin, bilim ve teknolojinin 6zel bir grup insanin
ugrasi olmaktan cikarilarak en azindan ilgi gosterme, asina olma bigiminde
toplumun geneline yayilmasi yolunda ortaya konuldugu gortlmektedir. Yani
amac¢ “fen okuryazar” bireyler yetistirerek, egitimin en alt kademelerinden
itibaren toplumun tiim bireylerini yogun teknolojik, bilimsel gelismelere ayak
uydurabilecek seviyeye getirebilmektir (Turgut, 2005).

Fen okuryazarligi terimi 1950’lerin sonlarina dogru ortaya cikmustir.
1950'lerde Paul DeHart Hurd (1958) “fen okuryazarligl” terimini “Amerikali
Okullar igin Bilimsel Okuryazarligin Anlami” isimli yayininda kullanmistir.
Hurd’un yani sira Rockefeller Report Fund, McCurdy da fen okuryazarhg
teriminden bahsetmistir (DeBoer, 2000). 1950’lerin  sonlarinda fen
okuryazarliga olan ilginin gliclenmesinin nedeni Sovyetler’in Sputnik projesine
karsi Amerika’nin bilime kamusal destek saglama girisimidir (Laugksch, 2000).
Bunun yani sira Hurd (1998), fen ve teknoloji okuryazarliginin koklerinin,
modern bilimin bati toplumlarina girmeye basladigi 1500°lG yillara kadar
uzandigini ifade etmektedir.

Fen ve teknoloji okuryazarligi konusunun cok kapsamli olmasindan
dolay! literatlirde bircok tanim yer almaktadir. 2004 Fen ve Teknoloji
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Programinda fen ve teknoloji okuryazarligi, genel bir tanim olarak; bireylerin
arastirma-sorgulama, elestirel disiinme, problem ¢6zme ve karar verme
becerileri gelistirmeleri, yasam boyu 6grenen bireyler olmalari, cevreleri ve
diinya hakkindaki merak duygusunu sirdirmeleri icin gerekli olan fenle ilgili
beceri, tutum, deger, anlayis ve bilgilerin bir birlesimidir (MEB, 2005). Cepni,
Bacanak ve Kiiglik (2003), konuyla ilgili literatlir calismalari sonucunda fen ve
teknoloji okuryazarligi tanimini asagidaki gibi yapmislardir:

“Fen kavram, teori, yasa ve bilimsel arastirma yontemlerini bilme; fen,
teknoloji ve toplumun birbirleri Gzerindeki etkilerini ve aralarindaki iliskileri
anlama; okulda teorik olarak o6grenilen bilgileri glinlik yasamda problem
¢6zmede, fenle ilgili toplumsal sorunlarin agiklamasini yapmada ve karar
vermede kullanabilme; fen icerikli makale, dergi ve kitaplari yazabilme,
okuyabilme ve anlayabilme; bilimsel tartismalarda tartismaya katilabilme,
kendi fikirlerini sdyleyebilme ve séylenenleri yorumlayabilme; tarafsiz, elestirel
ve yaratici diisiinebilme icin ihtiyac duyulan bilgi ve becerilere sahip olma”.

Fen okuryazari bir birey profesyonel anlamda fen, matematik ve
teknoloji icra etmek zorunda degildir (AAAS, 1993). Nasil okuryazar olan bir
kisinin en azindan adini soyadini yazabilmesi gerekiyorsa fen okuryazari olan
bir kisinin de fen bilimleriyle ilgili bircok anahtar (temel) bilimsel kavramlari
bilmesi gerekmektedir. Ornek olarak, DNA yazisini gérdiigii zaman kisi bunun
sadece D, N ve A harfleri olarak degil canlilardaki yonetici molekillerden birisi
olan kalitsal maddenin esasini olusturan, canlilara ait her tarli ozelligin
nesilden nesile gecmesini saglayan, bunlari kontrol eden énemli bir molekdil
oldugunu bilmelidir (Tirkmen, 2006).

Fen ve teknoloji okuryazari olan bir kisi, bilimin ve bilimsel bilginin
dogasini, temel fen kavram, ilke, yasa ve kuramlarini anlayarak uygun
sekillerde kullanir; problemleri ¢ozerken ve karar verirken bilimsel slreg
becerilerini kullanir; fen, teknoloji, toplum ve c¢evre arasindaki etkilesimleri
anlar; bilimsel ve teknik psikomotor beceriler gelistirir; bilimsel tutum ve
degerlere sahip oldugunu gosterir (MEB, 2006).

Ogrencilerimizin fen ve teknoloji okuryazari olarak yetisebilmeleri icin
sadece bilgi, anlayis ve beceri kazanmalari yeterli degildir. Ogrencilerde belirli
bilimsel tutum ve degerler de gelistiriimelidir (MEB, 2006). Bilim ve
teknolojideki hizli ilerlemeye paralel olarak tiim diinyada fen egitimine verilen
Onem artmis, egitim bilimindeki gelismeler tutum, motivasyon gibi 6grenci
ozelliklerinin 6grenme sirecindeki roliinii ortaya koymustur (Altinok, 2004).
Tutum, bireylerin belli bir kisiyi, grubu, kurumu veya bir distinceyi kabul ya da
reddetme seklinde gbzlenen, duygusal bir hazir olusluk hali veya egilimidir



