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Oz

Bu arastirmada; fen bilgisi 6gretmen adaylarinin Newton’un hareket yasalarindaki
deklaratif bilgi ve basari dizeylerine, matematik mantik bilgi ve basar dizeylerinin
etkisine odaklaniimaktadir. Ayrica bu arastirmada fen bilgisi 6gretmen adaylarinin
Newton’un hareket yasalarindaki deklaratif bilgi ve basari dizeylerine, prosediir basari
dizeylerinin etkisene de odaklaniimaktadir. Bu arastirmada, 6gretmen adaylarinin bilgi
dizeylerinin, basar diizeylerini yeterince desteklemedigi sonucuna ulasilmistir. Ayrica
prosedir basari diizeyleri, konu basari diizeyini desteklemesinin oldukg¢a sinirli oldugu
sonucunu ulasilmistir. Bu arastirmada NOA2 basari diizeyinin, formiil bilgi diizeyine
gore yiksek olmasi, sorunun/¢ézimin semantik yani ile ilgili olduguna isaret
etmektedir. Bu arastirmanin bulgularina dogrultusunda; egitimi strekli, yéntemlere
angaja etmekle iyi bir egitim saglanamayabilecegini gosterdigi sdylenebilir. Egitim
sureglerimizi gesitlendirmenin faydali olma ihtimali, faydali olmama ihtimalinden
yuksektir. Semiotik bilimi’de egitim sireglerine dahil etmeliyiz ki, 6gretmen adaylarinin
anlama siireglerine gerektigi gibi katki verilebilsin. Semiotik bilimin bir pargasini
olusturan “semantik”; bu arastirmada tartisilan “formul degiskeninin bilgi diizeyiyle”-
“prosediir basari dizeylerinin” iliskilendirilmesi, 06gretim siiregleriyle bire bir
iliskilendirilebilir.

Anahtar Sozciikler: Deklaratif bilgi; matematik mantik; fen bilgisi 6gretmen adaylarinin
bilgi dizeyleri; fen bilgisi 6gretmen adaylarinin basari diizeyleri
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Tiirkce Uzun Ozet

Giris

Bu arastirmanin amaci, bilgilerimizin dnemli bir kismini olusturan “deklaratif
bilgilerimizin” gelistiriimesine etki eden faktérlerden bazilarinin, alinan
orneklem Uzerindeki etkilerini belirleyerek, olasi ¢6ziim yollari dnermektir. Bu
arastirmada fen bilgisi 6gretmen adaylarinin deklaratif bilgilerini etkileyen
faktor olarak belirlenen; bilginin mantik yapisinin, prosedirlerinin ve
degiskenlerinin, 6gretmen adaylarinin bilgi ve basari diizeylerine etkileri
belirlenmektedir.

Materyal Metot

Bu arastirmanin verileri, 2009-2010 6gretim vyilinda, Newton’un hareket
yasalarinin 6gretildigi genel fizik 1 dersini alan, fen bilgisi 6gretmenligi birinci
sinif  6gretmen adaylarindan, nitel durum c¢alismasiyla toplanmistir.
Arastirmada “butlincil tek durum deseni” kullaniimistir. Arastirmanin verileri,
Uc 6lcme araci ile toplanistir. Bu 6lcme araclarindan ilki 6gretmen adaylarinin,
deklaratif ve matematik mantik bilgilerini dlcecek, “Nitel 6lcme araci 1 (NOA
1)” on yari yapilandirilmis sorudan olusturulmustur. Olgme aracinin sorulari,
kiyaslamaya ydnelik sorular olup, belirli bir sayisal deger sorulmamuistir. ikincisi;
“Nitel 6lgme araci 2 (NOA 2)”, NOA 1’in sorularinin ¢éziimiinde kullaniimasi
gereken fizik formiillerinden olusturulmustur. Diger bir degisle NOA 2, NOA
1’in prosediirleridir. NOA 2, 6gretmen adaylarinin NOA 1’in prosediirleri bilip
bilmedigini 6lgmek icin otuz alti yari yapilandiriimis sorudan olusturulmustur.
Ugiincli 6lgme araci; “Nitel 6lgme araci 3 (NOA 3)”, NOA 1’deki sorularin
¢6ziminde kullanilmasi gereken, temel matematik bilgilerini 6lcmeye yonelik
elli yari yapilandiriimis sorudan olusturulmustur. Toplanan verilerin analizinde,
Veri Degiskenlerinin Olasilik ve ihtimal Hesaplama istatistigi (VDOIHI); Birlesik
Asama Yiizde Hesaplama istatistiki Yontemleri (Yilmaz, 2011; Yilmaz&Yalcin,
2011) icin gelistirilen yazilim programi kullaniimistir.

Basari dizeylerini etkileyen degiskenler: a) Verilenler-istenilenler b) Serbest
cisim diyagrami c) tanim d) Formil ve e) islemler olarak belirlenmistir.
Degiskenlerin, NOA 1’in sonucuna “ASS” etkisini belirleyebilmek icin 6gretmen
adaylarinin bu degiskenlerden aldiklari puanlar hesaplanmistir. Ogretmen
adaylarinin degiskenlerden aldiklari puanlarin, sonucu “ASS’yi” % etkileme
ihtimalleri  hesaplanarak, Newton’un hareket vyasalarindaki deklaratif
bilgilerine; prosedir ve matematik mantik bilgi durumlarinin etkisi
belirlenmistir.
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Sonug ve Yorumlar

Ogretmen adaylarinin; Newton’un hareket vyasalariyla ilgili, deklaratif ve
matematik mantik bilgi sorularindan olusan 6lcme araciyla elde edilen basari
diizeyi %42 oldugu bulunmustur. Bu 6lgme aracinin yanlizca deklaratif bilgi
sorunlarinda 6gretmen adaylarinin basari dlizeyi %45, yalnizca matematik
mantik bilgi sorularindaki basar diizeyi %39 dir. NOA 2 6lgme aracinda,
dgretmen adaylarinin basari diizeyleri %57 ve NOA 3’te 6gretmen adaylarinin
basari dizeyleri %82 oldugu belirlenmistir. Ogretmen adaylarinin bilgi
diizeyleriyse %12, %14 ve %24’tir. Ogretmen adaylarinin basari diizeyleri, bilgi
diizeylerinden oldukca yiksek oldugu icin basari dlzeyleri, bilgi dizeylerini
temsil etmemektedir.

NOA 1’deki sorularin bes degiskeninin sonuca birlikte etkileri: Ogretmen
adaylarinin pozitif asamalardaki bilgisi, ASS sonucunu %15 etkiledigi
dusiiniilmektedir. iliskisiz bilgisi, ASS sonucunu %15 etkiledigi diisiinilmektedir.
Negatif bilgisi, ASS sonucunu negatif yonde %4 etkiledigi distnilmektedir.
Negatif asamalardaki pozitif bilgisi, ASS sonucunu %1 etkileme ihtimali vardir.
Sifir skoru, ASS sonucunu %77 etkiledigi diisiiniilmektedir. NOA 2 bilgisi, ASS
sonucunu %57 etkiledigi diistinilmektedir. NOA 3 bilgisi, ASS sonucunu %82
etkiledigi duslinilmektedir.

Tartismalar ve Oneriler

Ogretmen adaylarinin, NOA1’in dért deklaratif bilgi sorusunu, tanim bilgi
diizeyi 0.21'dir. Tanim bilgi dlizeyine, matematik mantik tanim bilgi diizeyinin
0.03 gibi son derece dislik bir katkisi vardir. Ayrica matematik mantik basari
diizeyinin 0.39’luk bir katkisinin oldugu soylenebilir. Deklaratif bilgi sorularinin
tanim bilgi dlizeyinin diisiik olmasiyla birlikte, matematik mantik bilgi ve basari
dizeylerinin de dusik olmasi; 6gretmen adaylarinin tanimlarin 6nerme
yapilarini yeterince bilmedigini gostermektedir. Bu durum 06gretmen
adaylarinin sorulari, tanimlarla iliskilendiremediklerini g&stermektedir. Bu
durum, 6gretmen adaylarinin sonuca giderken konunun bilimsel alt yapisindan
yoksun kalmalarina neden olmaktadir. Deklaratif bilgi sorularinda IS, ANS ve
NAPS skorlarinin olmamasi, 6gretmen adaylarinin, sorularin bilimsel alt
yapisinda; herhangi bir yanlis veya hata degil, bilgilerinin yeterince olmadigini
gostermektedir. Bu durumun iyilestirilebilmesi igin Oncelikle konularin
ogretiminde tanimlarin matematik mantik yapinin da 6gretim siireclerine dahil
edilmesi gerekliligine isaret etmektedir. iS, ANS ve NAPS bilgilerinin olmamasi;
tanimlarin, mantik yapilarinin 6gretim sireglerine dahil edilmesinde avantaj
saglayacagl anlamina gelebilir. Ogretmen adaylarinin tanim bilgilerinin,
prosedirlerinde, bu degiskenin bilgi dlizeyine gore daha iyi diizeyde olduklari



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

soylenebilir. Buradaki sorun; prosedurleri kullanarak, bittine ulasilamamasidir
yani 6gretmen adaylarinin “anlama” ile ilgili problemlerinin oldugu séylenebilir.
Bu durumun, bilginin alt birimlere ayrilmasinda bir probleme isaret etigi
soylenebilir. Bilgi alt birimlerine ayrilabilmis olsaydi, tanim bilgi dizeyiyle,
prosedirlerdeki basari dlizeyleri bir birine yakin degerlikli olmasi gerekirdi. Bu
arastirmada bu degiskenin bilgi diizeyinin 0.12 gibi olduk¢a disiik bir diizeyde
olmasi, alt birimler arasindaki semantik koordinasyondan bahsedilebilmesini
engellemektedir. Sorun 6gretmen adaylarinda var olan bilginin, ezber bilgisi
olmasindadir. Bu sonuca, NOA 1 ve NOA 2 basari diizeylerine bakilarak da
ulasilabilir. Bu degiskenin bilgi diizeyindeki problemlerin ¢6zlimine, bilginin
mantik yapisindan ve prosedirlerinden baslamakla birlikte Tablo 1’de verilen
ilk iki degiskenin APS degerlerinin de vyikseltiimesinden baslanabilir. Bu
degiskenlerin APS skorlarinin yikseltilmesinin, 6gretmen adaylarinin anlama
sorununun ¢dziimde 6nemli katkilari olabilir.

Ogretmen adaylarinin deklaratif bilgi sorularinin formiil bilgi diizeyi 0.27 diisiik
diizeyde olmakla birlikte, tanim bilgi diizeyine gore yuksektir. Formul bilgi
diizeyinin, tanim bilgi diizeyine gore yiksek olmasinin bir nedeni, 6gretmen
adaylarinin formil bilgi diizeylerinin, NOA 2 basari diizeylerine yakinsama
egiliminde oldugunu gostermektedir. Buradaki sorun, formil prosedirlerinin
konuyla iliskilendirilememesinde yatmaktadir. Deklaratif sorularla ilgili NOA 2
basari dizeyinin 0.59’dan, formdil bilgi diizeyinde 0.27'ye dismesi
prosedirlerin konu ile iliskilendirilemedigi olarak yorumlanabilecegi gibi
deklaratif bilginin tanimiyla iliskili olarak alt birimler arasinda semantik
koordinasyon kurulamadigi seklinde de yorumlanabilir. Bu ikinci yorum bize
sorunun farkli bir yéninin oldugu ve ¢6zim yolunun da sorunun bu farkli
yonlyle ¢ozilebilecegi umudu vermektedir. Bu farkl yon “semantik” ile ilgilidir.
Bazen sorunlara farkli acilardan bakmak ¢6zimi kolaylastirabilir. Forml bilgi
diizeyindeki sorunun ¢6zimdi, bilginin semantik yapisiyla ilgilidir. Zira bu
arastirmanin verilerinden NOA 2 basari diizeyinin, formdil bilgi diizeyine gore
yuksek olmasi sorunun/¢ézimin semantik yani ile ilgili olduguna isaret
etmektedir.

Deklaratif bilgi sorularinin islem bilgi dizeyi, 0.12’lik bir degerle bilgi dizeyleri
icinde en disuk duzeydir. Bu degiskendeki matematik mantik bilgi diizeyinin,
0.36 gibi en yiksek bilgi dizeyi olmasina karsilik, islem bilgi dizeyinin
(deklaratif bilgi); tanim ve formdl bilgi diizeylerinin olduk¢a gerisinde olmasi,
tanim ve formil degiskenlerinin bilgi diizeyindeki sorunlarin yansimasinin bir
sonucudur. Ogretmen adaylari bir bilgiyi; alt birimlerine ayiramiyor, alt birimler
arasinda semantik koordinasyon kuramiyorsa, dogal olarak kodu ¢ozmeleri
beklenmemelidir. Fakat deklaratif bilgi basari diizeylerinin, 0.45 yiiksek olmasi,
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O0gretmen adaylarinin basari diizeylerinin tesadifi bir sonucun degil olgciim
araglarinin bir sonucudur. Bilgi diizeyiyle, basari dlizeyi arasindaki orantinin
varligi belirli bir sayisal sonucun soruldugu 6lgme araclari ile aranmaldir.

NOA 1’de basari diizeyi, 0.42 diizeyindedir. Degiskenlerdeki bilgi diizeylerinin
analizinde de vurgulandigl gibi bilgi diizeylerinin, basari dlzeyini yeterince
destekledigi soylenemez. Bu sonuglar, yilmaz(2011), yilmaz(2012) ve
yilmaz&yal¢in(2012a, 2012b)’'in Newton’un hareket vyasalari icin yapmis
olduklari ¢alisma sonuclariyla benzer sonuglardir. Literatlrdeki bu
calismalarda, Ogretmen adaylarinin bilgi dizeylerinin, basari dlzeylerini
yansitmadigl sonuclarina ulasilmistir.  Bu arastirmanin ve literatlirdeki
yilmaz(2011), yilmaz(2012) ve vyilmaz&yal¢cin(2012a, 2012b)'in 6gretmen
adaylarinin bilgi duzeylerinin, basari diizeylerini yansitmadig sonuclari,
beklenmedik sonuclar degildir. Clinki egitim-6gretim sireclerinde; Ogretilen
bilgilerin mantik yapilari, islenmemekte ve konunun mantik yapisinin 6grenimi,
ogretmen adaylarinin kisisel cabalarina birakilmaktadir.
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Abstract

The present paper is focused on the effect of prospective science teachers’ knowledge
and achievement levels in mathematical logic on their declarative knowledge and
achievement levels in Newton’s laws of motion. In addition, it focuses on the effect of
their achievement level in procedures on their declarative knowledge and
achievement levels in Newton’s laws of motion. In the study, the procedures required
by the students for the subjects about declarative knowledge were measured through
two independent measurement tools. These are the QMT2 and QMT3 that measured
the procedures for formulas and the procedures for basic math respectively. It was
concluded that the students’ knowledge level does not support their achievement
level in a satisfactory way. Furthermore, it was discovered that their achievement level
in the procedures support their achievement level in the subjects in a limited way.
Their achievement level in the QMT2 was higher than their knowledge level in
formulas, which is related to the semantic aspect of the problem/solution.
Incorporating methods into education in a constant manner does not necessarily mean
that a decent kind of education will be achieved. Diversification of educational
processes is more likely to be useful than not to be useful. Educational processes
should also include semiotics so that students are enabled to make contributions to
the process by which they comprehend things. Semiotics is linked with the variable
“formula”. Learning semiotic structures of formulas will result in an increase in
students’ knowledge level in this variable.

Key Words: Declarative knowledge; mathematical logic; prospective science teachers’
knowledge levels, prospective science teachers’ achievement levels
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Introduction

The history of modern logic is included within the history of math or,
more generally, symbolic logic. Modern logic is also called “new logic”,
“mathematical logic” or “symbolic logic”. In fact, it is mathematicians who
founded the modern logic. The pioneer of this logic is George Boole. The ideas
presented by him are related to the algebraic expression of the laws of
thought. Not only Gottlob Frege but also Hermann Rudolf Lotze and Ernst
Schroder stated similar opinions to the “algebraic expression of the logic”, an
idea presented by Boole (Peckhaus, 1999).

Although logic and math started approaching each other with
Newton’s and Leibnitz’s differential calculus and integral calculus- it was Boole
and Frege who combined the two. Boole and Frege made attempts to provide
a final and clear from to what formal deduction is, which, in turn, resulted in
math and logic moving nearer to each other. Boole developed a symbolic
system for Aristotle’s rules of deduction. Even though Aristotle had articulated
his rules of deduction in a clear way, they were in natural language (verbally).
However, Boole attempted and managed to develop a symbolic system by
extending them beyond this kind of an expression. Frege, on the other hand,
improved on Boole’s “symbolic system for rules of deduction”, came up with
“predicate calculus (open-ended propositions)”, and laid the foundations for
mathematical logic (Ozenli, 1999, s: R1; Heijenoort, 1970, pp: 1-2; Corcoran,
2003). Currently, this calculus constitutes a sufficient part of the logical basis of
the whole math (Ozenli, 1999, pp: R1-R2). Mathematical logic is not a
formulated abstract logic, but it expresses the content through symbols in a
more definitive and decisive way than words do by Frege (Gozkan, 2008, p:
20).

Mathematical logic has a wide range of meanings, which can be
grouped into three stages. The first one refers to a language that includes
making deductions during the process of developing theories. The next one
refers to the foundations of math. The third one refers to algorithm theories
(Uspensky, 1992). These studies not only contribute to the development of
mathematical logic but also successfully prove to be areas in which it can be
applied and practiced.

There are two different opinions as to the selection of symbols for all
applications of mathematical logic. According to the first one, logical
formulations should be taken into account and mathematically defined within
a series of symbols. The second one stipulates that deducting new formulas
from previous ones should be mathematically defined. In these opinions,
symbol combinations are sentences; they allow for deductions in similar logical
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languages as well as writing computer software (McCarthy, 1988). A successful
use of mathematical logic should include propositions presented through
mathematical symbols. It is essential that these symbols be universal and can
be used for identifying other laws (Ledesma et al., 1997).

Scientific theory is an “interpreted axiomatic system”. It refers to the
entire body of logical terms such as =, V, <3, A, 3, etc., and theoretical and
observational terms from which all the concepts and theories required by a
scientific discipline could be derived through descriptions and deductions
(Ozenli, 1994, pp:35-38). Mathematical logic constitutes the logical structure of
science in an adequate manner (Ryall, 1958, p: 1; Gozkan, 2008, pp: 180-185;
Heijenoort, 1970, pp: 1-2).

Knowledge is divided into two types, namely procedural knowledge
and declarative knowledge. Most of our knowledge is procedural or declarative
(Dacin&Mitchell, 1986). Collective use of procedural and declarative
knowledge improves education (Willingham, Nissen&Bullemer, 1989).
Furthermore, types of procedural and declarative knowledge could have an
influence on creative thinking (Runco&Chand, 1995). Teaching science is a
scientific discipline that includes fundamental definitions of science, and
declarative knowledge could be produced through scientific methods (Good, at
all, 1985).

Declarative knowledge is suggestive or actual knowledge
(Sahdra&Thagard, 2003; Phillips&Carr, 1987). It is what we recognize and
explain. It is also called explicit knowledge (Anderson, 1995, p: 234).
Declarative knowledge is a type of knowledge that we are aware of and explain
in a clear way (Baumard, 1999, p: 62). Unlike procedural knowledge,
declarative knowledge is the actual knowledge (cited in Sahdra&Thagard,
2003). Declarative knowledge is divided into three sub-categories, namely
common, technologic and field of interest (Garzas&Piattini, 2007). Declarative
knowledge is a type of knowledge constructed by a partition of the data into
its sub-units, a semantic coordination between such sub-units, and an analysis
of the data code within the framework of possibilities through inductive and
deductive processes at a certain epistemological level within the semantic web
of scientific disciplines(Ozenli, 1999, A11). The logic of declarative knowledge is
based on that of mathematics (McCarthy, 1988; Nilsson&Fikes, 1970;
Bonner&Kifer, 1993).

The studies in the literature have reported that procedural and
declarative knowledge are closely intertwined and one could be derived from
the other (Li, at all, 1994; Berge&Hezewijk, 1999; Dacin&Mitchell, 1986;
Sahdra&Thagard, 2003; Willingham, Nissen&Bullemer, 1989; Thagard, 2005;
Hao, Li&Wenyin, 2007; Lawson, at all, 1991; Hanisch, Kramer&Hulin, 1991).



Sakarya Universitesi Egitim Fakiiltesi Dergisi, 23 (May1s 2012) 129

According to Anderson (1983, 1993), declarative knowledge is the basis of data
transfer. Declarative knowledge is used at various educational stages.
Declarative knowledge can be enhanced through various methods and
techniques. They can also contribute to the development of such methods and
techniques (Drummond, at all, 1998; Howe, at all, 2000; Kamouri, at all, 1986;
Johnson&Star, 2007; Kirkhart, 2001; Andre&Ding, 1991). A collective use of
procedural and declarative knowledge improves education (Willingham,
Nissen&Bullemer, 1989).

The purpose of this study is to investigate the effects of some of the
factors in the development of “declarative knowledge”, which constitutes an
important part of our knowledge, on the sample, and to focus on certain
solutions based on the findings. Another objective is to identify the effect of
procedures, which have an influence on and form the logical structure and part
of declarative knowledge, and of variables in knowledge on students’
knowledge and achievement levels; and to find ways to improve and develop
our declarative knowledge.

Materials and Methods

The present paper will study the students’ knowledge levels in two
different categories, namely declarative knowledge and mathematical logic
concerning Newton’s laws of motion and their knowledge and achievement
levels. The “Qualitative Measurement Tool 1(QMT1)” was developed in order
to measure their knowledge and achievement levels. The tool consisted of four
and six questions on declarative knowledge and mathematical logic knowledge
respectively. The findings obtained through the tool were analyzed in three
different ways, namely declarative knowledge, mathematical logic, and
declarative knowledge and mathematical logic together. They were presented
in Table 1. The ASS values in Table 1 represent the students’ achievement
levels. On the other hand, the APS values of the variables “definition”,
“formula” and “operation” are their knowledge levels.
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Table 1. Students, scores of variables of QMT1 and achievement levels

Points/
Variable

Given-Asked Free-Body Diagram Definition Formulas Operations Sum Of Variables

P 2,00 2,00 4,00 0,00 0,00 0,00 90,0 10,0 100, 58,00 0,00 5800 30,00 1970 2270 180,0 209,0 389,0

IS(s) 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,02 0,00 0,01 0,30 0,44 0,37 0,08 0,21 0,15

ANS(S) 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 -0,10 -0,14 -0,12 0,02 -0,05 -0,04

S5(8) 0,93 0,97 0,95 1,00 0,00 1,00 0,79 0,97 0,88 0,71 1,00 0,85 0,77 0,44 0,60 0,80 0,72 0,77

QMmT3 'S 082 082 0,82
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The knowledge level regarding the variable “definition” shows whether
scientific facts can be expressed verbally. Therefore, the achievement level
regarding the procedures measured through the “The Qualitative
Measurement Tool (the QMT2)” and “The Qualitative Measurement Tool 3
(the QMT3)” will be associated with the knowledge level in the variable
“definition”. The students’ knowledge level in the variable “definition” in the
QMT1 will be evaluated also in association with the IS, ANS, NAPS and SS
values of the variable. The knowledge level in the variable “formula” will be
evaluated on the basis of, firstly, the knowledge level concerning the formulas
in the questions included within the QMT1 on declarative knowledge, then of
the achievement level in the procedures measured through the QMT2 and
QMT3, and of the achievement level in mathematical logic. Afterwards, the
knowledge level regarding the formulas in the QMT1 will be evaluated in
association with the IS, ANS, NAPS and SS values of this variable. The
knowledge level in the variable “operation” will be evaluated on the basis of,
firstly, the knowledge level regarding the formulas in the questions included
within the QMT1 on declarative knowledge, then of the achievement level in
the procedures measured through the QMT2 and QMT3, and of the
achievement level in mathematical logic. Afterwards, the knowledge level
regarding the operations in the QMT1 will be evaluated in association with the
IS, ANS, NAPS and SS values of this variable.

The students’ achievement level will be assessed in association with
their achievement level in the questions included within the QMT1 on
declarative knowledge, the knowledge level concerning the variables in
achievement, the achievement levels in the procedures measured through the
QMT2 and QMT3, and the achievement levels in mathematical logic. The
achievement level in the QMT1 will be evaluated in association with the
knowledge level concerning the variables in achievement, and the
achievement levels in the QMT2 and QMT3.

The data for the study were collected through a qualitative application
during the educational year 2009-2010 from 1° grade prospective science
teachers who had taken the course “General Physics 1”7, in which Newton’s
laws of motion were taught. The study was based on the “holistic single-state
design”. The data were collected through three measurement tools. The first
one, the QMT1, consisted of ten semi-structured questions on the students’
declarative and mathematical logic knowledge. The questions on declarative
knowledge were based on comparisons about accelerated motion, spring
force, Newton’s laws, center of mass, centripetal force, gravitational force,
potential energy and Kepler's laws. Since mathematical logic includes
propositions made through mathematical symbols (Corcoran, 2003; Ledesma
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et al., 1997), the questions on mathematical logic were based on presenting
certain propositions that either included Newton’s laws or did not contrast
with them and on asking students to establish the connections among the
formulas for physics which were required for these propositions. These
questions were developed by the researcher. The questions on mathematical
logic knowledge included Kepler's laws, work-energy, linear momentum,
potential energy, force, kinetic energy, gravitational force, spring force, and
centripetal motion. The questions included within the measurement tool were
based on comparisons, and no statistical value was asked for. The second
measurement tool, the QMT2, tested whether students were familiar with the
formulas for physics which were required for solving the problems in the
QMT1. In other words, the QMT2 included the procedures for the QMT1. The
QMT2 was comprised of 36 semi-structured questions to measure whether
students had a clear idea about the procedures for the QMT1. Twenty-six of
these questions included the procedures for the questions included in the
QMT1 on declarative knowledge and were intended to test whether students
were familiar with them or not. These twenty-six questions also included the
procedures for the questions included in the QMT1 on mathematical logic. The
third measurement tool, the QMT3, contained 50 semi-structured questions to
measure the students’ basic knowledge about math, which was required for
the questions in the QMT1. 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 data for the study were collected during the spring term of the
educational year 2009-2010 from seven 1* grade prospective science teachers
who had taken the courses “General Physics 1” and “General Math 1”. Firstly,
the students were informed about the measurement tools. Afterwards, they
were presented with the QMT2, QMT3 and QMT1 respectively and asked to
solve the problems in the tools. The data were analyzed through a software
program developed for the Probability and Possibility Calculation Statistics for
Data Variables (VDOIHI); Statistical Methods for Combined Stage Percentage
Calculation (Yilmaz, 2011; Yilmaz&Yalgin, 2011).

The factors in the students’ achievement level were identified as a)
given-asked, b) free body diagram, c) definition, d) formula, and e) operation.
Their scores in these variables were taken into consideration in order to
determine the effect of the variables on the result of the QMT1 (ASS). The
effect of their mathematical logic knowledge on their declarative knowledge
about Newton’s laws of motion was determined with a consideration into the
fact that their scores in the variables might have an effect on the result (ASS).
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Results and Interpretation

The measurement tool that consisted of questions on declarative and
mathematical logic knowledge about Newton’s laws of motion yielded that the
students had an achievement level of 42%. Their achievement level in the
questions included within the measurement tool on declarative knowledge
was 45% whereas they had an achievement level of 39% in the questions on
mathematical logic knowledge. It was discovered that the students had an
achievement level of 57% and 82% in the QMT2 and QMT3 respectively. On
the other hand, their knowledge levels were 12%, 14% and 24% respectively.
Since their achievement levels are considerably higher than their knowledge
levels, the former does not represent the latter.

The effects of the variables measured through on the result “ASS” are
as follows (in Table 1):

It is thought that the students’ knowledge in the positive stages of the
variable “given-asked” has an effect of 5% 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 95% on the ASS value.

Since the students had no positive knowledge about the variable “free-
body diagram”, the ASS score was not affected by this variable.

It is thought that the students’ knowledge in the positive stages of the
variable “definition” 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 “formula” has an effect of 14% on the ASS value. Their unconnected
knowledge is thought to affect the ASS value negatively by 1%. Their negative
knowledge cannot affect the ASS value (0%). Their positive knowledge in the
negative stages cannot affect the ASS value (0%).1t is thought that zero score
has an effect of 85% on the ASS value.

It is thought that the students’ knowledge in the positive stages of the
variable “operation” has an effect of 24% on the ASS value. Their unconnected
knowledge is thought to affect the ASS value negatively by 37%. Their negative
knowledge is thought to affect the ASS value negatively by 12%. 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 60% on the ASS value.
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The collective effects of the four variables of the questions in the
QMT1 on the result are as follows: Their knowledge in the positive stages has
an effect of 15% 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 4%. Their positive knowledge in the negative
stages might have an influence of 1% on the ASS value. It is thought that zero
score has an effect of 77% on the ASS value. Their knowledge about the QMT2
is thought to have an effect of 57% on the ASS value whereas their knowledge
about the QMT3 is believed to have an effect of 82% on the ASS value.

Discussion and Implications

The student had a knowledge level of 0.21 in the variable “definition”
concerning the four questions on declarative knowledge in the QMT1. Their
knowledge level in the definitions was not provided with much contribution by
their mathematical logic knowledge concerning the definitions (0.03).
Furthermore, it can be argued that their achievement level in mathematical
logic (0.39) made little contribution to their knowledge level in the definitions.
The reason why their knowledge level in the definitions concerning the
guestions on declarative knowledge was low is that they had low knowledge
and achievement levels in mathematical logic, which suggests that the
students do not have sufficient knowledge about the structure of the
propositions included within the definitions. In turn, they could not associate
the questions with the correct definitions, which led them to lack the scientific
background knowledge that they needed in order to come up with a
conclusion. The students did not have any IS, ANS or NAPS scores regarding the
questions on declarative knowledge, which suggests that they do not have any
misconceptions about the scientific background knowledge required for the
questions, but they simply do not have enough of it. Their knowledge and
achievement levels in mathematical logic indicate that they are not good at
association. In order to improve their levels, it is suggested that mathematical
logic should be incorporated into to the educational process. The fact that they
did not have any IS, ANS or NAPS scores is an advantage that the students will
enjoy when mathematical logic is incorporated into the educational process.
Learning logical structures of definitions could increase the students’
knowledge level in questions on their declarative knowledge and mathematical
logic knowledge, which was 0.12, in parallel with the content of the teaching
process. The contributions of the QMT2 and QMT3 to their knowledge level in
definitions were 0.57 and 0.82 respectively. It can be argued that the students
are more advanced in the procedures for knowledge about the definitions than
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their knowledge level in the variable “definition”. The problem is that they
cannot move from parts to whole; in other words, they have problems with
“comprehension”. It can also be concluded that they have problems with
separating knowledge into its sub-units. If they had been able to separate
knowledge into its sub-units, their knowledge level in definition would have
been closer to their achievement level in procedures. This indicates that the
students have problems with the very first stage of declarative knowledge. The
priority should be given to overcoming this problem rather than seeking for
other solutions to other problems related to the students’ knowledge about
definitions. Once the problem has been coped with, studies should be
conducted on methods of establishing a semantic coordination between the
sub-units and encoding knowledge. The students’ low knowledge level in the
guestions on their declarative knowledge and mathematical logic knowledge
(0.12) means that they could not have established a semantic coordination
between the sub-units. The problem is that the students’ knowledge is based
on memorization, which can be concluded from their achievement levels in the
QMT1 and QMT2. In order to improve their knowledge levels in this variable, it
is necessary to increase the APS values of the first two variables in Table 1 as
well as providing solutions related to the logical structure of knowledge and
procedures. An increase in the APS values of these two variables could lead to
a corresponding contribution to overcoming the problem with comprehension.

The students had a low knowledge level in the variable
“formula”(0.27), although it was higher than the one in the variable
“definition”. The discrepancy in the knowledge level between these two
variables suggests that the students’ knowledge level in the variable “formula”
tends to converge with their achievement level in the QMT2. The problem lies
in the fact that the procedures for formulas could not be associated with the
subjects. One can conclude this from the fact that the students’ knowledge
level in the formulas (0.27) was lower than their achievement level in the
QMT2 (0.59). There might be two reasons for this discrepancy. Firstly, the
students might not have associated the procedures with the subjects. The
second potential reason is that they might not have been able to establish a
semantic coordination between the sub-units. The second point of view
suggests that there is another aspect of the problem and makes one hope that
a different solution can be developed for it. This “another aspect” is related to
“semantics”. Taking a different approach to problems sometimes facilitate
solutions. The solution to the problem with the students’ knowledge level in
the variable “formula” is related to the semantic structure of knowledge. The
reason for this is that their achievement level in the QMT2 was higher than
their knowledge level in the formulas, which is related to the semantic aspect
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of the problem-solution. Incorporating methods into education in a constant
manner does not necessarily mean that a decent kind of education will be
achieved. Diversification of educational processes is more likely to be useful
than not to be useful. Educational processes should also include semiotics so
that students are enabled to make contributions to the process by which they
comprehend things. Semiotics should be associated with the variable
“formula” throughout the teaching processes. Such an association could
enable knowledge and achievement levels to converge with each other.
Moreover, it is likely to increase these levels. The fact that the IS, ANS and
NAPS values of this variable are almost zero supports the idea that semiotics
should be incorporated into educational processes.

The students had a knowledge level of 0.12 in the variable “operation”,
the lowest score of all the variables. In the variable, their knowledge level
proved to be considerably lower than their knowledge levels in the variables
“definition” and “formula” although they had the highest mathematical logic
knowledge, which is, in fact, a result of the problems students had in the
variables “definition” and “formula”. Unless students are able to separate a
piece of knowledge into its sub-units and establish a semantic coordination
between these sub-units, it is quite natural that they will not be able to encode
knowledge. On the other hand, the students’ achievement level (0.45) was
higher than their knowledge levels in all the variables, which is not a
coincidence but a result of the measurement tools employed throughout the
study. A potential existence of a connection between their knowledge levels
and achievement levels should be studied through other measurement tools
that include questions that require students to come up with certain statistical
values. In the study, knowledge and achievement levels were quite different
from each other, which suggests that, apart from validity and reliability studies
on measurement tools, these two levels should be considered as different
qualities that need to be measured. An attempt should be made to make
future measurements yield similar knowledge and achievement levels. The
reason for this is that the students’ achievement levels are not supported by
either their knowledge levels or their achievement levels in the logical
structure and procedures.

The students had an achievement level of 0.42 in the QMT1. As already
emphasized during the analysis of their knowledge levels in the variables, it
cannot be argued that their knowledge levels support their achievement levels
in a satisfactory way, 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. These results are not surprising, since
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the logical structures of knowledge are not included in the educational-
instructional process, and students can only learn the logical structure of a
subject through their own personal efforts. Learning individuals cannot be
expected to comprehend concepts without an awareness of the logical
structure on which the knowledge is based.. Unlike their knowledge levels,
their achievement level (0.57) in the QMT2, in which procedures for formulas
were measured, was higher than their achievement level in the QMT1. Their
achievement level in the former can be said to support their achievement level
in the latter. Even so, the achievement level the students had in the
procedures included within the QMT2 could not be observed in the QMT1,
which suggests that the students have problems with carrying out operations
through their memorized knowledge. Potential solutions to this problem have
been discussed in the section on the students’ knowledge levels in the
variables. Finally, the students had an achievement level of 0.82 in the QMT3,
an important finding in that it presents the boundaries of their memorized
knowledge. In the light of the findings of the present study, it can be argued
that their achievement level in the procedures (memorization) support their
achievement level in the subjects only in a limited way.
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