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Defining Operational Equivalent of Classic and Combination-Information
Mental Function of Prospective Science Teacher Knowledge of Electricity
Procedural Knowledge Subject by Comparing Theoretical and Experimental

Data
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Fen bilgisi 6gretmen adaylarinin elektrigin prosedirel bilgi konularinda
klasik ve kombinasyon-enformasyon akilsal fonksiyon islem karsiliklarinin
teorik ve deneysel olarak belirlenmesi

ismail YILMAZ*

Abstract. By comparing theoretical and experimental data, we aim to improve the
learning and mental functions of prospective science teachers. Accordingly, mental
function operations are defined by a qualitative study to ensure the establishment of
a "bijective mental” level. Combination-information (Cl)-level intervals of mental
function operations are determined by knowledge and success. These are defined by
the relation between the procedural knowledge in the cognitive domains of solutions
and possible cases of data (questions) through an assessment tool. This tool includes
open-ended questions for assessing the procedural knowledge of electricity of
prospective science teachers. By employing these level intervals and comparing the
obtained Cl knowledge and success levels through problem-solving, the Cl mental
function operation equivalencies of prospective-teacher knowledge levels of
electricity are established. To determine the equivalencies of classic mental function
operations, an equal level interval is used. By comparing classic knowledge and
success levels with these interval values, classic mental function operation
equivalencies are determined. Using these equivalencies, learning and mental
functions are improved. Based on the results, we provide suggestions on maintaining
bijective mental levels.

Keywords: Bijective mind, mental function operation, procedural knowledge, mental
function

Oz. Fen bilgisi 6gretmen adaylarinin 6grenme ve akilsal fonksiyonlarinin gelistirilerek
bijektif akil seviyesinin saglanabilmesi i¢in 6gretmen adaylarinin akilsal fonksiyon
islemleri nitel durum calismasiyla, teorik ve deneysel datalarin karsilastiriimasiyla
belirlenmistir. Veriler 6gretmen adaylarindan elektrigin prosedirel bilgi konularinda
aclk uglu sorularla hazirlanan 6lgme aracinin problem ¢6zim teknikleriyle
¢6zumlerinden toplanmistir. Toplanan verilerden 6gretmen adaylarinin prosedirel
bilgileri arasinda kurabildikleri iliskilerle belirlenen bilgi ve basari dizeyleriyle, akilsal
fonksiyon islemlerinin kombinasyon-enformasyon duzeyleri belirlenmistir. Bu
duzeylerle, problem ¢6zimlerinden elde edilen kombinasyon-enformasyon bilgi
dizeyi ve basari dizeylerinin karsilastirilmalariyla 6gretmen adaylarinin elektrigin
prosedurel bilgi konularinda kombinasyon-enformasyon akilsal fonksiyon islem
karsiliklari belirlenmistir. Klasik akilsal fonksiyon islem karsiliklarinin belirlenmesinde
esit duzey aralg kullanilmistir.  Klasik bilgi ve basari duzeylerinin bu aralik
degerleriyle karsilastiriimasindan, klasik akilsal fonksiyon islem karsiliklari
belirlenmistir. Belirlenen islem karsiliklariyla, 6grenme ve akilsal fonksiyonlarin
gelistirilerek bijekif akil seviyesinin saglanabilmesi icin dneriler gelistirilmistir.
Anahtar Kelimeler: Bijektif akil, akilsal fonksiyon islemleri, prosedirel bilgi, akilsal
fonksiyonlar.
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1. INTRODUCTION

Learning is related to cognitive function and can be improved through mental function operations.
Use of mental function operations in learning processes can improve mental functions. Scientific
knowledge can be expressed as procedural knowledge, which is the starting point of
understanding. To improve learning by applying mental function operations to procedural
knowledge, learner mental function operations should be determined and application procedures
should be improved. Effective use of mental functions in learning requires applicable definitions.
Various fields in psychology strive to explain mental functions in units, such as sense, cognition,
and perception, according to mental approaches. However, in the context of terms that are used to
explain mind organization, mental functions do not align with the literature (e.g., Lindquist &
Barrett, 2012). Subsidiary mental functions are stated to support effective and cognitive
understanding and improvement of attention (Borrachero et al., 2014; Desbordes et al., 2012).
However, mental function operations require greater substantiation to be used to improve
individuals' procedural knowledge, mental understanding, attention, mental models, and so on
within education and teaching processes.
The human mind is the arena of conscious thoughts and mental activities. According to the human
reference system, the capacity of the mind is complete and eternal. Being “intelligent” requires
understanding. Understanding requires consciousness. Both intelligence and understanding are
non-algorithmic. The “genetic mind” is the same in all individuals as a potential talent; that is, all
individuals are equal in terms of having a genetic mind (except those with genetic disorders).
Mental functions are not genetic but are rather epigeneticc and they are acquired within the
development process. Individuals are separated from one another in terms of mental functions and
their quality. Mental functions separate not only the individual from others but also the individual
from himself/herself within the process. It is the individual's duty to improve, shape, and upgrade
this genetically existing mental talent. As a control process in the development of mental talent,
education is responsible for the maximization (through control theories) of functional behaviors,
the quality of the production, and the rate of output (Ozenli, 1999, pp: R39-T3).
In the development of mental functions, the related operations should be well defined for
maximizing the functional behavior, production quality, and output rate. In addition, techniques
should exist that apply these definitions. Such a technique could be effectively initiated by using
the smallest significant parts (akp) and Pos (akp) of the VDOIHI statistical method (see e.g., Yilmaz,
2011; Yilmaz & Yalcin, 2011; Yilmaz, 2017).
In this paper, we conduct a statistical comparison of theoretical data akp and individual knowledge
(experimental data). From the results, mental function operation equivalencies of prospective
science teachers' problem-solving techniques—included in procedural knowledge types—is
defined to improve their mental functions and learning. With these defined equivalencies,
procedures are recommended for developing, shaping, and upgrading the capacity of the mind.
1.1 Theory
1.1.1 Mental function operations
The logical bases of cognitive functions are called mental functions. These comprise the
operational concepts of intelligence or cognitive functions. In teaching and learning, mental
functions can be improved by mental function operations, which are summarized as follows from
Ozenli's study (1999):

e Essential Principle: Primordial Obscurity (inability of the mind to reach the actual truth (GG))

e Axiomatized Individual Knowledge Sets: Knowledge Set A, Knowledge Set B,...(in finite numbers;

this number can be increased as much as possible)
e Structure of Knowledge Set: Set A = (“What we understand” in A) U (“What we do not understand”
inA)

e Kernel of the Set (=Ker Set): This principle set is the “subset of what we understand”)

e  Complement of the Set: (Set) - (Ker Set)

e Data Analysis: a) Effective Mind; b) Non-Effective Mind
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A)  Effective Mind
e A1) Quadratic Injective Mind (Quadratic Reliable Mind): The mind that projects an
incoming data mind spectrum onto knowledge set kernels one by one and correlates other
related Ker sets
e A2) First Order Injective Mind: The mind that manages to partially cover one to one
e A3) Surjective Mind: The mind that manages to fully cover
e A4) Functor Mind: The mind that easily works by projecting both Individual Knowledge Sets
and Possibility Space on the axis of projection
B) Non-Effective Mind: The mind that works only by projecting an Individual Knowledge Set on the
Complement of Set
C) Description of the Intelligent: Having a Bijective Mind (= Injective Mind + Surjective mind) (pp:
R39-T3)
1.1.1.1 Determining mental function operations
Mental function operations can be determined by the procedural knowledge type that forms at the
start of understanding. This can take place for the subject of electricity, which is a fine application
field of science. Mental function operations can be determined by comparing theoretical and
experimental data by using the VDOIHI statistical technique developed by Yilmaz (2011). This
technique is based on performing statistical operations by separating theoretical and experimental
data into the respective akp (e.g., Yilmaz, 2012, 2014; Yilmaz & Yalgin, 2011, 2012a, 2012b, 2012c,
2012d). Mental function operations can be determined by two different statistical calculations:
classic and combination-information (Cl).
1.1.2 Classic-level calculations of mental function operations
In determining the theoretical and experimental data of mental function operations by
comparisons in classic calculations, experimental or theoretical admissions can be performed. As
given in this paper, five mental function operations can be defined by equal-level intervals by
theoretical acceptance. In this case, mental function operation equivalencies of the given levels can
be calculated by accepting 0 < B <0.20, 0.20 <A1<040, 0.40<A2<0.60, 0.60<A3<0.80 and
0.80 < A4 <1.00 level values as the beginning point. With the help of the following studies, these
intervals can be optimized. In determining mental function operations through classic methods,
the evaluation tools and professionalism of the evaluator become more important than identifying
the objective operations.
1.1.3 Combination-information-level calculations of mental function operations
Mental-function operations can be determined by Cl-level calculations through the ratio of sample
space, which defines the projection and coverage (akp of experimental data) for the number of
samples (akp of theoretical data). Projection and coverage can be defined by setting a relation
between the procedural knowledge state in the structure of the individual's cognitive domain and
the possible cases of data. The correlated state can be defined as 1) a projection if it exists in the
sample only once, 2) partial coverage if it exists in the sample more than once, 3) full coverage if a
maximum state exists, 4) unprojected if there is no state existing, or 5) a total sample space, which
can be defined as a projection depending on the states of the case and possibility space. Samples
represent mental function operations. Samples that include a correlated true case only once
represent A1 mental function operations. Except for samples that include maximum true cases,
samples that include more than one true case represent A2 mental functional operations. Samples
that are formed by maximum true cases represent A3 mental function operations. A sample set
represents an A4 mental function operation. Samples that do not include true cases represent B
mental function operations.
The level of mental function operations represented by the sample is calculated through the ratio
of samples (Cl values) to the number of samples. When Pos(m) = 2, as a sample set, along with A3,
is represented by mental function operations, only A4 cannot be determined. In the case of Pos(m)
= 2, A4 can be determined by a second calculation. Mental function operation equivalences of
experimental data can be determined by comparing experimental levels to Cl-level calculations

Cilt / Volume : 8 + Sayi / Issue : 1 » Nisan / Aralik 2018 158



Defining Operational Equivalent of Classic and Combination-Information Mental Function of Prospective...
4

that are obtained by the ratio of sample spaces to the number of samples. The number of mental
function operation samples is determined by the number of events that should take place in the
experimental data. Therefore, mental function operations are determined that are particular to the
event and experiment.

2. METHODOLOGY

This is a qualitative study. The data of this study was collected from prospective science teachers.
The data was collected after the electricity topics were taught to prospective science teachers. In
addition, prospective science teachers were informed about procedural knowledge. Included in the
study were 44 prospective science teachers, who were asked 11 open-ended procedural
knowledge questions. Measurement tool was applied the following week after the electrical
teaching. Data were collected based on the solutions they reached by using problem-solving
techniques. The prospective science teachers knew how to solve a problem by using problem-
solving techniques. Solving a problem through the given-asked, free-body diagram (SCD), definition
(scientific theoretical definition), the formula and operation variables is called a problem-solving
technique. These variables are the independent variables of the study. Knowledge and knowledge
levels will be defined by these independent variables. Success and success levels will be defined by
dependent variables. The result obtained by problem-solving is the dependent variable. The
success and success levels will be defined by these dependent variables. Classical, combination
and information theories will be used in definitions. The VDOIHI technique is used in scoring the
variables (Yilmaz, 2011). This is a probability and possibility technique. The data are digitized so
that this technique can be used. Two possibilities are used in digitization. The data are theoretical
and experimental. Theoretical and experimental data are digitized and compared with VDOIHI
technique. In scoring data and classical calculations, the VDOIHI combined staging technique,
which is developed for 2-possibility circumstances, will be used in Yilmaz, 2017 (Yilmaz, 2011;
Yilmaz & Yalgin, 2011). The operations are performed with positive scores and the two cases of
Pos(akp). The total score of independent variables is the knowledge score, and the score calculated
through the ratio of knowledge scores is the knowledge level. The result is called the dependent
variable, which is scored in a way similar to the independent variables. The total score of the result
is the success score, while the score calculated through the ratios of success scores is the success
level.

In calculating the levels of the VDOIHi-combined stage, classic theories (Yilmaz, 2011; Yilmaz &
Yalcin, 2011) and CI theories are used. With the knowledge and success scores, the Cl-level
intervals of the mental function operations in this study are determined. In determining the classic
calculations of mental function operations, theoretical equal-level intervals are used (0 < B <0.20,
0.20<A1<0.40,0.40<A2<0.60, 0.60<A3<0.80 versus 0.80 <AT <1.00). In determining the Cl-
level intervals of mental function operations, we use the knowledge score that should be (BGS),
which is given in Table 1 in Yilmaz, 2017, and the success score that should be (CB), which is given
in Table 2. Two fractional stages (.00) are obtained from the calculated levels. If the fractional
stages are more than two, then they are mathematically rounded up. As a result, to create an
interval, one or two are added to or subtracted from these two-stage levels if no interval emerges
on account of this rounding up. This operation creates a maximum 2% error. By comparing the
mental function operation level intervals of knowledge and success (given in Yilmaz, 2017, Table 3)
to the knowledge and success scores (knowledge scores are given in Yilmaz, 2017, Table 1; success
scores are given in Table 2) individual mental function operations of the prospective science
teachers that participated in the study are determined.
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3. RESULTS

Experimental Cl knowledge level intervals of mental function operations that are calculated
through knowledge scores that should be (BGS) given in Yilmaz, 2017, Table 1 are given in Table 1.
After rounding up the two stages after the commas of some values, some knowledge level intervals
did not emerge. Therefore, 0.01 or 0.02 were added to or subtracted from the values shown as + in
Table 1 to create knowledge-level intervals. This created a 1% or 2% error. To determine the
mental function operation equivalencies of classic knowledge levels of prospective science
teachers, equal-level intervals are used. Moreover, to determine the mental function operation
equivalencies of Cl knowledge levels, the experimental level intervals given in Table 1 are used.
Table 1. Cl Knowledge Level Intervals of Mental Function Operations Calculated by BGS Scores (+

denotes that the result was obtained through an addition to the last stage of the numerical value; _
denotes that the result was obtained by subtracting from the last stage of the numerical value)

Level/ Given- Free_Body L X Variables of
. . Definition Formulas  Operations

Variable Asked Diagram Average
©
= BGS 11 6 18 6 20 12
G
O

low level 0.00 0.00 0.00 0.00 0.00 0.00

<B<
high level
0.01* 0.02 0.01* 0.02 0.01* 0.01*

=z low level 0.01 0.02 0.01 0.02 0.01 0.01
c <Al <
3
c high level
5 0.02* 0.11 0.02*2 0.1 0.02"2 0.02*2
g
& low level 0.02 0.11 0.02 0.1 0.02 0.02
® <A2<
% high level
g 0.97 0.88 0.97 0.88 0.97 0.97
c
e
é low level 0.97 0.88 0.97 0.88 0.97 0.97
5 <A3 <
i< high level
z 0.99 0.98 0.99 0.98 0.99 0.99
'% low level 0.99 0.98 0.99 0.98 0.99 0.99
c <A4<
= high level
g 1 1 1 1 1
@)

Table 2 presents the experimental Cl success level intervals of mental function operations that are
calculated by success scores that should be (CB), which are given in Yilmaz, 2017, Table 2. After
mathematically rounding up the numbers, the two success level intervals did not emerge.
Therefore, the values shown with the + in Table 2 were added to 0.01 to create the knowledge-level
intervals. This created a 1% error. To determine the mental function operation equivalencies of
classic success levels of prospective science teachers, equal-level intervals are used. In determining
mental function operation equivalencies of Cl success levels, the experimental level intervals given
in Table 2 are used.
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Table 2. Cl Success Level Intervals of Experimental Mental Function Operations Calculated by CB Scores
(+ denotes that the result was obtained through addition to the last stage of the numerical value; _
denotes that the result was obtained by subtracting from the last stage of the numerical value)

Level/ Success Level
Variable
CB 11

Classical

low level < B < high level 0.00
0.01*

low level < A1 < high level 0.01
0.02*

low level < A2 < high level 0.02
0.97

low level < A3 < high level 0.97
0.99
low level < A4 < high level 0.99
1
Mental function operations are obtained by comparing classic equal-level intervals of mental
function operations to the Cl knowledge and success levels of mental function operations given in
Tables 1 and 2. Prospective science teachers' knowledge and success levels obtained through
experimental data are compared to the values given in Yilmaz, 2017, Table 3. The determined
operations are given in Table 3.
Table 3. Classic and Cl Mental Function Operation Equivalencies of Prospective Science Teachers
(APS = knowledge level; ASS = success level)

Through the above analysis, a maximum 2% of error occurred on account of the regulations in the

Level/ Given-  Free-Body Variables of
Variable Asked  Diagram Definition Formulas  Operations  Average

o APS B Al Al Al A1l Al

0

[%]

©

Y ASS A2

. APSKE A2 A2 A2 A2 A2 A2

c c

2 o

A=

S AsSKE A2

0O «

E &

o C

S E

Cl-level intervals of mental functions given in Tables 1 and 2. These caused no errors in
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determining mental functions because the related values given in Yilmaz, 2017, Table 3 did not
occur in the intervals that emerged on account of the regulations in Tables 3 (Yilmaz, 2017) and 1.
If the related values of Table 3 (Yilmaz, 2017) had occurred in the intervals that emerged on
account of the regulations, they would have caused a discrepancy in the equivalencies of mental
function operations. No errors occurred in determining the mental function operations because
the related values of Table 3 (Yilmaz, 2017) did not occur in these intervals.

The classic knowledge levels of the participants in the study showed that they could only project
incoming data flux spectra in the given-asked variables onto the components of the individual
knowledge set. The average knowledge level of the other four variables and that of the five
variables in the one-to-one projected the incoming data flux spectra onto the principal knowledge
set kernel. These results can be correlated to other related Ker sets. The classic and Cl success
levels show that they managed one-to-one projected by partially addressing the asked-knowledge
data spectrum. The classic results prove that, in determining the individual mental functions of
prospective science teachers, the success levels are better than knowledge levels; i.e., those who
use their minds are more success-oriented.

Based on Cl knowledge and success levels, the prospective science teachers can manage to
partially cover one-to-one incoming data or the asked data spectra. The fact that they can perform
the same mental function operations for both dependent and independent variables (a first-order
injective mind) shows that their success levels and knowledge levels are related.

4. DISCUSSIONS AND SUGGESTIONS

Both learning and mental functions of prospective science teachers can be improved in the field of
electricity, which serves as a good example of scientific knowledge. Learning relates to the mind;
moreover, within educational and teaching processes, mental functions can be consciously
improved and controlled through mental function operations. The capacity of the mind is complete
and adequate according to the human reference system. Therefore, the differentiation of one
individual from another in the process of improving, shaping, and upgrading the capacity of the
mind in education and teaching processes can be assured by real, applicable knowledge
procedures that are developed by strong and correct proofs. Intelligence requires understanding
and understanding requires a transition from procedural knowledge to declarative knowledge.
Therefore, use of an inductive approach to improving applicable knowledge procedures should
begin from procedural knowledge.

A problem-solving technique to improve procedural knowledge and understanding processes is
based on strong, true proofs. According to the results herein, prospective science teachers know
how to maximize one-to-one projected to partially cover their knowledge and success in data and
cognitive domains. They are expected to provide one-to-one full cover of intelligence at a bijective
mind level. The knowledge levels of prospective science teachers can be a good starting point for
upgrading them to a bijective mind level. This is because success levels and permanent success
levels relate to knowledge levels. Classic results show that to reach the surjective mind level by
increasing the knowledge level, the beginning point should be the given-asked variable.

The fact that these individuals can provide one-to-one partial coverage in mental function
operations separates prospective science teachers from one another and from themselves within
the process. However, this separation is not sufficient. To ensure a subjective mind level, the
following conditions should be met. 1) First of all, noteworthy, characteristic procedural knowledge
should exist for the structure of the cognitive domain. 2) This knowledge should be separated into
its cognitive modules, and possible cases of each cognitive module should be determined. 3)
Variables of late-in coming or perceived data should be separated into their cognitive modules,
and possible cases should be determined. 4) Then, possible cases of cognitive modules of
knowledge existing in the cognitive domain structure should provide one-to-one coverage of the
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possible causes of cognitive modules of incoming or perceived data. 5) Set kernels should be
created by the possible causes of cognitive modules associated with one-to-one coverage. 6) By
associating elements of the set kernel and set component elements, partial coverage should be
provided. 7) Finally, by determining the relation between set kernel elements and set complement
elements, accurate decision making should be assured and complete coverage should be achieved
between accurate decisions and set kernel elements (surjective mind). Therefore, by improving
mental functions, three mind levels can be achieved; accordingly, the bijective mind—intelligence—
can be formed.

To ensure complete one-to-one coverage by separating variables into their cognitive modules and
possible cases, semiotic knowledge model, mental models, and others can be used. On the other
hand, with mental function operations existing between cognitive modules and possible cases, the
way that transitions between different levels may be possible can be defined, and applications of
these models can be enhanced. For instance, Keselman's (2003) suggestion of explaining the
nature of (mental) model transitions can be presented as follows: Separate the variables into their
cognitive modules and possible cases. Then, with mental models, first ensure one-to-one coverage,
then ensure partial coverage, and, finally, ensure full coverage between procedural knowledge that
exists in the cognitive domain structure and cognitive module and possible cases of the data.
Accordingly, that suggestion can likewise be made for this present study. Wang and Barrow's
(2011) definitions of thinking skills through a mental model of university students as being low,
average, and high in the subject area of chemistry can be expanded into the five mental function
operations given in this paper. Furthermore, semeiotic knowledge models can be developed that
facilitate learning through knowledge success levels or mental function operations.

The conclusions supporting the classical results of this research have also been reached in the
subjects related to the magnetism of Yilmaz (2016a, 2016b) prospective science teachers. In these
studies, the APS and ASS values of the variables that are collected from the prospective science
teachers by the case study are similar. These similarities show that prospective science teachers
are in similar mental functioning. The results of this study and the results of Autor's work show
that the mental functions of prospective science teachers should be raised. Teaching programs
that develop these mental functions can be applied, taking into account the mental functions of
the prospective science teachers.

References

Borrachero, A. B., Brigido, M., Mellado, L., Costillo, E., & Mellado, V. (2014). Emotions in Prospective
Secondary Teachers When Teaching Science Content, Distinguishing by Gender. Research in
Science & Technological Education, 32(2), 182-215.
http://dx.doi.org/10.1080/02635143.2014.909800

Desbordes, G., Negi, L.T., Pace, T. W. W., Wallace, B. A,, Raison, C. L., & Schwartz, E. L. (2012). Effects
of Mindful-Attention and Compassion Meditation Training on Amygdala Response to Emotional
Stimuli in an Ordinary, Non-Meditative State. Frontiers in Human Neuroscience, 6, 1-15.
http://dx.doi.org/10.3389/fnhum.2012.00292

Keselman, A. (2003). Supporting Inquiry Learning by Promoting Normative Understanding of
Multivariable Causality. Journal of Research in Science Teaching, 40(9), 898-921.
http://dx.doi.org/10.1002/tea.10115

Lindquist, K. A., & Barrett, L. F. (2012). A Functional Architecture of The Human Brain: Emerging
Insights From The Science of Emotion. Trends in Cognitive Sciences, 16(11), 533-540.
http://dx.doi.org/10.1016/j.tics.2012.09.005

Ozenli, S. (1999). ilmi sohbetler [scientific discussions]. Adana, Turkey, Karakuslar Otomotiv Tic. ve
San. Ltd. Sti. pp: R39-T3.

163 Sakarya University Journal of Education


http://dx.doi.org/10.1080/02635143.2014.909800
http://dx.doi.org/10.3389/fnhum.2012.00292
http://dx.doi.org/10.1002/tea.10115
http://dx.doi.org/10.1016/j.tics.2012.09.005

ismail YILMAZ
. |

Wang, C.Y., & Barrow, L.H. (2011). Characteristics and Levels of Sophistication: An Analysis of
Chemistry Students’ Ability to Think With Mental Models. Research in Science Education, 41(4),
561-586. http://dx.doi.org/10.1007/s11165-010-9180-7

Yilmaz, I., & Yalcin, N. (2011). Probability and Possibility Calculation Statistics for Data Variables
(VDOIHI); Statistical Methods for Combined Stage Percentage Calculation. International Online
Journal of Educational Sciences, 3(3), 957-979.

Yilmaz, I. (2011). Fen Bilgisi Ogretmen Adaylarinin Newton'un Hareket Yasalarini Ogrenmelerinde Kurall
Bilgiden Aciklayici Bilgiye Gegiste Karsilastiklari Problemlerin incelenmesi (Yayinlanmamis Doktora
Tezi). Gazi Universitesi, Egitim Bilimleri Enstitist, Ankara, 414012.

Yilmaz, 1. (2012). A study on prospective science teachers' knowledge and achievement levels in
mathematical logic in electricity-related subjects. Journal of International Education Research,
8(4), 415-424.

Yilmaz, i., & Yalcin, N. (2012a). The relationship of procedural and declarative knowledge of science
teacher candidates in newton’s laws of motion to understanding. American International Journal
of Contemporary Research, 2(3), 50-56.

Yilmaz, ., & Yalcin, N. (2012b). Mathematical logic knowledge of science teacher candidates in
newton'’s laws of motion. International Journal of Applied, 2(3), 99-105.

Yilmaz, i., & Yalgin, N. (2012c). Prospective science teachers’ procedural knowledge about and
knowledge control in newton’s laws of motion. Sakarya Universitesi Egitim Fakiiltesi Dergisi
(SUJEF), 23, 74-99.

Yilmaz, i., & Yalcin, N. (2012d). The effect of prospective science teachers’ achievement levels in
procedures and mathematical logic knowledge on their declarative knowledge about Newton's
Laws of Motion. Sakarya Universitesi Egitim Fakdiltesi Dergisi (SUJEF), 23, 121-140.

Yilmaz, 1. (2014). Identification of prospective science teachers' mathematical-logical structures in
reference to magnetism. Journal of International Education Research, 10(2), 121-130.

Yilmaz, i. (2016a). The use of problem-solving techniques to develop semiotic declarative
knowledge models about magnetism and their role in learning for prospective science teachers.
International Journal of Educational Administration and Policy Studies, 8(8), 97-109.

Yilmaz, . (2016b). The use of problem-solving techniques to develop semiotic procedural
knowledge models about magnetism and their role in learning for prospective science teachers.
Ihlara Egitim Arastirmalari Dergisi, 1(1), 75-96.

Yilmaz, i. (2017). Relationship of the cognitive functions of prospective science teachers and their
knowledge, knowledge levels, success and success levels. International Journal of Educational
Administration and Policy Studies, 9(4), 56-67.

Cilt / Volume : 8 + Sayi / Issue : 1 » Nisan / Aralik 2018 164


http://dx.doi.org/10.1007/s11165-010-9180-7

