Ilhlara Egitim Arastirmalan Dergisi

IHEAD

Ihlara Journal of Educational Research

Research Article
Received: January 19, 2016 - Revision received: March 24, 2016
Accepted: May 30, 2016 - Publised: June 30, 2016

THE USE OF PROBLEM-SOLVING TECHNIQUES TO DEVELOP SEMIOTIC
PROCEDURAL KNOWLEDGE MODELS ABOUT MAGNETISM AND THEIR
ROLE IN LEARNING FOR PROSPECTIVE SCIENCE TEACHERS

Ismail Yilmaz!

Abstract

This study identifies prospective science teachers’ knowledge and achievement levels in
terms of the variables affecting their problem-solving techniques. The aim is to develop a semiotic
procedural knowledge model that will enable them to better understand complex subjects, such as
magnetism. The model was established by generalizing the nodes from a semiotic model developed
for multiple questions. Assessment and control mechanisms for learning systems were used in the
model to maximize the production quality and efficiency of the prospective science teachers’
functional behaviors. The data for this study were collected through four measurement tools. The
data were analyzed using VDOIHI scoring, and the knowledge and achievement levels were
identified. The development of the semiotic procedural knowledge model was based on these
knowledge and achievement levels. Results suggest that semiotic models are needed for improving

the knowledge processes of prospective science teachers.
Keywords: Procedural knowledge; knowledge level; achievement level, semiotic model, semiotic procedural
knowledge level

Introduction

By studying magnetism, prospective science teachers learn not only about crucial properties about
nature but also important aspects of scientific knowledge, including the epistemology of scientific
knowledge as well as its information value, semiotic expressions, simplicity, and logic. When
prospective teachers learn about magnetism, they also learn about the constructed nature of scientific
knowledge. Magnetism reveals a basic understanding of a unique characteristic of science, namely
that two independent scientific theories can combine into a single theory over time. Any attempt to
teach science and scientific knowledge should take this fact into consideration. In science education,
the prerequisite for understanding magnetism is to improve prospective teachers’ procedural
knowledge. This, in turn, will lead to a corresponding improvement in their experiences and
individual regulating mechanisms (Epstein, 1986; Hudspeth & Pribram, 1990; Lawson et al., 2000;
Thatcher, Walker & Guidice, 1987).
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Figure 1. Semiotic Model For Magnetism

Much of what we know is comprised of procedural and declarative knowledge (Dacin & Mitchell,
1986; Runco & Chand, 1995). Procedural knowledge, which involves information about a rational
behavior, describes how a procedure can be carried out in accordance with specified rules (Ozenli,
B2, 1999). It is possible to present procedural knowledge on a semiotic model. We consider a simple
example to demonstrate how procedural knowledge can be presented on a semiotic model for
magnetism. Imagine that a particle with a charge +q enters a magnetic field with velocity v (see the
figure 1 below). If we want to calculate the force on the charge, and if we are provided with q, v, B,
and 0, we can calculate force Fg as Fz = |gq|vBsin6. The calculation is carried out as follows: calculate
sine of 8 angle; record the result; then, multiply q and v by B and record the result. Finally, multiply
the former result by the second result, and record this result. This series of calculations is a procedural
knowledge model. Diagram 1 presents how this procedural knowledge model can be displayed as a
semiotic model. The diagram is a semantic network that illustrates the procedural knowledge model for
the charge particle entering the magnetic field. In the semantic network, circles represent the basic
components of the force whereas the black spots surrounding the circles symbolize synapses
(stimulants that trigger contact between the node they belong to and the other nodes). Synapses only
exist in two states: excited or non-excited. If a synapse gets excited, the node it belongs to also gets
excited and the excitement is transmitted along the arrows (i.e., relationship connections) stemming
from the node until they arrive at the synapses where they end. A synapse is excited only if all the
arrows coming to it are active (excited). This type of a network is a semantic network. In order for the
network to be excited, some of the nodes have to be excited externally, which happens when the node
is provided with some external data. This excitement will spread to the other nodes in the network.
The process will be stabilized, with the network becoming statically excited. The reference numbers
for the synapses (1, 2, and 3) also represent the numbers for the procedures. Problem-solving should
start with data, which are represented by q, v, B, and 6. The data and their connections are presented
in Diagram 1. Starting with Synapse 1 implies starting the procedure for calculating the sine. In order
to excite Synapse 1, the node of & must be excited. For the example provided here, the node of 6 is
excited externally, that is, by inputting data 6. In this manner, the externally excited node of 6 excites
Synapse 1, starting Procedure 1 for sine calculation. Procedure 1 is the calculation of the sine of 6.
When Synapse 1 is excited, it initiates Procedure 1 and excites the node of “Sin.” The excitement of
the node of “Sin” implies that sine has been calculated. The excitement of the node of “Sin” excites
Synapse 2. When Synapses 2 and 3 are excited, Procedure 2 is initiated, and the node of F is excited.
Procedure 2 is the multiplication of Synapses 2 and 3. Synapse 3 is excited when q, v, and B are input.
In other words, Synapse 3 is excited when nodes q, v, and B are excited externally. The excitement of
Synapses 2 and 3 leads to the start of the procedure for force calculation using the formula Fp =
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|qlvBsing (Procedure 2). The excitement of the node of F, in turn, means that necessary procedural
information has been used to complete the calculation. The model is called a semiotic model. The
transition of the network to a static state suggests that procedural information has been used and
“procedural knowledge” has been defined. This defined procedural knowledge is a type of
procedural knowledge generated through problem-solving techniques. The semiotic model
generated here is a semiotic procedural knowledge model, and it can be used to explain other procedural
knowledge subjects associated with magnetism. The stimulants (data) and excited (nodes)
components of a semiotic procedural knowledge model generated for solving a problem should be
defined and adapted to more than one situation. Stimulants can be defined as given-asked. The
definition is also a variable and can be called the given-asked variable. Variables are defined for the
nodes as well as for the procedures for the nodes. These variables are a) “free-body diagram (FBD)”
for graphics and figures used for problem-solving techniques, b) “formula” for formulas used for
problem-solving techniques, c) “operation” for the last node where the operations are carried out, d)
another variable of “formula” that allows for problem-solving techniques in which all the formula
knowledge associated with problem-solving techniques is defined, e) “basic math” for mathematics
knowledge, and f) “scientific knowledge” for scientific knowledge used for problem-solving
techniques. These variables in problem-solving techniques can be classified as two mechanisms for a
learning system. In this way, the stimulants and excited components of the semiotic procedural knowledge

model can be defined through assessment and control mechanisms.

Diagram 1. A Semantic Network That Models the Calculation of the Magnetic Force

In this study, certain procedures will be called operations whereas certain formulas will be called
rules. The rules and their procedural operations will be considered to form the prospective teachers’
procedural knowledge. When the result (e.g., the number obtained from the multiplication of the two
numbers recorded following two calculations in the sample given above) is the desired value, it will
be called “achievement.” The knowledge and achievement levels can be analyzed through
probability and possibility calculation statistics for data variables (VDOIHI) (Yilmaz, 2011). The
adaptation of the scoring system of the VDOIHI statistic to the example given above is as follows:

Step 1: For o _ lalvEsind

=777 1 €ach “smallest meaningful unit” is assigned a probability score of 1 (The

scores imply the following: 0 = absent, 1 = correct, and -1 = incorrect. In VDOIHI, or in particular, in
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its combined stage statistic, when one of the data is negative, the stage involving the steps is called a
negative stage.)

sinf scoreq

Step 2: — = —
. Mzﬁ __ scorey
Step3: 1T =——
Step 4: Scolrel . Scolrez = reslu” ("result" respresnts the the value of the force to be found)

The desired score (BGS): “The sum of probability scores for Step 1” + “The sum of probability scores
for Step 2” + “The sum of probability scores for Step 3” + “The sum of probability scores for Step 4 =
BGS.

For our example, the desired score (BGS)=5+4+2+3=14

The scoring provided above is also used for the measurement data. If data include a “smallest
meaningful unit,” which is desired and assigned a probability score of 1, the smallest meaningful
units in all the stages are scored. Next, these scores are added together to come up with P, namely
the current score. The knowledge level is found when the current score is divided by APS, namely
the desired score. As for the achievement level, the correct result for the data (the value of the force
in the example given above) is assigned 1 point independently of the calculation of the knowledge
level. Next, it is divided by the desired result score (the value of the force in the example is assigned
a score of 1, which is the desired result score) to come up with the “achievement level.” Appendix 1

presents an example scoring, calculation, and interpretation procedure.

Before the semiotic procedural knowledge model is formed, it is necessary to focus on the role of the
“model” in instruction. In education, the role of the teacher is not only to convey formal information
but also to explain the objective of learning and form positive and constructive behavioral models
among the students. Teachers must enable students to acquire the skills needed for solving problems.
In doing so, teachers create and shape the fundamental principles of scientific and technological
research and thinking (Ozenli, 1999, p. C2). Additionally, the roles of “control,” “the control
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mechanism,” “the assessment mechanism,
defined following Ozenli (1999).

objective,” and “objective-oriented systems” will be

The semiotic procedural knowledge model can be generated for more than one problem with
variables, assessment, and control mechanisms. In addition to creating a positive and constructive
behavioral model in students” minds, this model may also help them create and form necessary
scientific skills, research abilities, and thinking skills. One such semiotic model developed for

magnetism is presented in Diagram 2.

Prospective science teachers can improve their knowledge by making accurate decisions, adopting
appropriate selection processes, dividing data into its sub-components in order to select an accurate
option, and assembling these sub-components in an objective-oriented way. This process should start
with procedural knowledge. Prospective teachers’ ability to establish connections among more than
one dataset, make decisions, and choose the best option is associated with declarative knowledge.
Prospective science teachers’ procedural knowledge and declarative knowledge enable them to
construct and develop scientific knowledge inductively. Thus, it is possible to standardize the
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learning/teaching process of prospective teachers. To do so, learners must be adaptive and objective-
oriented. Controlling instructional processes does not mean suppressing individuals” willpowers;

instead, it means understanding natural rules and using them optimally.

In science education, prospective teachers must have high procedural knowledge levels so they can
construct scientific knowledge and have high levels of declarative knowledge. In addition, this
knowledge can help them understand complex subjects like magnetism. Previous studies suggest
that improvements in procedural knowledge contribute to the development of teaching methods and
help enhance the overall educational process (Andre & Ding, 1991; Drummond et al., 1998; Howe et
al., 2000; Johnson & Star, 2007; Kamouri et al., 1986; Kirkhart, 2001; Willingham, Nissen & Bullemer,
1989).

The present study identifies prospective science teachers’ knowledge and achievement levels
according to the variables affecting their problem-solving techniques, and develops a corresponding
semiotic procedural knowledge model. This model will enable them to better understand subjects,
such as magnetism, that have more than one epistemological level. The procedural knowledge is
studied through problem-solving techniques. Determining how the variables for prospective
teachers’ knowledge and achievement levels affect their problem-solving techniques reveals their
procedural knowledge structures. By measuring the variables, it is also possible to show the degree
of the assessment and control mechanisms. This study presents a standardized semiotic procedural

knowledge model for magnetism in science education.
Methodology

In this study, the prospective teachers’ knowledge structures were represented by their knowledge
and achievement levels, which were the dependent variables of the study. The prospective teachers’
scientific knowledge structures were defined according to the variables affecting problem-solving
techniques (independent variables) in procedural knowledge. The data collection instruments were
designed according to the independent variables, and the prospective science teachers were asked to
solve each question by separating each variable from one another. The independent variable data
were used to calculate the dependent variables using VDOIHI. The process of improving the
prospective science teachers’ procedural knowledge structures was studied using a statistical method

and a semiotic model.

The Measurement and Statistical Method

The dependent and independent variables were defined in relation to the prospective science
teachers’” procedural knowledge about solving magnetism-related problems. The dependent
variables were the knowledge and achievement levels. These two variables constituted the
knowledge structure of the prospective teachers. Their knowledge levels were defined through the
independent variables. Their achievement levels, on the other hand, were defined independently of
the independent variables and accounted for by the effects of the variables. Improvement in their
knowledge structures was defined in accordance with the independent variables. The data were
collected through a qualitative case study, during one week after the prospective teachers had
finished studying magnetism. In their curriculum, magnetism was covered in the second term within
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the scope of the course General Physics 11. The participants were first-year science teaching students.
The data were collected through four measurement instruments with a total of 35 prospective
teachers.

Measurement Tool 1 (MT1), which contained six open-ended questions, was administered to the
prospective teachers in order to measure their knowledge about how to carry out a procedure
concerning magnetism in accordance with specified rules. MT1 was intended to measure the
prospective teachers’ procedural knowledge structures, namely their knowledge and achievement
levels in magnetism. Two types of independent variables, namely knowledge-level variables (KLVs)
and procedural variables (PVs), were identified. For the independent variable KLV, the knowledge
levels needed to solve each question on the MT1 define the dependent variable. The different levels
were given-asked, free-body diagram, formula, and operation. Since the KLV was measured at each
stage, these stages were called the independent KLV. The knowledge level (dependent variable) for
each of these independent variables was identified through the IS, APS, ANS, NAPS, and SS scores.
The VDOIHI, or specifically its combined stage statistic (Yilmaz, 2011; Yilmaz & Yal¢in, 2011), was
used to score the independent KLVs in solving the questions and to calculate the IS, APS, ANS, NAPS,
and SS scores. The same statistic was used for the other scoring and calculations in the study. The
calculation of the IS, APS, ANS, NAPS, and SS scores for each independent KLV occurred in three
stages: positive, negative, and neutral. If an independent KLV happened to have more than one stage,
these stages were considered to have formed a combined stage. The scores in the positive stages were
used to calculate the APS, those in the negative stages the ANS and NAPS, and those in the neutral
stages the IS. The percentage values of these IS, APS, ANS, NAPS, and SS scores, calculated for each
independent KLV, indicate the effect of that independent KLV on the achievement level. Appendix 1
presents an example of a similar calculation. In this way, the KLVs were associated with the
achievement levels. The other dependent variable identified was the achievement level. The
achievement level was represented by the ASS score. What the prospective teachers wrote for each
question was assigned a Cb score and associated with the desired result score (CB) in order to

calculate the ASS, or their achievement level.

The independent variables that affected both the procedural knowledge and achievement levels of
the prospective teachers were formula knowledge concerning magnetism, basic math knowledge,
and scientific knowledge. These variables were called procedural variables (PV). Thus, the
participants” procedural knowledge structures were studied through seven variables: four KLVs and
three PVs.

The variable of formula knowledge represented the formula procedures to be used for solving the
questions about procedural knowledge on the MT1. In accordance with the definition of procedural
knowledge, the variable required that the procedures for a given subject should be known before any
procedural knowledge could be formed. Measurement Tool 2 (MT2) was administered to the
prospective teachers in order to measure this procedural knowledge. MT2 contained 36 questions
about formulas for magnetism, which were used for solving the questions on the MT1. The
measurement tool was designed to identify the effect of formula procedures on the prospective
teachers” knowledge and achievement levels. Each correct answer was assigned one point, and the

80



The Use of Problem-Solving Techniques to Develop Semiotic Procedural... Yilmaz, 1.

final score was divided by the desired score (36) to come up with the percentage value. The
percentage value was used to identify the effect of formula knowledge.

The variable of formula knowledge represented the formula procedures for MT1, and each question
on MT2 was linked with one or more questions from MT1. Thus, it was possible to test whether the
prospective teachers had knowledge about the procedures used for solving the questions on the MT1
and identify variables related to their procedural knowledge structures. The total score obtained from
the MT2 was used to identify the effect of the variable of formula knowledge on the prospective

teachers’ procedural knowledge structures.

Basic math knowledge was another independent procedural variable. Measurement Tool 3 (MT3)
was designed to identify the effect of basic math knowledge on the prospective teachers” procedural
knowledge structures. MT3 contained 50 questions involving basic mathematical operations
associated with MT1. The prospective teachers were presented with basic mathematical expressions
and asked to write down equivalents. Each correct equivalent was assigned one point. The total score
was divided by the desired score to determine the percentage value. The percentage value was used
to identify the effect of basic math knowledge. Each question on MT3 was associated with one or
more MT1 questions. Thus, it was possible to test whether the prospective teachers had knowledge
about basic mathematical operations that could be used to solve the questions on MT1, and identify

the effects of this independent variable on their procedural knowledge structures.

The last independent variable was scientific knowledge. Measurement Tool 4 (MT4) included 14
questions about magnetism. Half of the questions were about declarative knowledge whereas the
other half were about mathematical logical knowledge. Each correct answer was assigned one point.
The total score was divided by the desired score (14) to determine the percentage value and the effect
of this independent variable on the prospective science teachers’ procedural knowledge structures.
All the calculations in the present study were made through the package software program
developed for the VDOIHI.

Semiotic Methodology

By replacing the nodes with the variables, one can establish a semiotic model for the prospective
teachers” solving of the procedural knowledge questions concerning magnetism. For example, a
stimulant piece of data (given-asked (KLV)) is input to the system for a general condition concerning
magnetism. The data activates (excites) a synapse of scientific knowledge (PV) with which it is linked.
The excited scientific knowledge excites a synapse of formula knowledge (PV). If the excited formula
knowledge is comprised of one formula, it excites a synapse of operation (KLV). The excited
operation, in turn, excites a synapse of result (ASS) and gets stabilized. Unless more than one formula
in the formula knowledge (PV) can excite the synapse of operation, it excites either a synapse of basic
math or a synapse of free-body diagram (FBD). In the event that basic math knowledge is excited, the
synapse of formula knowledge (KLV) is excited if an appropriate formula is developed. The excited
synapse of formula knowledge (KLV) excites the synapse of operation. The excited synapse of
operation, in turn, excites the synapse of result and becomes stabilized. More than one formula in the
excited formula knowledge (PV) might excite the synapse of FBD (KLV) without exciting basic math
knowledge. In that case, the synapse of FBD excites the synapse of formula knowledge (KLV). The
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excited synapse of formula knowledge (KLV), in turn, excites the synapse of operation. The excited
synapse of operation excites the synapse of result and becomes stabilized. This semiotic model is
presented in Diagram 2.

Diagram 2. Procedural Knowledge Models That Illustrate the Semantic Network in Magnetism

Result (455)
CM3

Operation
(KLV)
e
L B
Basic Math (PV) A
oMl
M1
5 4
Formula
Enowledgs
(PV)
AND
I 2
Scientific
Enowledgs
(PV) AMI
* 1
Given- Asked
(KLV)
KLV: Knowledge-Level Variable PV: Procedural Variable

AM1, AM2 ve AM3: Assessment Mechanism CM1, CM2 ve CM3: Control Mechanism

Diagram 2 is a semantic network that illustrates the direction of the model for solving the questions
about procedural knowledge. This “model for solving procedural knowledge questions” can be used
as a semiotic model for learning. The findings of the present study will be useful for establishing the
semiotic models of prospective science teachers for subjects such as magnetism that are related to
procedural knowledge. This semiotic model is based on the mathematical connections (especially
logical functions) among the percentage values of APS for the variable in each node. These percentage

values are also called the accuracy values of the variables.

The maximization of the quality and efficiency of the prospective science teachers’ functional
behaviors and productivity will be explained through the assessment and control mechanisms, as
shown in Diagram 2. The nodes in Diagram 2 will represent either the assessment or control
mechanisms, depending on the roles they assume. The nodes of scientific knowledge (PV), formula
knowledge (PV), and formula knowledge (KLV) will represent the assessment mechanisms for
maximization. In accordance with the roles they assumed, the nodes of FBD, (KLV), basic math (PV),
operation (KLV), and result (ASS) will be defined as the control mechanisms for maximization.
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Furthermore, this diagram is valid not only for educators but also those being educated. In order for
the teachers to benefit from the improvements in their procedural knowledge processes, the path
must be followed from the data (given-asked) to the result (ASS). For the present study, the path will
go through the variables. The assessment mechanisms will be defined via objective-oriented systems.
The scientific knowledge that particular data are associated with is assessed and determined by the
objective-oriented systems in the variable of scientific knowledge (PV) (the excitement of the node of
scientific knowledge (PV) through the excitement of Synapse 1). Next, the formulas for that scientific
knowledge will be assessed and determined by the objective-oriented systems in the variable of
formula knowledge (PL). If the objective-oriented systems determine one formula for solving the
question, the next step is to proceed to the variable of operation (KLV) and determine the result
through the control mechanisms. If more than one formula has been determined in the variable of
formula knowledge (PV), the formula that will lead to the result is determined by proceeding to the
variable of formula knowledge (KLV) through the use of the control mechanisms for either the
variable of basic math (PV) or FBD (KLV). The formula that will lead to the result is assessed and
determined by the objective-oriented systems in the variable of formula knowledge (KLV). The next
step proceeds to the variable of operation (KLV) and uses the control mechanisms in order to
determine the result. Which objective-oriented systems or control mechanisms are used in the
assessment mechanisms is determined by the percentage values of APS for the variables. One can
define the assessment and control mechanisms in learning systems by interpreting the percentage
value of APS as the measurement of self-organization in the assessment mechanism and accuracy

value/level in the control mechanism.

Statistical Results

Table 1 presents the calculations of the scoring of the data obtained from the four measurement tools.
The IS, APS, ANS, NAPS, and SS scores for the KLVs are presented separately. The last column
represents the participants’ overall knowledge levels according to their mean scores in the four KLVS.
The variable accounting for the achievement levels of the prospective science teachers is represented
by the ASS score. The ASS scores are provided in the last row of the column that includes the
calculations for given-asked (KLV). The same column also provides the PV values. MT2 represents
the value for the variable of formula knowledge, MT3 for the variable of basic math knowledge (PV),
and MT4 for the variable of scientific knowledge (PV).
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Table 1. Findings on the Scoring Based on the Data Obtained From the Four Measurement Tools

Point/ Variable  Given-Asked Free-Body Diagram Formula Operation Sum of Variables

IS(S) 0.00 0.01 0.02 0.06 0.02
APS(S) 0.03 0.28 0.17 0.24 0.18
ANS(S) -0.01 -0.02 -0.01 -0.15 -0.05
NAPS(S) 0.00 0.02 0.01 0.05 0.02

SS(S) 0.96 0.67 0.79 0.50 0.73

MT2 0.36

MT3 0.71

MT4 0.30

ASS 0.43

The prospective science teachers had an ASS score of 0.43, which suggests the extent to which they
used their procedural knowledge about magnetism, followed specified rules, and achieved the result
(new knowledge) (Table 1). In addition, their mean scores in the KLVs indicated that their general
positive knowledge level (APS) was 0.18, their negative knowledge level (ANS) was 0.05, their
positive knowledge level in negative knowledge (NAPS) was 0.02, and their neutral knowledge level
(IS) was 0.02. The participants’ knowledge about the specified rules for a procedure (or
knowledge/question) in magnetism was represented by the APS value, which was far lower than
their achievement level (2.39). This finding suggests that the participants were able to apply certain
procedures and rules without this being reflected in their knowledge level. This might be the reason
why their achievement level was 0.43, a rather low value. Their scores for the procedural variables,
namely formula knowledge, basic math knowledge, and scientific knowledge, were 0.36, 0.71, and
0.30, respectively. Out of these three values, only basic math knowledge had a value higher than the
achievement level. One reason why the achievement level was higher than the knowledge level might
be the fact that the participants had a relatively higher value for the variable of basic math knowledge
(0.71).

Table 1 presents the IS, APS, ANS, NAPS, and SS knowledge-level calculations for the independent
KLVs, namely given-asked, free-body diagram, formula, and operation. The findings of the IS, APS,
ANS, NAPS, and SS knowledge levels for each independent KLV, as well as their association with

the achievement level, are interpreted below according to the percentage values of probabilities.

All the calculations for given-asked (KLV) are presented in the second column of Table 1.
Significantly, this variable represented where the planning for solving the question took place. Its
importance to procedural knowledge was that it was the independent KLV that involved the
identification of the procedures as well as their order. The effects of the variable on the achievement
level were as follows. The participants’ score/knowledge in the positive stage (APS) positively
affected the achievement level (ASS) by 3%. Their knowledge in the neutral stage (IS) did not
influence the achievement level (0%). Their negative knowledge (ANS) negatively affected the
achievement level by 1%. Their positive knowledge in the negative stages (NAPS) did not affect the
achievement level (0%). The zero score (SS), which indicated the level of unknown knowledge for the
variable, negatively affected the achievement level by 96%. The extent to which this independent
KLV positively affected the achievement level is equal to the aggregate of the APS and NAPS scores
at most. In other words, the variable could be argued to have positively influenced the achievement
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level by 3% at most. On the other hand, the extent to which the variable negatively affected the
achievement level is equal to the aggregate of the IS, ANS, and SS scores at most. In other words, the

variable could be argued to have negatively influenced the achievement level by 97% at most.

The second variable for the achievement level was free-body diagram, one of the independent KLVs.
The calculations for this variable are presented in the third column of Table 1. This variable helped
determine accurate formulas for the solution by establishing a connection between what was asked
and given. Furthermore, its importance to the procedural knowledge is its role as an independent
KLV where some of the procedural rules could be identified. The effects of the variable on the
achievement level were as follows. The participants’ knowledge in the positive stage positively
affected the achievement level by 28%. Their knowledge in the neutral stage negatively influenced
the achievement level by 1%. Their negative knowledge negatively affected the achievement level by
2%. Their positive knowledge in the negative stages had the potential to affect positively the
achievement level by 2%. The zero score, which indicated the level of unknown knowledge for the
variable, negatively affected the achievement level by 67%. The variable could be argued to have
positively influenced the achievement level by 30% at most, whereas it could be argued to have

negatively affected the achievement level by 70% at most.

The third variable for the achievement level was formula, another independent KLV. The calculations
for this variable are presented in the fourth column of Table 1. This was the variable where the basic
procedures for solving a question were determined. The effects of the variable on the achievement
level were as follows. The participants’ knowledge in the positive stage positively affected the
achievement level by 17%. Their knowledge in the neutral stage negatively influenced the
achievement level by 2%. Their negative knowledge negatively affected the achievement level by 1%.
Their positive knowledge in the negative stages had the potential to affect positively the achievement
level by 1%. The zero score, which indicated the level of unknown knowledge for the variable,
negatively affected the achievement level by 79%. The variable could be argued to have positively
influenced the achievement level by 18% at most, whereas it could be argued to have negatively

affected the achievement level by 82% at most.

Three of the KLVs, namely given-asked, free-body diagram, and formula, represented where the
procedures and rules were determined for procedural knowledge. On the other hand, operation was
the last variable where the rules of the procedures identified in the previous three variables were
used to achieve a result or produce knowledge. The calculations for this variable are presented in the
fifth column of Table 1. The effects of the variable on the achievement level were as follows. The
participants” knowledge in the positive stage positively affected the achievement level by 24%. Their
knowledge in the neutral stage negatively influenced the achievement level by 6%. Their negative
knowledge negatively affected the achievement level by 15%. Their positive knowledge in the
negative stages had the potential to affect positively the achievement level by 5%. The zero score,
which indicated the level of unknown knowledge for the variable, negatively affected the
achievement level by 50%. The variable could be argued to have positively influenced the
achievement level by 29% at most, whereas it could be argued to have negatively affected the
achievement level by 71% at most.
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The PVs, which collectively influenced the prospective science teachers’ knowledge and achievement
levels (APS and ASS), and identified their procedural knowledge structures, were tested through the
MT2, MT3, and MT4. The related calculations are presented in the second column of Table 1. Results
show that the variable of formula knowledge (MT2) positively affected the procedural knowledge
structures by 36%. In addition, the variable of basic math knowledge (MT3) positively affected the
procedural knowledge structures by 71%. Finally, the variable of scientific knowledge (MT4)
positively affected the procedural knowledge structures by 30%. These findings suggest that the
value closest to the achievement level (0.43) was formula knowledge (0.36). On the other hand, the
value closest to the knowledge levels (0.03, 0.28, 0.17, and 0.24) was scientific knowledge (0.30).

Semiotic Results

A comparison among the APS values of the independent knowledge-level variables (KLV), the values
of procedural variables (PV), and the ASS values indicated that the values for all variables, except for
basic math (PV), were lower than the ASS value. This suggests that two potential paths in Diagram 2
were used by the prospective teachers as they proceeded from the excitement paths to the variable of
operation (KLV). The fact that the variable of given-asked (KLV) was excited by 3% suggests that this
variable was not used by the prospective science teachers. Thus, the semiotic model is based on the
acknowledgement that the stimulant data excited the variable of scientific knowledge (PV) by 30%.
When the node of scientific knowledge (PV) was excited, the scientific knowledge that the data were
associated with could be identified with an accuracy level of 30%. The node, in turn, excited Synapse
2, which meant starting the procedures to identify the formulas that would lead to the result. The
formulas were identified with an accuracy level of 36%, and the node of formula knowledge (PV)
was excited. The excitement of the node excited Synapses 3, 4, and 5. The percentage values for the
nodes that these synapses were linked to were 24, 71, and 28, respectively, which suggests that
Synapse 4 was not excited. The reason for this is that after a node excited with an accuracy level of
36% excited the node of basic math with an accuracy level of 71%, it should have excited Synapse 6
with an accuracy value higher than 17%. In that case, the node of formula knowledge (PV) excited
either Synapse 3 or Synapse 5. Since the percentage value for the excitement of the node of FBD (KLV)
was closer to the percentage value for formula knowledge (PV), it must have been Synapse 5 that was

excited.

In other words, more than one formula that would lead to the result must have been identified in the
excited node of formula knowledge (PV). Thus, Synapse 5 was excited, starting the procedures
related to drawing figures to identify the relevant formula. These procedures were used with an
accuracy level of 28%, and the node of FBD (KLV) was excited. The node, in turn, excited Synapse 7,
starting the procedure to select the formula already identified in the node of FBD (KLV). The formula
was identified with an accuracy level of 17%, and the node of formula knowledge (KLV) was excited.
The procedures for obtaining the relevant result were completed with an accuracy level of 24%,
exciting the node of operation (KLV). This node, in turn, excited Synapse 9 and started the procedure
to identify the accurate result. The result was identified with an accuracy level of 43%, and the node
of result (ASS) was excited, leading to stabilization. Through that excitement, the relevant formula
might have been identified in the node of formula knowledge (PV), thus exciting Synapse 3. In this
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case, the node of operation (KLV) was excited and stabilization was achieved. Diagram 3 presents the
semantic network for the semiotic procedural knowledge models.

Diagram 3: Procedural Knowledge Models That Illustrate the Semantic Network in Magnetism
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Since the variable of given-asked was where the stimulant data needed to be divided into its
components, this variable had no influence on the assessment and control mechanisms. Thus, the
data were accepted into the first assessment of the variable of scientific knowledge (PV) without being
divided into its sub-components. The options for the stimulant data input in the MT1, which were
designed to measure data following the definition of procedural knowledge, enabled the prospective
teachers to be self-organized by 30% (0.30) for this variable, and this maximized a utility function.
Since the participants were able to self-organize by only 3% for the variable of given-asked, it was
more likely to make an inert decision in the variable of scientific knowledge (PV) as a wrongly-
tolerated system. The data for this variable were assessed, and a corresponding decision was made.
Next, the variable of formula knowledge (PV) was considered in order to assess the formulas for this
knowledge (the second assessment). For this variable, the assessment mechanisms were used, and a
corresponding decision was made. The participants were self-organized for this variable by 36%.
Afterwards, they decided on one formula and proceeded to the variable of option (KLV), where the
control mechanisms would be employed, or they identified more than one option and proceeded to
the variable of basic math (PV) or FBD (KLV). If a certain utility function was maximized in the
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variable of formula knowledge (PV) with a risky decision and one formula was identified, the
participants might have used the control mechanisms (the second control) in the variable of operation
(KLV) and proceeded to the result. The data and formulas were used in the variable of operation, the
operation options were reduced with an accuracy level of 24%, and entropy reduction, one of the
control mechanisms, was used. The fact that the values for the variable of formula (PV) and the other
variable of formula (KLV) were 0.36 and 0.17, respectively, suggested that maintenance of variances
and selective oblivion were not used in the control mechanisms. Following the reduction in the
variable of operation, the next step was to proceed to the result (ASS) where the third and last control
took place. In this control variable, the result should have been identified through a reduction with
an accuracy level of 43%; however, the percentage value of the result was higher than the assessment
and control paths. This meant that the prospective teachers used this control variable as a wrongly
tolerated objective-oriented system. If a certain utility function was maximized in the variable of
formula knowledge (PV) with a cautious decision and more than one formula was identified, the
variable of basic math (PV) was not used as a control mechanism because of the reason specified in
the procedural knowledge model. In that case, FBD (KLV) was used as the control mechanism. This
variable was the first control mechanism. The procedures for drawing figures and entropy reduction
(28%) were used in order to determine the formula that would lead to the result with a cautious
decision of 36%. The next step was to proceed to the variable of formula (KLV) where the assessment
mechanisms were used to determine the formula that would lead to the result. The result might have
been reached as follows: the participants were self-organized in the variable of formula (KLV) by
17%, made an inert decision to select one formula out of several options, proceeded to the variable of
operation (KLV) where the control mechanisms were used, and used control methods on the decision

coming from the variable of formula (PV).
Statistical Conclusions

The participants’ positive knowledge level was 0.03 (APS: 3%) and their negative knowledge level
was 0.01 (ANS: 1%) in given-asked, an independent KLV that was needed to solve the questions in
the MT1. Such low scores suggest that they had not been involved in planning how to identify and
carry out the specified rules for the procedure. In addition, their scores for the other KLVs, namely
0.28, 0.17, and 0.24 (APS: 28%, APS: 17%, and APS: 24%), as well as their knowledge level (0.43, or
ASS: 43%) and formula knowledge (PV)(0.36, or MT2: 36%), were higher than the knowledge level
for the variable of given-asked. This suggests that the prospective teachers knew about the
procedures and rules for magnetism at a higher level than their knowledge level for this variable, but
they failed to get involved in planning. If they had been involved in planning, the optimal value they
would have received would have been approximately the value for the variable of formula
knowledge (PV) (MT2: 0.36). Similarly, previous studies by the author of the present study on similar
topics concluded that the KLV with the lowest value was given-asked (Yilmaz, 2011; Yilmaz and
Yal¢in, 2012a; Yilmaz and Yalgin, 2012b). These studies found that the participants’ positive
knowledge level for the variable of given-asked was 0.12 (APS: 12%), that their achievement level
was 0.66 (ASS: 66%), and that their value for the variable of formula knowledge (P.V.) was 0.54 (MT?2:
54%).
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Given the findings of the present study, as well as the previous ones, it could be argued that
prospective teachers’ proper planning for the variable of given-asked while attempting to solve
procedural knowledge questions would make their positive knowledge levels approach the value for
the variable of formula knowledge (PV). Even in that case, however, it would be necessary to increase
the value for the variable of formula knowledge (PV) before any correlation could be established
between the variable of given-asked and the achievement level. In order to improve the prospective
science teachers’ procedural knowledge and make it easier for them to solve related questions, it is
necessary to increase the value for the variable of formula knowledge (PV) and their positive
knowledge level for the variable of given-asked. In other words, the value for the variable of formula
knowledge (PV) should be increased, which should be accompanied by some planning on how to

identify and carry out the rules for a particular procedure.

The participants’ positive knowledge level for free-body diagram (FBD) was 0.28 (APS: 28%).
Moreover, their overall positive knowledge level was 0.30 (APS + NAPS: 0.28 + 0.02 = 30%) whereas
their overall knowledge level was 0.33 (APS + NAPS +1S + ANS: 0.28 + 0.02 + 0.01 + 0.02 = 33%). These
values suggest that the prospective teachers partially knew the rules of a particular piece of
procedural knowledge concerning magnetism. Likewise, previous studies on prospective teachers’
procedural knowledge structures (Yilmaz, 2011; Yilmaz and Yalgin, 2012a; Yilmaz and Yalgn, 2012b)
concluded that the positive knowledge level for this variable was 0.12, the overall positive knowledge
level was 0.17, the overall knowledge level was 0.35, and the value for the variable of formula
knowledge (PV) was 0.54. These values are similar to the present findings. Other studies on
declarative knowledge (Yilmaz, 2011; Yilmaz & Yalgin, 2012a; Yilmaz & Yal¢in, 2012c) reported that
the overall knowledge level for this variable was 0.00 and the value for the variable of formula
knowledge was 0.59. Given these findings, it could be argued that the value for the variable of
formula knowledge (PV) (MT2:0.36), which tested whether the rules of procedural knowledge were
known, should be increased first before any attempt to increase the knowledge level for the variable
of free-body diagram. It should be ensured that the rules of procedural knowledge could be selected
in terms of the rules of the relevant procedure. In the present study, the extent to which this
association could be established for selection was represented by the formula knowledge levels
(KLV). Afterwards, it would be more appropriate to enhance the permanency of the formula
knowledge levels (KLV) and increase the FBD knowledge levels, which could make it easier to

identify rules.

The KLV where the prospective science teachers would identify the rules of a relevant procedure to
obtain procedural knowledge was formula knowledge. For this variable, the participants’ positive
knowledge level was 0.17 (APS: 17%), their overall positive knowledge level was 0.18 (APS + NAPS:
0.17 + 0.001 = 18%), and their overall knowledge level was 0.21 (APS + NAPS + IS + ANS: 0.17 + 0.01
+0.02+0.01 =21%), all of which constituted rather low values for the variable. These findings suggest
that the prospective teachers had an unsatisfactory level of knowledge about the rules of procedural
knowledge. In addition, the knowledge level for formula knowledge (KLV) was lower than the value
for the variable of formula knowledge (PV) (MT2: 0.36), which implied that they were unable to
associate known rules with the relevant procedure. On the other hand, similar studies (Yilmaz, 2011;
Yilmaz & Yal¢in, 2012a; Yilmaz & Yalgmn, 2012b) reported that the positive knowledge level for this
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variable was 0.55, the overall positive knowledge level was 0.57, the overall knowledge level was
0.60, and the value for the variable of formula knowledge (PV) was 0.54. This discrepancy might have
resulted because the topic of magnetism made it more difficult for the prospective teachers to
associate known rules with the relevant procedure when compared to Newton’s laws of motion,
which was the topic of the previous studies. The implication of these findings for science education
is that Newton’s laws of motion should be covered earlier than magnetism laws. Furthermore,
procedural knowledge levels about preceding subjects should be enhanced before rules concerning

magnetism can be taught and learned.

In the present study, it was the variable of operation where the prospective teachers were supposed
to carry out operations to achieve the desired result in accordance with the rules of a particular
procedure. Not only the knowledge level but also the achievement level could be determined for this
variable. The participants’ positive knowledge level for this KLV was 0.24 (APS: 24%), their overall
positive knowledge level was 0.29 (APS + NAPS: 0.24 + 0.05: 29%), and their overall knowledge level
was 0.50 (APS + NAPS + IS + ANS: 0.24 + 0.05 + 0.06 + 0.15 = 50%). These variables had the highest
values, excluding the positive knowledge level for FBD. This finding suggests that the prospective
teachers attached importance to identifying the result, though without planning and applying the
rules for a particular procedure. It is possible the prospective teachers focused on the result because
they were influenced by “testing culture.” This also implies that knowledge is not constructed but
memorized, which has negative implications for the teaching profession. What should matter most

is the comprehension of knowledge, and the first step towards this is procedural knowledge.

One of the reasons why the prospective teachers’ knowledge level in the negative stages (ANS: 0.15)
for the variable of operation was higher than the other independent KLVs was that they had difficulty
in associating their basic math knowledge (PV) (MT3: 0.71) with the application of the rules.
Alternatively, their overall positive knowledge level (0.29) was very close to the value for the variable
of scientific knowledge (PV) (0.30, or MT4: 30%), which suggested that they relied on incorrect

knowledge about the rules.
Semiotic Conclusions

An assessment of the semiotic procedural knowledge models indicated that the directional
flow between the variable of formula knowledge (PV) and the variable of operation (KLV) was such
that would make the node of formula knowledge (PV) excite Synapse 3. The control for the variable
of FBD (KLV) did not ensure maintenance of variance for the options determined for the variable of
formula knowledge (PV) with a cautious decision and accuracy level of 36%. In addition, an inert
decision was made with an accuracy level of 17% for the variable of formula knowledge (KLV).
Therefore, the node of formula knowledge (PV) excited Synapse 3 without exciting Synapse 5. In the
semiotic procedural knowledge models for the prospective teachers, the node of scientific knowledge
(PV) was excited without the stimulant data being divided into its sub-components for the variable
of given-asked. With the excitement of this node, the relevant scientific knowledge was identified
with an inert decision as a wrongly tolerated system, and Synapse 2 was excited. The excitement of
this synapse caused the node of formula knowledge (PV) to be excited. In this node, one single
formula was maximized with a risky decision, and Synapse 3 was excited. The synapse, in turn,
excited the node of operation (KLV). In this node, Synapse 9 was excited following the use of data
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and formulas as well as reduction in the operation options. Synapse 9, in turn, excited the node of
result, and the result was determined with the use of a wrongly tolerated objective-oriented system

as the assessment mechanism.

If semiotic procedural knowledge models are designed with consideration to the assessment and
control mechanisms, increased quality can be achieved in the processes by which educators shape
the minds of their students. The findings of the present study suggest that semiotic models are needed
to improve knowledge processes because the prospective teachers made decisions that would not
lead to the expected result in the assessment mechanisms. In addition, they failed to establish a proper
balance between maintenance of variations and selective oblivion. Below are semiotic procedural
knowledge models that illustrate how prospective teachers could have obtained the expected result

through objective-oriented systems and by establishing a balance between the control mechanisms.

First, the stimulant data should be divided into sub-components for the variable of given-asked, and
then a decision should be made for the variable of scientific knowledge for the knowledge to which
the data belong. Next, the formulas that will lead to the result in the variable of formula knowledge
(PV) should be determined, to ensure a proper balance between maintenance of variations and
selective oblivion either for the variable of basic math or FBD. Moreover, this will determine the
accurate formula for the variable of operation (KLV) that will lead to the result and a proper balance
between risk and caution. For the variable of operation, the data and formula should be used, and an
accurate entropy reduction should be made. Finally, the result should be determined through a

proper balance between maintenance of variations and selective oblivion.

91



IHEAD, e-ISSN 2528-9632, 2016, 1(1), 75-96 Yilmaz, 1.

References

Andre, T. and Ding, P. (1991). Student misconceptions, declarative knowledge, stimulus condtions
and problem solving in basic electricity, Contemporary Educational Psychology, 16(4), 303-
313.

Dacin, P. A. and Mitchell, A. A. (1986). The measurement of declarative knowledge, Advances in
Consumer Research, 13, 454-459

Drummond, S. R., Hernandez, G., Velez, M. and Villagran, G. (1998). Cooperative learning and the
appropriation of procedural knowledge by primary school children, Learning and

Instruction, 8(1), 37-61.

Epstein, H.T. (1986). Stage in human brain development, Developmental Brain Research, 30(1), 114-
119.

Howe, C., Tolmie, A., Tanner, V. D. and Rattray, C. (2000). Hypothesis testing in science: group
consensus and the acquisition of conceptual and procedural knowledge, Learning and
Instruction, 10(4), 361-391.

Hudspeth, W.J. and Pribram, K.H. (1990). Stages of brain and cognitive maturation, Journal of
Educational Psychology, 82(4), 881-884.

Johnson, B. R. and Star, J. R. (2007). Does comaring solution methods facilitate conceptual and
procedural knowledge? an experimental study on learning to solve equations, Journal of
Educational Psychology, 99(3), 561-574.

Kamouri, A. L., Kamouri, J. and Smith, K. H. (1986). Training by exploration: facilitating the transfer
of procedural knowledge through analogical reasoning, International Journal of Man-
Machine Studies, 24(2), 171-192.

Kirkhart, M. W. (2001). The nature of declarative and nondeclarative knowledge for implicit and
explict learning, The Journal of General Psychology, 128(4), 447-461.

Lawson, A. E., Alkhoury, S., Benford, R, Clark, B.R. and Falconer, K.A. (2000). What kinds of
scientific concepts exist? Concept construction and intellectual development in college
biology, Journal of Research in Science Teachin, 37(9), 996-1018.

Ozenli, S. (1999). Ilmi sohbetler. Adana: Karakuslar Otomotiv Tic. ve San. Ltd. Sti., B2.
Runco, M. A. and Chand, L (1995). Cognition and creativity, Educational Psychology, 7(3), 243-267.

Thatcher, RW., Walker, RA. and Guidice, S. (1987). Human cerebral hemispheres develop at
different rates and ages, Science, 236, 1110-1113.

Willingham, D. B., Nissen, M. J. and Bullemer, P. (1989). On the development of procedural
knowledge, Journal of Experimental Psychology, 15(6), 1047-1060

Yilmaz, 1. (2011). Fen bilgisi 6gretmen adaylarmin Newton'un hareket yasalarini $grenmelerinde

kuralli bilgiden agiklayic1 bilgiye geciste kargilagtiklar1 problemlerin incelenmesi

92



The Use of Problem-Solving Techniques to Develop Semiotic Procedural... Yilmaz, 1.

(Unpublished doctor’s thesis). Gazi Universitesi, Egitim Bilimleri Enstitiisii, Ankara (2011),
414012. http://tez2.yok.gov.tr/

Yilmaz, I. and Yalgin, 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, 1. and Yalgmn, 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, 1. and Yalgin, N. (2012b). 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, 1. and Yalgin, N. (2012c). 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 Fakiiltesi Dergisi (SUJEF), 23, 121-
140.

93



IHEAD, e-ISSN 2528-9632, 2016, 1(1), 75-96 Yilmaz, 1.

Appendix 1.

Sample Question: A proton moves with a velocity of 3x10° m/s in a direction at an angle of 90° to a
magnetic field of 0.5 T in the direction of +x. Find the size of the magnetic force affecting the proton.

The Desired Way The Current Way
Given-Asked: Given-Asked:

+q _ 1602x1071° ¢ q _ 1602x107'° ¢
11 1 1 1

B_ 05T B_ 05T

171 171

[ 900 ? 7

1= 7 27 3

v 3x10° m/s v _ 3x10° m/s

1 1 1 1

Fp N? F_B _ N_7

T o1 1 1

The desired result (BGS) =3 +2+2+2+2= The current score (P): 2+2+2+2=8
11

Free-Body Diagram:

Free-Body Diagram:

+y
11
v
1
6
1 +x
> 11
q B
11 1
P=0
BGS=9
Formula:
Formula: s lalve
1 111
Fp _ lalvBsing
1 111 1 P=4
BGS=5
Operation:
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Fg _lqlvBsind

1 111 1

Fp 1,602x1071°3x10° 0,5 sin90

1 1 1 1

Fg 2,403x1071° N

1 1

BGS =12

The desired result score (CB) =1

Operation:

1

95

Fy lqlvB

1 111

Fg 1,602x107° 3x10° 0,5

1 1 1 1

Fg 2,403x107° N

1 1

P=10

The current result score (Cb) =1

Yilmag, 1.
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Calculation and Interpretation:

Given-Asked:

8
—=0,72

APS =55 T 11

The knowledge level for given-asked is 0.72. This knowledge level has the potential to affect the

achievement level in a positive way by 72%.

Free-Body Diagram:

APS = P —0—0
" BGS 9

The knowledge level for free-body diagram is 0. This knowledge level does not have the potential to

affect the achievement level.

Formula:

APS = =08

ul| &

BGS

The knowledge level for formula is 0.8. This knowledge level has the potential to affect positively the

achievement level by 80%.

Operation:

APS = P —10—083
T BGS 12

The knowledge level in operation is 0.83. This knowledge level has the potential to affect the

achievement level by 80%.

The achievement level (ASS): ASS = % = % =1

The achievement level is 1 (100%).
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