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Abstract

This study aimed to investigate the effects of geometry instruction
based on Dienes’ principles (constructivity, dynamic, mathematical
variability and conceptual variability principles) on 4th graders’
geometry success and retention of learning. It was a pretest-
posttest control group quasi-experimental study. The study group
comprised three classes of 4th graders from three different
elementary schools in Nevsehir who had been shown to be
identical via a “Geometry Level Identification Test”. The study was
conducted with two experimental groups and a single control
group. The study took 39 class hours. While instruction in the
experimental groups was based on Dienes' principles, the
researcher did not intervene in the instructional process in the
control group. The data collection tool used in the study was the
“Geometry Level Identification Test”. In comparing the pretest,
posttest and retention test mean scores, Covariance (ANCOVA)
and paired-sample t-test analyses were used. The results revealed
that the experimental groups, which experienced learning activities
based on Dienes' principles, had better geometry success than the
control group where instruction was not manipulated. While no
significant difference emerged between the "Geometry Level
Identification” posttest mean scores of the two experimental
groups, both groups differed significantly from the control group.
The retention test given three weeks following the study showed
that some information had been forgotten by all three groups. The
retention test scores of the groups were 5-7 points lower than their
posttest scores. Even though a significant difference was not found
between the retention scores of the groups, it may be stated that the
decline in the control group was noteworthy.
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Introduction

The foundations of geometry, an important sub-branch of mathematics, are laid in the preschool
period and it has an important place in the school curriculum. However, the abstraction that is present
in the nature of mathematics and geometry make it difficult for children to make meaning of geometry.
Making meaning of such abstraction is possible by the right kind of education and rich experiences in
the instructional environment. A geometry instruction devoid of rich experiences limits children’s
understanding (Clements, 1998; Faggiano, 2012).

It may be said that success in geometry education is lower than the other branches of
mathematics in Turkey. Geometry is one of the areas in which Turkish children score lowest in many
international exams (See Programme for International Student Assessment [PISA], 2003, 2006; Trends
in International Mathematics and Science Study [TIMSS], 1999, 2011). Similarly, Turkish students also
perform poorly in the geometry section of national exams. In the 2012 Transition to Higher Education
Exam (YGS), students obtained a mean score of 6.73 in the geometry section which included 30 items,
and in 2013 they obtained a mean score of 4.15. Later, in 2015, the geometry mean score of 757.768
candidates was 3.78 (Student Selection and Placement Center [OSYM], 2012, 2013, 2015).

Due to such problems students have with geometry, both national and international literature
focuses on how to help students improve their understanding of this branch of mathematics. Research
has been conducted into the use of various methods, techniques and strategies in the teaching and
learning of geometry. The present study focuses on the effects of using the alternative mathematics
education approach of Dienes’ principles on student success in geometry. Prior to explaining Dienes’
principles, it would be useful to discuss the process of geometry instruction.

The Process of Geometry Instruction

Geometry is not only a discipline in which theoretical thought is constructed, but it is also an
indispensable part of our cultural experiences which are vital in many aspects of our life (Faggiano,
2012). Geometry also gives us powerful tools to represent and solve problems in different areas of
mathematics, other school courses and daily life (National Council of Teachers of Mathematics [NCTM],
2001, pp. 1-2). Therefore, grasping geometry is an important mathematical skill in all stages of
instruction.

Although researchers emphasize that geometry is important for students in all stages of
education (Clements & Battista, 1992; Clements, 1998), students’ geometry performance does not reflect
its significance (Burns, 2007; Clements & Battista, 1992). National (YGS, Transition from Basic to
Secondary Education [TEOG]) and international exams (TIMSS, PISA) show that geometry is the field
in which students are minimally competent. This invites the question “Why all these difficulties?".
Researchers list the following as the reasons for the difficulties experienced in geometry:

¢ Instructional approaches selected to teach geometry,

o Teacher failure to go beyond typical curriculum materials,

¢ Insufficient teacher knowledge of geometry,

¢ Insufficient examples of geometry concepts in mathematics textbooks,

e Students solving geometry questions with memorized knowledge rather than deep
understanding,

e Students not having a desired geometric thinking level (Fidan & Tiirniiklii, 2010; Gokbulut,
2010; Gokbulut & Ubuz, 2013; inan & Dogan Temur, 2010; Olkun, 2005; Olkun & Aydogdu,
2003; Toptas, 2007; Yenilmez & Yasa, 2008).
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According to the international literature, the biggest reason for the difficulties students face in
geometry include little emphasis on developing geometric skills, focusing on memorizing general
procedures (i.e. multiplying two sides of a rectangle gives us its area or the sum of a triangle’s inner
angles is 180°) rather than understanding in the teaching of geometric concepts, insufficient education,
teacher emphasis on other learning areas of mathematics such as arithmetic or measurement, linguistic
difficulties in self-expression, developmental incompetencies in drawing, spatial presentation of
mathematical ideas, the differences between the daily use of certain words and their use in mathematics
(Burns, 2007; Dickson, Brown, & Gibson, 1984; Driskell, 2004; Heddens & Speer, 1995; Miller & Mercer,
1997).

It would be right to say that both national and international literature show most geometry-
related problems to stem from instructional approaches. However, research places children’s ways of
learning geometric thinking in a structuralist position. Children construct geometric concepts in a
gradual way from a perceptual to conceptual plane (Clements & Battista, 1992). The learning of
geometric concepts by students is directly related to an individual’s development and thinking levels
(Toptas, 2010). Environments which provide students with rich experiences are essential for the
objective of the entire cognitive structure related to geometric concepts. Without such learning
environments, individuals will not be able to make meaning of geometric concepts and learning does
not go beyond mere memorization (Duatepe Paksu, fymen, & Pakmak, 2013, pp. 164).

For students to be able to understand geometric shapes, they need to discover the parts and
qualities of these shapes. Only seeing pictures of geometric shapes and naming them is not enough to
construct geometric concepts (Burns, 2007; Clements, 1998). For the teaching of geometric concepts, it is
essential to include exploratory examples, relevant and irrelevant examples, reverse examples, best
examples and different representations in classes (Clements, 1998; Cross, Woods, & Schweingruber,
2009). At the same time, geometry instruction needs to go beyond typical instructional materials
(textbooks, exercise books, etc.) to enrich children’s learning. Children need materials that describe their
own experiences. Particularly for elementary school children, geometric shapes and materials should
be used in classes as concrete learning tools (Clements, 1998). These support children’s development in
areas such as problem solving, communication and assumption, which are defined as essential
mathematical skills by the NCTM and the Ministry of National Education. Learning by doing, touching
and moving also helps develop a sense of geometric concepts. It is a widely accepted fact that
environments where children can construct their own mathematical concepts contribute to the
development of geometric thinking.

Dienes’ Theory and Principles

Dienes considers the learning of the concept of mathematics as a process which covers
abstraction, generalization and transfer (Dienes, 1960, pp. 18). Although he seems to have largely
adopted Piaget’s views, Dienes contributed significantly to cognitive psychological views on learning
mathematics (Olkun & Toluk Ucgar, 2012; Post & Reys, 1979). Dienes' main concern was the early
learning of mathematical concepts. He argued that the teaching of these concepts should make more
use of manipulative materials and play (Wisthoff cited in Gningue, 2006, pp. 41). In his own
mathematics education theory, Dienes focused on the use of discovery type activities and student-
centered manipulative materials (Fossa, 2003). He experimented with a group of constructed materials
and postulated a series of principles for the use of these tools (Dienes, 1960; Dienes & Golding, 1971).
Known by the name of “Dienes’ principles”, these include "constructivity, dynamism, perceptual variability
and mathematical variability™ (Dienes, 1960). Dienes integrated mathematical structure with these
principles that he developed. The four principles that are based on embodiment are explained below:

1- Constructivity Principle: This principle echoes the belief that children should be allowed to
develop their concepts intuitively by starting from their own experiences (Cathcart, Pothier, Vance, &
Bezuk, 2003; Olkun & Toluk Ugar, 2012; Post, 1981). In order for learning to take place in line with the

1 This ordering is in line with Dienes’ book (1960) Building up Mathematics.
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constructivity principle, the use of concrete materials is vital. Constructivity principle is based entirely
on the constructivist approach. Studies on this approach show that it increases students” mathematical
success, gives them higher order thinking skills, and positively influences their interest and attitudes
for the mathematics course (See Arseven, 2010; Ayaz & Sekerci, 2015; Caglar, 2010; Duatepe Paksu &
Ubuz, 2009; Isik & Cagdaser, 2009).

2- Dynamic Principle: Dienes argues that all abstraction and thus all mathematics comes from
experience and that concept development is based on a psycho-dynamic process. He states that
experiences and learning should be planned within a process of consecutive cycles (Dienes, 1960). This
process has been dubbed the "dynamic principle" by Dienes himself (Dienes, 1960; Dienes & Golding,
1971). In his dynamic principle, Dienes views the true understanding of a new concept as an
evolutionary process which temporarily involves the student in three stages of activities: preliminary,
structured and practice/reflective (Olkun & Toluk Ugar, 2012). The assumption is that, as long as
activities in each stage are covered at the right time, mathematical concepts will be constructed
gradually with their help (Dienes, 1960). The dynamic principle involves play-based instruction. Play-
based or play-supported mathematics education studies have shown that play affects students” success,
interest levels and attitudes (Altunay, 2004; Yigit, 2007; Yiicel Yumusak, 2014).

3- Mathematical Variability Principle: When the related variables in a concept are held constant
and unrelated ones are systematically changed, this concept may be perceived under different
conditions and the generalization of the mathematical concept is reinforced (Olkun & Toluk Ugar, 2012;
Post, 1981). In the mathematical variability principle process, concepts with variables should be learned
via experiences that include the largest number of variables possible. The mathematical variability
principle needs to be considered in the development of van Hiele geometric thinking (Hoffer, 1983).

4- Perceptual Variability Principle: This principle involves variables having a large influence area
in concept development and offering children various perceptual aspects of the same conceptual
structure in the learning environment so that they can understand abstraction (Dienes, 1960, 1964;
Olkun & Toluk Ugar, 2012). Similar to the previous principle, perceptual variability also contributes to
the development of van Hiele geometric thinking (Hoffer, 1983).

The common point of the four principles explained above (constructivity, dynamic, mathematical
variability and perceptual variability principles) is that they show the importance of direct interaction with
the environment in mathematics education. Dienes continuously emphasized that mathematics
education is not a passive job, but asks for active physical and mental participation from students
(Olkun & Toluk Ugar, 2012; Post & Reys, 1979; Post, 1981). Dienes also stated that mathematical concept
development occurred in children with a psychodynamic process and that students’ learning
experiences should be organized according to these principles and levels (Dienes, 1960).

An Overview of Studies on the Variables of Geometry and Dienes’ Principles

The literature reviewed for the present study shows that both national and international studies
have been conducted into the teaching of geometry topics and the use of Dienes' principles in the
instructional process. Studies at the elementary school level include the use of different approaches in
geometry education (Efendioglu, 2006; Olkun, 2003; Olkun, Altun, & Smith, 2005; Olkun & Sinoplu,
2008; Terzi, 2010; Tutak, 2008; Tutak, Tiirkdogan, & Birgin, 2009). Different methods, techniques and
strategies have been used in geometry education. Some researchers (Siew, Chong, & Abdullah, 2013;
Siew & Chong, 2014) have based their studies on van Hiele’s theory that geometric thinking is formed
by passing through certain stages (van Hiele, 1959). Their studies on elementary school geometry
education (grades 1 through 4) focused on van Hiele's geometric thinking levels and instructional
stages. These studies have shown that instruction designed in line with van Hiele’s levels and
instructional stages have an important effect on student success (See Siew et al., 2013; Siew & Chong,
2014).
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Similarly, many researchers (Gecu & Satici, 2012; Meng & Sam, 2013; ézgaklr Stimen, 2013;
Zaranis, 2014) studied the effects of technology use on geometry success as it gives students many
opportunities to learn in mathematics education (Albaladejo, Garcia, & Codina, 2015; Battista, 2002;
Olkun & Altun, 2003). Their studies have confirmed that technology-supported geometry instruction at
elementary school increases student success (See Efendioglu, 2006; Gecu & Satici, 2012; Meng & Sam,
2013; Olkun & Sinoplu, 2008; Ozgaklr Stimen, 2013; Tutak, 2008; Tutak et al., 2009; Zaranis, 2014).

Certain other researchers (Faggiano, 2012; Sar1 & Bulut, 2013; Tutak, 2008) chose to investigate
the effects of concrete material use on geometry success (Dienes, 1960). Studies conducted with 1st-4th
graders revealed that concrete material use positively affects students” geometry success (See Faggiano,
2012; Martin, Lukong, & Reaves, 2007; Sar1 & Bulut, 2013; Tutak, 2008).

In studies that made direct use of Dienes' principles (Gningue, 2000, 2006; Sriraman & English,
2005; Velo, 2001; Zhang, 2012), these principles were shown to enable the students to construct the
abstractions and generalizations at the heart of mathematical ideas. The literature reports that Dienes'
principles were found to contribute to students” mathematics success, to allow them to construct the
abstractions and generalizations at the heart of mathematical ideas, provide students with novel
experiences in concept development, and make meaning of the abstraction which is present in the
nature of mathematics by perceiving the instructional process as a game (Gningue, 2000, 2006; Sriraman
& English, 2005; Velo, 2001; Zhang, 2012).

Both national and international studies on geometry and the use of Dienes' principles in the
instructional process have certain limitations. Particularly in Turkey, the practices employed in
geometry studies at elementary school level (technology use, instructional approaches, etc.) were found
to help students learn. However, the fact that geometry still emerges in many international exams
(TIMSS, PISA) as one of Turkish students” weaknesses (Ministry of National Education [MEB], 2014, pp.
25) suggests that experiments do not last and they cannot be reflected in overall practices.

By the same token, studies using Dienes' principles were mainly conducted with more
advanced grades (secondary school and above) and had positive effects on learning. Other observations
were that most studies did not cover all of Dienes' principles (constructivity, perceptual variability,
mathematical variability and dynamic principles) and that they were conducted overseas. Mathematics
education studies in Turkey largely focus on general instructional methods (discovery learning,
problem-based learning, drama-based learning, etc.) (Cilingir, 2015; Duatepe Paksu & Ubuz, 2009;
Oksiiz & Ucga, 2011; Yiicel, 2009), do not seem to be fully familiar with Dienes or his principles, and do
not include any study dealing with principles developed solely for teaching mathematics, thus creating
the need for the present study. Also, it is evident that Dienes' stages of the mathematics learning process
were treated separately in many studies (Arseven, 2010; Ayaz & Sekerci, 2015; Caglar, 2010; Cilingir,
2015; Isik & Cagdaser, 2009; Oksiiz & Ucga, 2011; Yiicel, 2009). It was believed that geometry education
would benefit from considering the entirety of the principles of Dienes, who was a mathematician
himself, studied mathematics education directly and believed in constructivism and active learning
(Olkun & Toluk Ugar, 2012).

Another difference between this study and others is that the separately treated mathematics
education strategies and methods of previous studies (learning through games, discovery learning, van
Hiele thinking levels, etc.) are treated together in this study based on the constructivist approach. It is
hoped that the 4th grade geometry and measurement lesson plans designed for this study will constitute
an example for the learning situations created by the constructivist approach used in the 2015
Elementary Mathematics Curricula, become a resource for teacher candidates, and contribute to the
literature. The present study focuses on examining the effects of 4th grade geometry instruction in line
with Dienes' principles on student learning and its retention. To this end, answers were sought to the
following problems and sub-problems:
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Problem: What are the effects of geometry instruction on 4th graders’ geometry success and
retention levels in Experimental Groups 1 and 2, which offer instruction based on Dienes' principles,
and in the Control Group, which the researcher does not intervene with?

Sub-problem:s:
1) Is there a significant difference:

a) between Experimental 1, Experimental 2 and Control groups considering their "Geometry Level
Identification Test” posttest mean scores corrected according to the pretest scores?

b) within Experimental 1, Experimental 2 and Control groups considering their "Geometry Level
Identification Test” (pretest-posttest) mean scores?

2) Is there a significant difference;

a) between Experimental 1, Experimental 2 and Control groups considering their "Geometry Level
Identification Test” retention test mean scores corrected according to the posttest scores?

b) within Experimental 1, Experimental 2 and Control groups considering their “Geometry Level
Identification Test” (posttest-retention test) mean scores?

The study is limited to the 4th grade geometry and measurement (area and circumference)
objectives listed in the Elementary Mathematics Program (2009) which was in effect during the 2014-
2015 school year as well as the year when the study was conducted.

Method

Study Design

This study was designed as a pretest-posttest control group quasi-experimental study
(Biiytikoztiirk, 2014). Quasi-experimental models are preferred when the controls necessitated by true
experimental models cannot be achieved or are not adequate (Karasar, 2012, pp. 99). In this design,
effort is made to match participants from spontaneously formed groups (Biiyiikoztiirk, Cakmak,
Akgiin, Karadeniz, & Demirel, 2009, pp. 206). The study used the quasi-experimental design as
participants did not have the chance to be assigned randomly to the experimental and control groups.
Even though the pretest-posttest control group design is a powerful research model, it also harbors a
set of weaknesses such as the risk of a reduction in participant sensitivity due to the repeated use of
measurement tools in the groups. That is why a certain time lapse is recommended between the
completion of the experiment and the follow-up study (Heppner, Kivlighan, & Wampold, 1999). The
present study conducted a retention test three weeks after the experimental implementation to check
whether the effects of the instruction were still continuing.

Study Group

The study group included students from selected 4th grades of three state elementary schools
at middle socio-economic level which were located in Nevsehir. The study group was chosen with the
group matching method. This method involves choosing groups that are equal and/or similar to each
other regarding the study variables (Eckhardt & Ermann cited in Biiytikoztiirk, 2014, pp. 22). In this
study, 4th graders from three different schools took the "Geometry Level Identification Test” so that
groups could be matched. The means and standard deviation values of the scores that groups obtained
from this pretest are shown in Table 1.
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Table 1. Means and Standard Deviation Values of Scores Obtained by Experimental 1, Experimental 2
and Control Groups in the Geometry Level Identification Pretest

Diizey Belirleme Testi* N X Ss

Groups 31 28.55 14.23
Experimental 1
Experimental 2
Control 25 31.72 13.46

* The highest possible score from the test is 76.

29 33.31 13.35

As shown in Table 1, the geometry level identification test mean scores of Experimental Groups
1 and 2 and the Control Group were x = 28.55, x = 33.31 and x = 31.72, respectively. The mean scores of
the groups were compared by using One Way Analysis of Variance (ANOVA) (Biiyiikoztiirk, 2010, pp.
48-54; Can, 2014, pp. 147-158). ANOVA results are given in the findings and interpretations section of
the study.

The study used two different experimental groups in order to explore any differences created
by the class teacher or the researcher. In other words, the aim was to reveal the effects, if any, of the
class teacher or the researcher on the instructional process. It is important to establish whether the
teacher or the researcher may be a variable influencing the experimental study, and whether the results
depend on individuals.

The aim in choosing 4th graders as the study group was to reveal their state as they finish
elementary school as mathematics is a field in which prerequisite relationships were strong. This grade
was chosen as success during the last year of elementary school predicts success in future grade levels
(Bloom, 2012, pp. 38-43) and as 4th grade geometry objectives cover early learning as well. In addition,
students graduate from the first stage of basic education at the end of 4th grade and their geometry
objectives achievement levels at this point constitute a topic of interest. 1t is also worth noting that the
objectives investigated in the present study were largely those that 4th graders were acquainted with
for the first time.

The schools were chosen from the middle socio-economic level because of a reluctance to
include in the study extreme examples which might bring in very positive or negative factors (at least
with regard to resource factors). Also, the aim was to examine and interpret data from
ordinary/mainstream schools.

Data Collection Tools

While collecting data for the present study, both the experimental and control groups were
given the 76-item "Geometry Level Identification Test” developed by the researcher as pretest, posttest
and retention test. This 4th grade level identification test was based on the objectives listed in the
Geometry (Angles and Angle Measurements, Triangles, Squares and Rectangles, Pattern and
Decoration, Symmetry and Geometric Objects Sublearning Domains) and Measurement (Circumference
and Area Sublearning Domains) domains of the "Elementary 1-5 Mathematics Program” (MEB, 2009).
This study is limited to the learning domains and objectives included in 2015 Elementary Mathematics
Program (grades 1-5). After identifying the objectives in the learning domains, 3 to 5 multiple choice
questions were written to measure each objective. Some of the questions were adapted from other
sources (Morpakampus.com; Mutlu Yayincilik, 2014; Okulistik.com) and others were written by the
researcher.
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As the questions were written, tables of signs were prepared for content validity. In these tables
of signs, multiple choice questions were prepared for the 24 objectives related to the "Geometry (Angles
and Angle Measurement, Triangles, Squares and Rectangles, Patterns and Decoration, Symmetry and
Geometric Objects Sublearning Domains) and Measurement (Circumference and Area Sublearning
Domains) Learning Domains and Sublearning Domains". The total number of questions was 103. In
order to check whether the questions had content validity, they were sent for the review of class teachers
who have taught or are teaching fourth grade (3 teachers), mathematics educators (1 professor, 1
assistant professor and 1 research assistant), a program development expert (1 associate professor) and
a measurement and evaluation expert (1 assistant professor). Assessments were made with the criteria
given in Table 2. In addition, the intelligibility and feasibility of the questions were tested through a
pilot trial with two fifth graders.

Table 2. Evaluation Criteria for the Questions in the Pilot Trial

A sample question from the pilot trial:
Learning Domain: Geometry
Sublearning Domain: Angle and Angle Measurement

Objective: The student names the angle and indicates it with its symbol.

In math class, Emel draws an angle and names it. The

she uses symbols to represent the same angle that she
drew in a different way. Which of the below N
representations is wrong?

A)ZNIiL BYZN «©) ZINL D) ZLNi
L

Valid Question Invalid Question Must Be Corrected Your Suggestion
Must Be Corrected

In order to conduct item analysis on the level identification test questions revised upon expert
feedback, they were implemented on a total of 261 students in two groups: the group with no
information (4th grades) and the group with prior information (5th grades). The scores obtained from
this implementation were used to calculate item difficulty index (p), item discrimination index (rjx) and
reliability coefficient (KR-20). Items with an item difficulty level outside .40-.70 were excluded from the
test (Turgut, 1990, pp. 267), and those with a discrimination index of .30 and above were included
(Tekin, 1991, pp. 249). The general difficulty value of the test was (p)=.55 and its KR-20 reliability
coefficient was .912. As a result, the 76-item level identification test for elementary students was
obtained. Thinking that it would be difficult to take this test in one sitting, it was divided into
sublearning domains (angles and angle measurement, squares and rectangles, area and circumference)
and given in three sessions (25, 26 and 25 items). The students were given one class hour for each test.

The Instructional Process

The main implementation for both experimental groups and the control group took 39 class
hours (approximately 10 weeks). In all three groups, the implementation was complete within the 10th
week. After a three-week gap, the groups were given a retention test. Mathematics classes in the
experimental and control groups were four hours weekly. The decision to allocate groups as
experimental or control was made on the basis of convenience of study and easy dialogue with the
teacher. Information about the process in the experimental and control groups is given below under the
subtitles “Studies in the Experimental Groups” and “Studies in the Control Group”.
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Studies in the Experimental Groups:

In Experimental Groups 1 and 2, the instruction was based on Dienes' principles. In
Experimental Group 1, the instructional activities based on Dienes' principles were implemented by the
class teacher. Prior to the experiment, the class teacher was given information by the researcher about
the processes to be experienced. First, the teacher was informed about Dienes' principles and the
processes behind these principles were explained practically. Sample course plans and instructional
tools were described to the teacher. The teacher in Experimental Group 1 received training twice weekly
for three weeks. The tools and materials necessary for the lessons were supplied by the researcher. The
researcher gave the tools and materials and information about them to the class teacher.

In Experimental Group 2, the researcher implemented the instructional process based on
Dienes’ principles. Prior to the experiment, students spent four class hours with the researcher in order

to become familiarized.

Experimental Groups 1 and 2 both followed the lesson plans developed by the researcher in line
with Dienes' principles. As these lesson plans were being developed, theories, articles and theses on
Dienes’ principles were examined (Dienes, 1960; Dienes & Golding, 1971; Olkun & Toluk Ugar, 2012;
Post, 1981; Sriraman, 2008; Sriraman & English, 2005). Following this, field experts were consulted (1
professor, 1 associate professor, 1 assistant professor) and the “Dienes' Principles Criteria Set” was
developed by the researcher in order to effectively design lesson plans to be used in the instructional
process. This criteria set covers Dienes' principles (dynamic principle, perceptual variability principle,
mathematical variability principle and constructivity principle) and is presented in Table 3.

Table 3. Dienes’ Principles Criteria Set

Critical Behaviors Critical Behaviors

Critical Behaviors

Critical Behaviors

Regarding the Dynamic = Regarding the Regarding the Regarding the
Principle: Perceptual Variability Mathematical Constructivity
Principle: Variability Principle:  Principle:

¢ Children understand
that even though a
concept/shape is in a
different direction or
position, it still has

A- In play activities:
e Children get ready for
class.
¢ Give their interest.
e Come in contact with

real life. the same qualities.
B- In semi-structured ¢ Recognizes
activities: perceptual equals of

e Children can use
previous knowledge.

the same concept

(representing the
e Reveal relationships.
e Reveal patterns.

C- In structured activities:
e Children reach

concepts.

e Reach rules.

concrete materials).

e Reach formula.
e Reach definitions.

¢ Children understand
that when the
variables related to a
concept/shape are
held constant,
systematically
changing irrelevant
variables will not
change the qualities
of the concept/shape.

concept with different e Grasps a concept

through an
experience including
the highest number of
variables.

e Children construct
knowledge and reach
the
concept/rule/formula/a
nalysis by themselves.

o Transfers learned
information to new
situations.
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Within the frame of the specified criteria set (Table 3), lesson plans were prepared for the 24
objectives in the MEB (2009) mathematics program. As lesson plans were being prepared, interrelated
objectives were linked to transfer activities. In Experimental Groups 1 and 2, symbols were developed to
remind the class teacher and the researcher of all of Dienes' principles. The symbols were inserted in the
relevant places in the lesson plans. These symbols designed in line with the principles are shown in

Figure 1.
¢ 7 = AN NS *
_,.c..’/T— = l"'l_—-'_____-- rl"f ‘*
Play stage Semi-structured Structured Perceptual Mathematical Drymnamic
activities activities variability variability variability
principle principle principle

Figure 1. Symbols Developed for Dienes' Principles

The criteria set (Table 3) was used to prepare the following sample lesson plan to be used in the
experimental groups:

In the first of the three stages of the dynamic principle, the play stage, students were made to
play tetris over the internet, referring to the circumference sublearning domain. One of the members in
all groups were allowed to play this game. Later students were told that they could also make tetris
pieces themselves. Each child was distributed unit squares to make 4 (tetromino) tetris pieces. They
were asked to form different tetrominos by using the squares they were given.

In another dimension of the dynamic principle, semi-structured activities, children made
various animal figures, houses, etc. by using the 4 (tetromino) tetris pieces they used in the free play
stage. Then, they were requested to form planar shapes with their 4 tetris pieces. They were asked
whether the shapes they made had circumference length and their answers were elicited. They were
then asked: “How about calculating the circumference length of planar shapes?” After having been told
that 5 (pentomino) tetris pieces were also possible, they were distributed 5 tetris pieces by the teachers.
The children were asked to use these pieces to form those planar shapes that they knew.

In the final dimension of the dynamic principle, concept reaching, children were requested to
draw planar shapes with 5 (pentomino) tetris pieces on plotting paper and were asked how they would
calculate circumference length. Then they were told to find how many unit sides were present in the
circumference of the pieces they drew. In this process, they were guided to reach the idea (concept) that
circumference length is the sum of side lengths of the shapes.

Within the scope of the mathematical variability principle, students were asked to first use
different materials to form planar shapes with the same and different circumference lengths (geometry
board, tetris pieces, etc.) and then change their direction and position. Circumference measurements
were then repeated with the new direction and position. In this way, students were led to understand
that changed direction and position do not change circumference length.

Within the scope of the perceptual variability principle, children were distributed 5 tetris parts,
geometry board, toothpicks and matchsticks so they could make planar shapes. The children were asked
to make different planar shapes by using these materials. With the activities, children were enabled to
reach mathematical concepts by seeing perceptual equals (with different materials) of the same
conceptual structure (planar shape).
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An effort was made to ensure the following in the worksheets, which were designed by
considering the critical behaviors in Dienes criteria set and the principles of constructivist learning
environments: 1) interest in the topic, 2) activities geared towards the topic, 3) students questioning and
changing their thinking, and 4) the processes of transferring new information to other situations
(Demircioglu & Atasoy, 2006, pp. 19).

For example, in the interest dimension, worksheets were given attractive titles as well as cartoons,
pictures, page decorations, puzzles and riddles. In the activities stage, worksheets were prepared on the
topics included in the instructional process. The students were given instructions about these activities.
They were also supplied with graphs and tables to transfer their new information. In the questioning and
changing of thinking dimension, students could link new and existing information with the help of staged
instructions. Finally, in the transfer processes, the new information was transferred into other situations.
In order to do this, activities such as problem solving, poetry writing, collating a dictionary of geometry
were used.

Studies in the Control Group:

In the Control group, the class teacher was informed about the purposes and stages of the study
(pretest, posttest and retention test) prior to the pretest. She was guaranteed that she would not be told
how to plan her instruction but it was mentioned that it would be essential for her to focus on the
objectives specified during the class hours. As the study investigated the effectiveness of the
instructional process, the focus in the control group was merely to follow instruction based on the
objectives. Throughout the study, contact was maintained with the class teacher.

The class teacher in the control group taught her course by using the learning activities included
in te guidebooks recommended by the Ministry of National Education. During and after classes,
students completed activities given in exercise books. The teacher did not make effective use of
mathematics teaching tools or materials.

This class teacher was observed in the instructional process for 10 weeks by the designer. The
observations during these 10 weeks showed that the control group teacher remained loyal to the 24
objectives treated in the study as well as the 4th grade teachers’ guidebook and students’ text and
exercise books approved by the Ministry of National Education.

Data Analysis

In the pretest, posttest and retention test stages of the study, "Geometry Level Identification
Test” scores were interpreted by paired-sample t-test and “One-Way Analysis of Covariance" (One-way
ANCOVA) (Biiyiikoztiirk, 2010; Can, 2014). The analyses were performed on SPSS 15.00 package
program. The independent variable in the study was instruction based on Dienes' principles, while the
dependent variable was student success in geometry.

Paired-sample t-test was used in the study to identify whether there is a statistically significant
difference between the mean data obtained from two consecutive measurements (pretest-posttest;
posttest-retention) over the same data source (measurement tools) (Can, 2014, pp. 136).

When groups are not formed spontaneously and randomly in experimental studies, analysis of
covariance (ANCOVA) needs to be used. The aim in using ANCOVA is to eliminate the covariates
which have a relationship with dependent variables. Where there is a strong relationship between
dependent variables and covariates and this relationship is removed from the analysis, ANCOVA yields
more accurate results than ANOVA. This increases the correlations of measurements (Tabachnick &
Fidell, 2012, pp. 19-20; 197). In an experimental study, if the researcher is examining whether a given
procedure is effective or not, the most appropriate statistical operation to use is analysis of covariance
(Biiytiikoztiirk, 2010, pp. 112). In this study, Bonferroni correction was preferred as it is more sensitive
than Sidak (Can, 2014).
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Findings and Interpretations

Findings and Interpretations Regarding the Difference in the Pretest and Posttest Scores of
Experimental and Control Groups

Prior to giving the findings regarding the first sub-problem, the ANOVA results of experimental
and control students’ geometry level identification pretest scores are given in Table 4.

Table 4. ANOVA Results of the Geometry Level Identification Test Pretest Scores of Experimental
Groups 1 and 2 and the Control Group

Groups N sd Mean of Squares F p*
Between Groups 353.123 2 176.561 939 395
Within Groups 15422.924 82 188.084

Total 15776.047 84

*p<.05

The results of the one-way analysis of variance (ANOVA) conducted to identify whether there
was a significant difference between the geometry level identification pretest mean scores of the study
groups (Table 4) showed that no significant difference existed between the groups [Fp2-s21= .939, p> .05].
This means that the groups had identical geometry level identification test pretest scores.

The first subproblem of the study concerned whether there was a significant difference in the
mean scores of "Geometry Level Identification” pre- and posttests within and between groups. In order
to find this, analysis of covariance (ANCOVA) was used first to compare the mean scores within the
groups. Data from the analyses are presented in Tables 5, 6 and 7.

Table 5. True Posttest Scores of Groups and Their Posttest Scores Corrected According to Pretest
Scores

Posttest™ Corrected Posttest
Groups N x s.error x s.error
Experimental 1 31 55.84 2.370 57.75 1.587
Experimental 2 29 61.07 2.293 59.43 1.637
Control 25 41.44 2.398 40.98 1.756

* The highest possible score from the geometry level identification test is 76.

The "Geometry Level Identification Test” true posttest mean scores were 55.84 in Experimental
Group 1, 61.07 in Experimental Group 2, and 41.44 in the Control Group (Table 5). The ANCOVA results
showing whether the difference observed between the corrected mean scores of groups was significant
or not can be seen in Table 6.

Table 6. ANCOVA Results on Geometry Level Identification Posttest Scores Corrected According to
Pretest Scores

Source of Variance Sum of Squares sd Mean of F p* n?
Squares

Pretest (Regresyon) 8564.762 1 8564.762 111.151 .000

Groups (Posttest) 5491.778 2 2745.889 35.635 .000  .468

Error 6241.454 81 77.055

Total (Corrected) 262548.000 84

*p<.05
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The ANCOVA results (Table 6) showed a significant difference between the geometry level
identification posttest mean scores corrected according to the pretest scores, Fes1 = 35.635, p<.05. In
other words, the method used in the groups affected student success. The impact size value (n)?) of the
difference was .468. This means that the independent variable had a large impact on the dependent one
(Cohen, 1977). In other words, instruction based on Dienes’ principles had a large effect on geometry

success in the Experimental groups.

The Bonferroni multiple comparison test was conducted to see which group was favored by the
difference between the corrected posttest scores. The Bonferroni test results are shown in Table 7.

Table 7. Bonferroni Results of the Corrected Geometry Level Identification Posttest Scores

Difference between

Groups Groups Mean Scores s.error P Source of Difference
- T Experimental 2 -1.682 2.239 1.000
i t
xperimenta Control 16.762* 2370 .000*
EXperimental ]. 1682 2239 1000 Experimental]_)(:ontrol
Experimental 2 .
Control 18.444* 2.398 .000*  Experimental2>Control
Experimental 1 -16.762* 2.370 .000*
Control .
Experimental 2 -18.444* 2.239 .000*
*p<.05

According to the results of the Bonferroni Multiple Comparison Test which was conducted to
reveal the differences between the corrected geometry level identification posttest scores of the groups
(Table 7), the success of the instructional process in Experimental Groups 1 and 2 ( X Experimental 1 = 57.75
and X Experimentalz = 59.75), was significantly higher than that in the Control Group ( X control = 40.98). No
significant difference was found between the success levels of Experimental Groups 1 and 2. The
findings suggest that instruction based on Dienes' principles offered in the experimental groups by the
class teacher and the researcher was more effective than the instructional process in the control group
in reaching the objectives of the geometry and measurement (area and circumference) learning domains.

In another dimension of the first subproblem, paired samples t-test (paired samples t-test) was
conducted to see whether a significant difference existed within the groups regarding "Geometry Level
Identification Test” mean scores given as pretest and posttest. The results of these analyses are shown
in Table 8.

Table 8. t-Test Results of Geometry Level Identification Pretest and Posttest Mean Scores of Groups

Groups Measurement N x Ss Sd t p*
, Pretest 31 28.55 14.22
Experimental 1 Posttest 31 55.84 13.92 30 -20.778 .000
. Pretest 29 33.31 13.36
Experimental 2 Posttest 29 61.07 15.02 28 -21.630 .000
Pretest 25 31.72 13.47
Control Posttest 25 4144 1056 24 -3.630 .001
*p<.05
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Table 8 shows a significant difference between the geometry level identification test mean scores
prior to (pretest) and after (posttest) the experiment in Experimental Group 1 [t = -20.778, p<.05]. In
Experimental Group 2 too, there was a significant difference between the geometry level identification
test mean scores prior to (pretest) and after (posttest) the experiment [tes) = -21.630, p<.05]. The control
group also revealed a significant difference between the geometry level identification test mean scores
prior to (pretest) and after (posttest) the experiment [tes) = -3.630, p< .05]. The difference in all three
groups was in favor of posttest mean scores.

An increase was observed from the pretest to posttest mean scores of all three groups at the end
of the instructional process. The increase was 27 points in Experimental Group 1, approximately 28
points in Experimental Group 2 and approximately 10 points in the Control Group. Therefore, the
instructional process in the two experimental groups seemed more effective than that in the control
group. In other words, instruction based on Dienes' principles may be said to be effective in student

learning.

Findings and Interpretations Regarding the Difference in the Posttest and Retention Test Scores
of Experimental and Control Groups

The second subproblem of the study concerned the potential presence of a significant difference
between experimental and control students’ mean scores obtained from the "Geometry Level
Identification Test” used as a posttest and retention-test. To this end, analysis of covariance (ANCOVA)
was performed first to compare the mean scores of the groups. Data from the analyses are presented in
Tables 9 and 10.

Table 9. True Retention Test Scores and Retention Test Scores Corrected According to Posttest Scores

Groups Retention Test Corrected Retention Test
N x s.error x s.error
Experimental 1 31 48.77 2.345 46.34 1.443
Experimental 2 29 55.03 2.091 47 41 1.566
Control 25 34.80 2.531 46.66 1.779

The true retention test mean scores of the groups from the "Geometry Level Identification Test”
were 48.77 in Experimental Group 1, 55.03 in Experimental Group 2, and 34.80 in the Control group
(Table 9). ANCOVA analysis was performed to explore whether the difference observed between the
corrected mean scores of the groups was significant. The analysis results are given in Table 10.

Table 10. ANCOVA Results of Geometry Level Identification Test Retention Scores Corrected
According to the Posttest Scores of Groups

Source of Variance Sum of Squares sd  Mean of Squares F p* n?
Posttest (Regression) 14578.669 1 14578.669 228.775  .000

Groups (Retention) 16.866 2 8.433 132 876* .003
Error 5161.715 81 63.725

Total (Corrected) 211598.000 84

*p<.05
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According to ANCOVA results (Table 10), no significant difference was found between the
retention-test mean scores of the participants corrected according to their geometry level identification
posttest scores, Fe-s1=.132, p>.05. The impact size value of the difference (n?) was .003. The impact size
coefficient reveals a small impact (Cohen, 1977). No difference in retention test mean scores in any group
means there was no difference between students state or amount of forgetting learned information. In
other words, there was no significant difference between the information retention levels of the three

groups after three weeks as evidenced by their posttest mean scores.

In another stage of the second subproblem, paired samples t-test was performed to explore
whether there was a significant difference between the mean scores of the "Geometry Level
Identification Test” used at the end of the experimental process (posttest) and three weeks after the

experiment (retention test). The results are shown in Table 11.

Table 11. t-Test Result of Geometry Level Identification Posttest and Retention Test Mean Scores of
Groups

Groups Measurement N X Ss Sd t p*
. Posttest 31 55.84 13.92
Experimental 1 . 30 7.280 .000
Retention 31 48.77 15.92
. Posttest 29 61.07 15.02
Experimental 2 . 28 5.994 .000
Retention 29 55.03 18.45
Posttest 25 41.44 10.55
Control 24 2.764 .011
Retention 25 34.80 10.40
*p<.05

As shown in Table 11, there was a significant difference between the mean scores of the
geometry level identification test used as posttest and retention test in Experimental Group 1 [teo) =
7.280, p< .05]. In Similarly, Experimental Group 2, a significant difference was found between the mean
scores of the geometry level identification test used as posttest and retention test [tes) = 5.994, p<.05]. In
the control group, where the effects of the activities in the Ministry of National Education’s guidebook
on student success was investigated, a significant difference emerged between the mean scores of the
geometry level identification test used at the end of the experiment (posttest) and three weeks after its
completion (retention test) [t = 2.764, p<.05].

In all three groups, students forgot some of the learned information in the three weeks following
the instructional process. In Experimental Group 1, there was a 7-point regression in the retention test
over the 17 points gained in the posttest. In Experimental Group 2, six out of the 18 points gained in the
posttest were lost. In the Control Group, approximately 7 out of the 9 points gained in the posttest were
lost. Even though some information was lost to all groups, experimental students remembered most of
the information they learned. In the control group, however, students regressed back to their pretest
mean scores and forgot almost all the information they had learned in the three weeks following the
study. In sum, all groups revealed a decrease between 5-7 points in retention mean scores as compared
to posttest mean scores. This suggests that if the instructional process is not maintained, there may be

problems in retention of learning.
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Considering the findings from all subproblems of the study, it may be stated that learning
activities based on Dienes’ principles affect student success positively. It may be argued that the learning
experiences offered to control students were not as effective as those offered to experimental students.
Retention test findings, on the other hand, revealed that even though a significant difference did not
exist between the mean scores of the three groups, experimental groups retained the information more

than the control group.

Conclusion, Discussion and Recommendations

The present study investigated the effects of geometry activities based on Dienes' principles on
student success and retention of learning. The findings showed that learning environments based on
Dienes' principles were more effective than those based on guide, text and exercise books. In other
words, the changes in the geometry success scores of students in both experimental groups were
significant as compared to the change in the academic success scores of control students.

There may be two reasons why instructional environments based on Dienes' principles
significantly affect students’” academic success. The first reason is that Dienes' principles are thought to
provide children with opportunities to learn mathematical concepts over many diverse experiences. In
Dienes' learning environments, students experience processes such as starting the mathematical process
with play, use of manipulative materials, active physical and mental involvement, maximum concept
development experiences (the perceptual variability principle) and revealing the relevant/irrelevant
aspects of concepts (the mathematical variability principle). Evidence that Dienes' principles facilitate
the effective learning of mathematical concepts parallels other findings in the literature (Gningue, 2000,
2006; Sriraman & English, 2005; Velo, 2001; Zhang, 2012). For instance, in a study with secondary school
students, Gningue (2000) concluded that instruction based on Dienes' variability principles helped
enable students to succeed in algebraic operations. Another study by the same author used Dienes’
perceptual and mathematical variability principles to teach the concept and processes of equation, and
reached success in both groups (6th and 7th grades). Classroom learning reached a success level of over
80% (Gningue, 2006).

Similarly, a study by Zhang (2012) revealed that activities based on Dienes’ principles changed
children’s fraction concept images positively. The learning environment in line with Dienes' principles
led to an increase in students’ test performance, enrichment of their fraction concept images, and
development of their conceptual understanding. Studies by Sriraman and English (2005) and Velo
(2001) also corroborate the findings at hand regarding the significant effects of Dienes' principles on

student success.

The second reason for the increased success of both experimental group students may be the
constructivity principle, which is the core of Dienes’ principles. With the "constructivity" principle, the
environment is prepared by the teacher as students construct their mathematical concepts and
information. By the end of the learning process, students reach a principle, rule or formula by
themselves. As in the existing study, it increases students” mathematics success, develops their higher
order thinking skills, and positively affects their interest and attitudes in the mathematics course
(Arseven, 2010; Ayaz & Sekerci, 2015; Caglar, 2010; Cilingir, 2015; Isik & Cagdaser, 2009).

16



Education and Science 2017, Vol 42, No 190, 1-23 M. H. Sar1 & N. Tertemiz

On the other hand, control students may not have been as successful as their experimental
counterparts as they did not experience Dienes' principles in the classroom environment. In other
words, interviews with and observations of the control group teacher suggested that students in this
group may have been less successful as their instruction did not involve play for the abstraction of
mathematical ideas, manipulative materials were not used sufficiently, physical and mental
involvement was not active, maximum experiences of concept development could not be achieved,
relevant and irrelevant qualities of the concept could not be clarified, and the students were not given
enough opportunities to construct their knowledge. Toptas (2008) study showed that even in the first
grade, teachers used very few concrete materials in geometry instruction, did not let students do the
activities themselves, and did not allow them to learn by doing. In addition, Toptas (2008) claimed that
if the teacher consistently goes over the activities in the mathematics guidebook, textbook and exercise
books in a controlled manner, this denies students the opportunity to reveal themselves. Therefore, it is
worth noting that Toptas emphasized that these activities did not serve their purpose; students did the
learning activities only if they were asked to: and they turned geometric shapes study into a coloring

activity not covered by the learning objectives (Toptas, 2008).

As elementary geometry education affects students’ future education, it may be expected that
students in the control group will experience problems in geometry in the future. In other words, the
high correlation between elementary school success and success in future years, especially starting from
grade three (Bloom, 2012), may mean that failure in national and international exams may be blamed
on elementary school. However, high quality instruction contributes to students’ understanding of the
geometry course and a robust construction of geometry concepts in their minds. For this reason, the
instructional process in the study was based on constructivism, starting mathematics classes with free
play followed by semi-structured and structured activities. The constructivity experiences emphasized
by Dienes formed the backbone of the success of the experimental groups in the study because his
principles offer maximum experiences in concept development and the construction of mathematical
ideas. Particularly in geometry, presenting models in various sizes and positions enables students to

construct geometric concepts (Toptas, 2010).

Similarly, Dickson et al. (1984) emphasize inadequate education among the reasons for failure
in geometry, and state that presenting children with a single shape in different positions makes them
think that the shape has changed. They blame this on the fact that shapes are always presented in one
way. Therefore, when children face non-standard situations, they have difficulty generalizing the
concepts. Dienes' perceptual variability and mathematics variability principles may eliminate such
problems by presenting children with shapes in different directions, positions and sizes, while at the

same time protecting their unchangeable qualities.

Results regarding another subproblem of the study concern the retention test. Three weeks after
the completion of the instructional process, both experimental and control groups took a retention test.
The mean scores from these tests showed that all groups forgot some of the information at a significant
level. In all groups, retention test mean scores fell 5-7 points as compared to the posttest mean scores.
Even though a significant difference did not exist between the retention test scores of the groups, it may
be stated that there was more retention of information in the experimental groups than in the control
group. While in the experimental groups, the 18-19 points of increase in the posttest scores fell by 6-7
points, the control students forgot approximately 7 points out of the 9 points of increase in the posttest.

Consequently, it may be claimed that control students forgot almost all of the information they learned.
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While several experimental studies on elementary mathematics education have concluded that
instructional methods affect children’s retention scores (Altunay, 2004; Kurt, 2015; Yiicel Yumusak,
2014), others have concluded otherwise (Yigit, 2007). Even though the experimental groups in this study
followed games and manipulative materials and went through a more constructive process than the

control group, the significant fall in retention test scores may be attributed to several factors:

To begin with, students in the experimental groups had learning experiences other than Dienes'
principles in the four weeks following the completion of the experiment. In other words, the experiment
in the instructional process was over. The instructional approaches that teachers used afterwards,
moving on to another learning domain of mathematics after the experimental process and a possible
lack of linking between learning domains may have led to the forgetting of some of the information.
Secondly, factors such as the experiment taking place later in the school year and end-of-term fatigue

may also have led to forgetting on the students’ part.

Another reason may be the limited time frame for the instructional process in the experimental
groups. Tertemiz (2005) states in her study on the teaching of numbers that the instructional process in
experimental studies bring temporary learning and that the instructional process must be sustained for
a longer time for the difference in favor of the experimental group to continue. As the literature contain
s no evidence for the effects of Dienes' principles on information retention, it is believed that both the

present study and any future ones on Dienes' principles will contribute significantly to the literature.

The present study has several limitations. Previous studies on Dienes' principles do not offer
information about the permanence of information learned in instructional environments based on these
principles. Therefore, retention test scores from the experimental groups in the present study could not
be compared against findings from other studies. Another limitation of the study has been that students’
geometry success was measured by multiple choice tests designed by the researchers. Therefore, the
effects of learning environments based on Dienes’ principles on students’ higher order thinking skills

could not be clarified.
Based on the results of the study, the following recommendations may be made:

e The present study only focused on 4th grade learning objectives. As most objectives were at
information and concept levels and rarely at implementation level, children’s higher order
thinking skills, which are important in the constructivist approach, could not be adequately
measured. Future studies may examine their assumption skills, preferred strategies, etc, by

using non-routine problems at implementation level and above.

o The present study focused on geometry and relevant measurement areas. In order to raise the
validity of the results, the effectiveness of Dienes' principles may be tested at different learning

domains and grade levels.

¢ Another topic worth studying would be the reasons for the retention results obtained in the
experimental groups. Even though the retention levels in both experimental groups may have
been higher than the control group three weeks after the completion of the instructional process,
there was a certain level of forgetting (5-7 points). Testing retention again with longer intervals

in future studies about Dienes' principles may clarify this issue.

e Future studies may investigate the effects of using play and manipulative materials while
implementing Dienes' principles on students’ affect regarding mathematics (attitude,

motivation, anxiety, etc.).

18



Education and Science 2017, Vol 42, No 190, 1-23 M. H. Sar1 & N. Tertemiz

References

Albaladejo, I. M. R.,, Garcia, M., & Codina, A., (2015). Developing mathmatical compedenciesin
secendary students by introducing dynamic geometry systems in the classroom. Education and
Science, 40(177), 43-58.

Altunay, D. (2004). Oyunla desteklenmis matematik 63retiminin Ogrenci erisisine ve kalicitlia etkisi
(Unpublished master’s thesis). Gazi University, Institute of Educational Sciences, Ankara.

Arseven, A. (2010). Gercek¢i matematik Ogretiminin bilissel ve duyussal o6grenme iiriinlerine etkisi
(Unpublished doctoral dissertation). Hacettepe University, Institute of Social Sciences, Ankara.

Ayaz, M. F., & Sekerci, H. (2015). Yapilandirmac: 6grenme yaklasiminin akademik basariya ve tutuma
etkisi: bir meta-analiz ¢alismasi. Hasan Ali Yiicel Egitim Fakiiltesi Dergisi, 12-2(24), 27-44.

Battista, M. T. (2002). Learning geometry in a dynamic computer environment. Teaching Children
Mathematics, 8(6), 333-339.

Bloom, B. S. (2012). Insan nitelikleri ve okulda dgrenme (D. A. Ozcelik, Trans.). Ankara: Pegem Akademi.
Burns, M. (2007). About teaching mathematics A K-8 Resource. USA: Math Solutions.

Biiyiikoztiirk, $. (2010). Sosyal bilimler icin veri analizi el kitabi (11th ed.). Ankara: Pegem Akademi.
Biiyiikoztiirk, $. (2014). Deneysel desenler (4th ed.). Ankara: Pegem Akademi.

Biyiikoztiirk, $., Cakmak, E. K., Akgiin, O. E., Karadeniz, S., & Demirel, F. (2009). Bilimsel arastirma
yontemleri. Ankara: Pegem Akademi.

Can, A. (2014). SPSS ile bilimsel arastirma siirecinde nicel veri analizi (3rd ed.). Ankara:
Pegem Akademi.

Cathcart, W. G., Pothier, Y. M., Vance, ]J. H., & Bezuk, N. S. (2003). Learning mathematics
in elementary and middle schools. (3rd ed.). New Jersey: Prentice Hall.

Clements, D. H. (1998). Geometric and spatial thinking in young children. National Science Foundation,
Arlington, VA. Retrieved from ERIC databases (ED436232).

Clements, D. H., & Battista, M. (1992). Geometry and spacial reasoning. In D. Grouws (Ed.), Handbook of
research on mathematics teaching and learning (pp. 420-464). New York: Macmillan.

Cohen, J. (1977). Statistical power analysis for the behavioral sciences (Revised ed.). London: Academic.

Cross, C. T., Woods, T. A., & Schweingruber, H. (2009). Mathematics learning in early childhood.
Washington, DC: National Academies.

Caglar, G. (2010). Yapiandirmac: yaklasimin matematik 63retimine (ilkogretim 7. sumflarda) etkisi
(Unpublished master’s thesis). Beykent University, Institute of Social Sciences, Istanbul.

Cilingir, E. (2015). Gercek¢i matematik egitimi yaklasimimin ilkokul 0grencilerinin gorsel matematik
okuryazarli$r diizeyine ve problem ¢ozme becerilerine etkisi (Unpublished master’s thesis). Cukurova
University, Institute of Social Sciences, Adana.

Demircioglu, H., & Atasoy, S. (2006). Calisma yapraklarinin gelistirilmesine yonelik bir model onerisi.
Dokuz Eyliil Universitesi Buca Egitim Fakiiltesi Dergisi, 19, 71-79.

Dickson, L., Brown, M., & Gibson, O. (1984). Children learning mathematics a teacher’s guide to recent
research. London: The Alden Press Ltd, Oxford.

Dienes, Z. P. (1960). Building up mathematics (4th ed.). London: Hutchinson Educational.
Dienes, Z. P. (1964). Insight into arithmetical processes. The School Review, 72(2), 183-200.
Dienes, Z. P., & Golding, E. W. (1971). Approach to modern mathematics. New York: Herder and Herder.

19



Education and Science 2017, Vol 42, No 190, 1-23 M. H. Sar1 & N. Tertemiz

Driskell, S. O. S. (2004). Fourth-grade students’ reasoning about properties of two dimensional shapes
(Unpublished doctoral dissertation). University of Virginia, USA.

Duatepe Paksu, A. & Ubuz, B. (2009). Effects of drama-based geometry instruction on student
achievement, attitudes, and thinking levels. The Journal of Educational Research, 102(4), 272-286.
doi:10.3200/JOER.102.4.272-286

Duatepe Paksu, A., fymen, E. & Pakmak, G. S. (2013). Smif 6gretmeni adaylarimin dortgenlerin
kosegenleri konusundaki kavram goriintiileri. Egitim ve Bilim, 38(167), 162-178. Retrieved from
http://egitimvebilim.ted.org.tr/index.php/EB/article/view/1633/474

Efendioglu, A. (2006). Anlamli 6grenme kuramina dayali olarak hazirlanan bilgisayar destekli geometri
programimn  ilkogretim  dérdiincii simf Ogrencilerinin  akademik basarilarina ve kalicithga etkisi
(Unpublished master’s thesis). Cukurova University, Institute of Social Sciences, Adana.

Faggiano, E. (2012). About physical and technological manipulation in primary and lower secondary school
geometry education. Paper presented at 12th International Congress on Mathematical Education,
COEX, Seoul, Korea.

Fidan, Y., & Tiirniikli, E. (2010). llkdgretim 5.siruf 8grencilerinin geometrik diisiinme diizeylerinin baz
degiskenler agisindan incelenmesi. Pamukkale Universitesi Egitim Fakiiltesi Dergisi, 27, 185-197.

Fossa, A.J. (2003). On the ancestry of Z. P. Dienes's theory of mathematics education. Revista Brasileira
de Historia da Matemitica, 3(6), 79-81.

Gecu, Z., & Satici, A. F. (2012). The effects of using digital photographs with Geometer's Sketchpad at
4th grade. Social and Behavioral Sciences, 46, 1956-1960. doi:10.1016/j.sbspro.2012.05.410

Gningue, S. M. (2000). The use of manipulatives in middle school Algebra: An application of Dienes variability
principles (Unpublished doctoral dissertation). University of Columbia, Columbia.

Gningue, S. M. (2006). Students working within and between representations: An application of dienes's
variability principles, For the Learning of Mathematics, 26(2), 41-47.

Gokbulut, Y. (2010). Swf 6gretmeni adaylarimin geometrik cisimler konusundaki pedagojik alan bilgileri
(Unpublished doctoral dissertation). Gazi University, Institute of Educational Sciences, Ankara.

Gokbulut, Y., & Ubuz, B. (2013). Siuf 6gretmeni adaylarinin prizma bilgileri: Tanim ve Ornekler
olusturma. [lkigretim-Online 12(2).

Heddens, J. W., & Speer, W. R. (1995). Today’s mathematics: activities and instructional ideas. New Jersey:
Prentice-Hall.

Heppner, P. P., Kivlighan, D. M. J., & Wampold, B. E. (1999). Research design in counseling (2nd ed.).
Belmont, CA: Wadsworth.

Hoffer, A. (1983). van Hiele based research. In R.Lesh & M.Landua, (Eds.), Acquisition of mathematics
concepts and process (pp. 201-226). USA: Academic.

Isik, E., & Cagdaser, B. T. (2009). Yapisalci yaklasimla cebir 6gretiminin 6. smif Sgrencilerinin
matematige yonelik tutumlarina etkisi. Kastamonu Egitim Dergisi, 17(3), 941-954.

Inan, H. Z, & Dogan Temur, O. (2010). Understanding kindergarten teachers’ perspectives of
teaching basic geometric shapes: A phenomenographic research. ZDM Mathematics Education,
42, 457-468.

Karasar, N. (2012). Bilimsel arastirma yontemi (24th ed.). Ankara: Nobel.

Kurt, E. S. (2015). Gergek¢i matematik egitiminin uzunluk oOlgme konusunda basart ve kaliciliga etkisi
(Unpublished master’s thesis). Ondokuz Mayis University, Institute of Educational Sciences,
Samsun.

20


http://egitimvebilim.ted.org.tr/index.php/EB/article/view/1633/474

Education and Science 2017, Vol 42, No 190, 1-23 M. H. Sar1 & N. Tertemiz

Martin, T., Lukong, A., & Reaves, R. (2007). The role of manipulatives in arithmetic and geometry tasks.
Journal of Education and Human Development, 1(1). Retrieved from
http://www .scientificjournals.org/journals2007/articles/1073.htm

Meng, C. C., & Sam, L. C. (2013). Enhancing primary pupils' geometric thinking through phase-based
instruction using the geometer's sketchpad. Asia Pacific Journal of Educators and Education, 28, 33-51.

Miller, S. P., & Mercer, C. D. (1997). Educational aspects of mathematics disabilities. Journal of Learning
Disabilities, 30(1), 47-56.

Ministry of National Education. (2009). Ilkégretim matematik dersi 1-5. stmiflar 6gretim programi. Ankara:
MEB - Talim Terbiye Kurulu Bagkanlig1 Yayincilik.

Ministry of National Education. (2014). TIMSS 2011 ulusal matematik ve fen raporu 4. siniflar. Retrieved
from http://timss.meb.gov.tr/wp-content/uploads/TIMSS-2011-4-Sinif. pdf

National Council of Teachers of Mathematics. (2001). Navigating through geometry in prekindergarten-
grade2. Reston, VA.

Olkun, S. (2003). Comparing computer versus concrete manipulatives in learning 2D geometry. Journal
of Computers in Mathematics and Science Teaching, 22(1), 43-56.

Olkun, S. (2005). Tiirkiye'de ilkogretim diizeyinde matematik egitimine program ve islenis agisindan
genel ve elestirel bir bakis. In A. Altun & S. Olkun (Eds.), Giincel gelismeler 1518inda ilkogretim:
matematik, fen, teknoloji, yonetim (pp. 59-76). Ankara: An1 Yayincilik.

Olkun, S., & Altun, A. (2003). Hkégretim ogrencilerinin bilgisayar deneyimleri ile uzamsal diisiinme ve
geometri basarilar1 arasindaki iligski. The Turkish Online Journal of Educational Technology, TOJET,
2(4), 86-91.

Olkun, S., & Aydogdu, T. (2003). Uciincii uluslararasi matematik ve fen arastirmasi (TIMMS) nedir?
Neyi sorgular? Ornek geometri sorular1 ve etkinlikler. [lki§retim-Online 2(1).

Olkun, S., & Sinoplu, N. B. (2008). The effect of pre-engineering activities on 4th and 5th grade students’
understanding of rectangular solids made of small cubes. International Online Journal of Science and
Mathematics Education, 8, 1-9.

Olkun, S., & Toluk Ucgar, Z. (2012). flkdgretimde etkinlik temelli matematik 6gretimi (4th ed.). Ankara: Egiten.

Olkun, S., Altun, A., & Smith, G. G. (2005). Computers and 2D geometric learning of Turkish fourth and
fifth graders. British Journal of Educational Technology, 36(2), 317-326.

Oksiiz, C., & Uga, S. (2011). Matematik dersinde probleme dayali 6grenme iizerine bir 6rnek olay. Adnan
Menderes Universitesi Egitim Fakiiltesi Egitim Bilimleri Dergisi, 2(2), 20-29.

Ozcakir Siimen, O. (2013). GeoGebra yazilimi ile simetri konusunun 63retiminin matematik basarisi ve
kaygisina etkisi (Unpublished master’s thesis). Ondokuz May1s University, Institute of Educational
Sciences, Samsun.

Post, T. (1981). The role of manipulative materials in the learning of mathematical concepts. In M. M.
Lindquist (Ed.), In Selected Issues in Mathematics Education (pp. 109-131). Berkeley, CA: National
Society for the Study of Education and National Council of Teachers of Mathematics, McCutchan,
VA.

Post, T., & Reys, R. E. (1979). Abstraction generalization and design of mathematical experiences for
children. In K. Fuson & W. Geeslin (Eds.), Models for mathematics learning (pp. 117-139). Columbus,
OH: ERIC/SMEAC.

Programme for International Student Assessment. (2003). PISA 2003 ulusal nihai rapor. Retrieved from
http://pisa.meb.gov.tr/wp-content/uploads/2013/07/PISA-2003-Ulusal-Nihai-Rapor.pdf

21


http://pisa.meb.gov.tr/wp-content/uploads/2013/07/PISA-2003-Ulusal-Nihai-Rapor.pdf

Education and Science 2017, Vol 42, No 190, 1-23 M. H. Sar1 & N. Tertemiz

Programme for International Student Assessment. (2006). PISA 2006 ulusal 6n rapor. Retrieved from
http://yegitek.meb.gov.tr/dosyalar%5Cdokumanlar%5Culuslararasi/pisa_2006_ulusal_on_raporu.
pdf

Sari, S., & Bulut, S. (2013). Somut materyallerle geometri 6gretiminin dordiincii sinif 6grencilerinin geometri
basarisina ve ders islenisine yonelik diisiincelerine etkilerinin incelenmesi. Paper presented at 12.
Matematik Sempozyumu, Hacettepe University, Ankara.

Siew, N. M., & Chong, C. L. (2014). Fostering students’ creativity through van Hiele’s 5 phase-based
tangram activities. Journal of Education and Learning, 3(2), 66-80.

Siew, N. M., Chong, C. L., & Abdullah, M. R. (2013). Facilitating students’ geometric thinking through
Van Hiele’s phase-based learning using tangram. Journal of Social Sciences, 9(3), 101-111.

Sriraman, B. (2008). The legacy of Zoltan Paul Dienes. In B. Sriraman (Ed.), Mathematics education and the
legacy of Zoltan Paul Dienes (pp. vii-x). Charlotte, NC: Information Age.

Sriraman, B., & English, L. D. (2005). On the teaching and learing of Dienes' principles. ZDM, 37(3), 258-
262.

Student Selection and Placement Center. (2012). 2012 lisans yerlestirme sinavlar: sonuglari. Retrieved from
http://www.osym.gov.tr/dosya/1-60607/h/2012-1yssayisalbilgiler23072012.pdf

Student Selection and Placement Center. (2013). 2013 lisans yerlestirme simavlar: sonuglari. Retrieved from
http://www.osym.gov.tr/dosya/1-69292/h/2013-lyssayisalbilgilerbasin.pdf

Student Selection and Placement Center. (2015). 2015 lisans yerlestirme sinavlar: sonuglari. Retrieved from
http://dokuman.osym.gov.tr/pdfdokuman/2015/LYS/2015LYSSAYISALBILGILER30062015.pdf

Tabachnick, B. G., & Fidell, L. S. (2012). Using multivariate statistics (6th ed.). USA: Pearson.
Tekin, H. (1991). Egitimde dlgme ve degerlendirme (13th ed.). Ankara: Yarg:.

Tertemiz, N. (2005). {lkdgretim ikinci sif matematik dersi sayilar iinitesinin degerlendirilmesi. Gazi
Egitim Fakiiltesi Dergisi, 25(3), 25-45.

Terzi, M. (2010). van Hiele geometrik diisiinme diizeylerine gore tasarlanan 6gretim durumlarimin 6grencilerin
geometrik basari ve geometrik diisiinme becerilerine etkisi (Unpublished doctoral dissertation). Gazi
University, Institute of Educational Sciences, Ankara.

Toptas, V. (2007). [Ikigretim matematik dersi (1-5) 6gretim programinda yer alan 1.stnif geometri 53renme alan
ogrenme-63retme siirecinin incelenmesi (Unpublished doctoral dissertation). Gazi University,
Institute of Educational Sciences, Ankara.

Toptas, V. (2008). Geometri 6gretiminde sinifta yapilan etkinlikler ile 6gretme-6grenme siirecinin
incelenmesi, ilkbgretim Online, 7(1), 91-110.

Toptas, V. (2010). Ilkdgretim matematik dersi (1-5) 6gretim programi ve ders kitaplarinda geometri
kavramlarimin sunulusunun incelenmesi, flkdgretim Online, 9(1), 136-149.

Trends in International Mathematics and Science Study. (1999). TIMSS 1999 ulusal rapor. Retrieved
from http://timss.meb.gov.tr/wp-content/uploads/timss_1999_ulusal_raporu.pdf

Trends in International Mathematics and Science Study. (2011). TIMSS 2011 ulusal matematik ve fen
raporu: 4.smniflar. Retrieved from http://timss.meb.gov.tr/wp-content/uploads/TIMSS-2011-4-
Sinif.pdf

Turgut, M. F. (1990). Egitimde dl¢me ve degerlendirme metotlar: (7th ed.). Ankara: Saydam.

Tutak, T. (2008). Somut nesneler ve dinamik geometri yazilimi kullaniminin 6grencilerin bilissel 6grenmelerine,
tutumlarina ve van Hiele geometri anlama diizeylerine etkisi (Unpublished doctoral dissertation).
Karadeniz Teknik University, Institute of Natural Sciences, Trabzon.

22


http://yegitek.meb.gov.tr/dosyalar%5Cdokumanlar%5Culuslararasi/pisa_2006_ulusal_on_raporu.pdf
http://yegitek.meb.gov.tr/dosyalar%5Cdokumanlar%5Culuslararasi/pisa_2006_ulusal_on_raporu.pdf
http://www.osym.gov.tr/dosya/1-60607/h/2012-lyssayisalbilgiler23072012.pdf
http://www.osym.gov.tr/dosya/1-69292/h/2013-lyssayisalbilgilerbasin.pdf
http://dokuman.osym.gov.tr/pdfdokuman/2015/LYS/2015LYSSAYISALBILGILER30062015.pdf

Education and Science 2017, Vol 42, No 190, 1-23 M. H. Sar1 & N. Tertemiz

Tutak, T., Tiirkdogan, A., & Birgin, O. (2009). The effect of geometry teaching with CABRI to learning
levels of forth grade students. e-Journal of New World Sciences Academy Physical Sciences, 4(2), 26-35.

van Hiele, P. M. (1959). The child’'s thought and  geometry. Retrieved from
http://geometryandmeasurement.pbworks.com/f/VanHiele.pdf

Velo, J. (2001). The impact of Dynamic Geometry Software on student’s abilities to generalize in geometry
(Unpublished doctoral dissertation). University of the Ohio State, Ohio.

Yenilmez, K., & Yasa, E. (2008). flkogretim 6grencilerinin geometrideki kavram yanilgilari. Uludag
Universitesi Egitim Fakiiltesi Dergisi, XXI(2), 461-483.

Yigit, A. (2007). ilkégretim ikinci simif seviyesinde bilgisayar destekli egitici matematik oyunlarmin basariya ve
kaliciliga etkisi (Unpublished master’s thesis). Cukurova University, Institute of Social Sciences,
Adana.

Yiicel Yumusak, E. (2014). Oyun destekli matematik 6gretiminin 4. simif kesirler konusundaki erisi ve kaliciliga
etkisi (Unpublished master’s thesis). Gaziosmanpasa University, Institute of Educational Sciences,
Tokat.

Yiicel, F. (2009). ilkégretim 5. sumif G3rencilerinin geometrik diisiinme diizeyleri ve bulus yoluyla geometri
dgretiminin 63rencilerin geometrik diisiinme diizeylerine (Unpublished doctoral dissertation). Dokuz
Eyliil University, Institute of Educational Sciences, {zmir.

Zaranis, N. (2014). The use of ICT in the first grade of primary school for teaching circles, triangles,
rectangles and squares. Retrieved from http://rehab-
workshop.org/IDEEpapers/idee2014_submission_10.pdf

Zhang, X. (2012). Enriching fifth-graders’ concept images and understandings of unit fractions (Unpublished
doctoral dissertation). University of Illinois State, USA.

23



	Study Group
	Findings and Interpretations Regarding the Difference in the Pretest and Posttest Scores of Experimental and Control Groups
	Findings and Interpretations Regarding the Difference in the Posttest and Retention Test Scores of Experimental and Control Groups


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



