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ABSTRACT

AN INVESTIGATION OF THE EFFECT OF INQUIRY-BASED INSTRUCTION
ENRICHED WITH ORIGAMI ACTIVITIES ON THE 7™ GRADE STUDENTS’
REFLECTION SYMMETRY ACHIEVEMENT, ATTITUDES TOWARDS
GEOMETRY AND SELF-EFFICACY IN GEOMETRY

Kandil, Semanur
M.S., Department of Elementary Science and Mathematics Education
Supervisor: Assoc. Prof. Dr. Mine Isiksal Bostan

September 2016, 223 pages

The purpose of the study is to investigate the effect of inquiry-based instruction
enriched with origami activities on the 7" grade students’ reflection symmetry

achievement, attitudes towards geometry and self-efficacy in geometry.

The study was conducted during the academic year 2015-2016 and lasted 15 class
hours in three weeks. The sample was consisted of 48 seventh grade students in a
public middle school in Altindag district of Ankara. Two classes, instructed by the
researcher, were randomly assigned to experimental and control groups. The
experimental group students were taught the subject reflection symmetry through
inquiry-based instruction method, while the control group students were taught the

subject reflection symmetry through regular instruction. In order to gather data,
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participants were administered Reflection Symmetry Achievement Test (RSAT),
Geometry Attitude Scale (GAS) and Geometry Self-Efficacy Scale (GSES) as pretest

and posttest.

The Analysis of Covariance (ANCOVA) was performed in order to answer the
research questions. Results indicated that the inquiry-based based instruction enriched
with origami activities had a significant effect on students’ reflection symmetry
achievement, attitudes towards geometry and self-efficacy in geometry positively
compared to the regular instruction.

Keywords: Inquiry-based Instruction, Origami, Reflection Symmetry, Geometry
Attitude, Geometry Self-Efficacy



(0Y4

ORIGAMI ETKINLIKLERIYLE ZENGINLESTIRILMIS SORGULAMA
TEMELLI OGRETIMIN ORTAOKUL YEDINCI SINIF OGRENCILERININ
YANSIMA SIMETRISI KONUSUNDAKI BASARILARI, GEOMETRI DERSINE
YONELIK TUTUMLARI VE GEOMETRIYE YONELIK OZ YETERLIK
ALGILARI UZERINE ETKISININ INCELENMESI

Kandil, Semanur
Yiiksek Lisans, Ilkdgretim Fen ve Matematik Alanlar1 Egitimi Boliimii

Tez Yoneticisi: Dog. Dr. Mine Isiksal Bostan

Eyliil 2016, 223 sayfa

Bu c¢alismanin amaci, origami etkinlikleriyle zenginlestirilmis sorgulama temelli
Ogretimin ortaokul yedinci smif G6grencilerinin yansima simetrisi konusundaki
basarilarina, geometri dersine yonelik tutumlarina ve geometriye yonelik 6z-yeterlik

algilarma etkilerini incelemektir.

Bu calisma 2015-2016 egitim-68retim yilinda uygulanmis ve 15 ders saati (3 hafta)
stirmiistiir. Orneklem, Ankara nin Altindag ilgesindeki bir devlet okulunun 48 yedinci
smif Ogrencisinden olugmaktadir. Arastirmacinin  dersine girdigi ve okulda
halihazirda var olan iki smif, deney ve kontrol grubu olmak {izere rastgele atanmustir.

Deney grubunda bulunan 6grenciler yansima simetrisi konusunu sorgulama temelli

Vi



egitim yontemiyle islerken, kontrol grubundaki 6grenciler geleneksel yontemle ders
islemislerdir. Veri toplama araci olarak, Yansima Simetrisi Basar1 Testi, Geometri
Tutum Olgegi ve Geometri Oz-Yeterlik Olgegi katilimeilara dntest ve sontest olarak

uygulanmigtir.

Arastirma sorularini yanitlamak iizere kovaryans analizi kullanilmistir. Analizlerin
sonuglar, geleneksel Ogretim ile karsilastirildiginda, origami etkinlikleriyle
zenginlestirilmis sorgulama temelli Ogretim yoOnteminin 6grencilerin yansima
simetrisi konusundaki basarilarini, geometri tutumlarint ve geometriye yonelik 6z-

yeterlik algilarini olumlu yonde etkiledigini gdstermistir.

Anahtar Kelimeler: Sorgulama Temelli Ogretim, Origami, Yansima Simetrisi,

Geometri Tutumu, Geometri Oz-Yeterligi
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CHAPTER |

INTRODUCTION

Geometry is a branch of mathematics which investigates points, lines, planes, and
planar shapes along with the relations among them and such measurements as length,
area and volume of geometric shapes (Baykul, 2000). Geometry, which has the
content goals of shapes and properties, transformation, location and visualization
(Van de Walle, Karp & Williams, 2013), enables students to gain an in-depth
understanding of the mathematical ideas, underlying tasks and activities since
students make sense by using their natural intuitions of physical environment to
analyze geometric concepts (Outhred & Mitchelmore, 2001). Moreover,
mathematical ideas and skills underlying geometric reasoning help students to
understand high level mathematical concepts (Herbst, 2002; Jacobsen & Lehrer,
2000) and support the development of students’ conceptual understanding (Outhred
& Mitchelmore, 2001).

As a sub learning area, geometry is also pointed out as being a significant topic to be
taught in mathematics education by mathematics educators (Clements & Battista,
1992). Hollebrands (2003) emphasized three significant reasons why geometric
transformations should be taught in schools: it enables students (1) to think about
mathematical concepts, (2) to view mathematical concepts embedded in a context,
and (3) to show high level thinking in activities by using different representations.
Moreover, Peterson (1973) also emphasized that transformational geometry enables
students to explore abstract concepts such as reflection, congruence, similarity, and
to get more experienced in geometry, imagination and visualization. Thus, it is

pointed out to contribute to students’ spatial abilities.



Transformation refers to a change in position (rigid-motion) or the size of a shape
(nonrigid-motion) (Van de Walle, Karp, & Williams, 2013). Van de Walle and his
colleagues (2013) emphasize that transformational geometry includes three rigid-
motions as translations or slides, reflections or flips, and rotations or turns and a
nonrigid-motion as dilation or enlargement/reduction. Accordingly, the study of
symmetry is also included under the study of transformations. Weyl (1952) defines
symmetry as line symmetry (reflection) as it was used in the 1998 Middle School
Mathematics Curriculum (MoNE, 1998). On the other hand, Leikin, Berman and
Zaslavsky (1997) define symmetry as a transformation which does not change the
properties of the figure as it was used with the same meaning in the 2005 Middle
School Mathematics Curriculum (MoNE, 2005). In detail, Usiskin and his colleagues
(2003) defined symmetry as “if T(F)=F, then F is symmetric”. According to this
explanation, translation, reflection and rotation could be categorized under the title of
symmetry. In the current study, line symmetry, which means reflection through a line,

will be referred to as reflection symmetry.

According to the literature, there are studies which show that students in both
elementary and middle schools have misconceptions and difficulties in the concept of
symmetry (Bell, 1993; Edwards & Zazkis, 1993; Hoyles & Healy, 1997; Kose, 2012;
Kiichemann, 1993; Soon, 1989; Xistouri, 2007; Yanik & Flores, 2009; Zaslavsky,
1994; Zembat, 2007). Brooks and Brooks (1999) emphasize the importance of using
curriculum as a handbook for an effective learning environment. Based on the
curriculum, focus was placed on exploration, communication and conceptualization
through activities enriched with concrete material instead of traditional methods for
teaching the concept of symmetry (MoNE, 2005). In this sense, inquiry based
instruction is found to be an effective approach as it entails activities, fosters
mathematical thinking and provides student with opportunities for reflection of
understanding critically (Cobb, Wood, & Yackel, 1990; Glasersfeld, 1984, Jaworski,
1994).



Inquiry-based instruction is a student-centered instructional approach which enables
students to spontaneously explore, raise questions, and make attempts to justify their
answers (Artigue & Blomhgj, 2013). In order to understand the inquiry-based
instruction approaches, it is essential to reveal the meaning of inquiry (Kwon, Bae, &
Oh, 2015). Inquiry in mathematics fosters learning, speaking and act mathematically
through engaging in mathematical discussions, suggesting explanations, and
following the process of solving new and unfamiliar problems (Richards, 1991).

Approaches such as inquiry-based instruction foster students’ performance on
standardized tests in terms of achievement (Kirschner et al., 2006). Evidence related
to the theory also shows that inquiry-based instruction contributes to students’
academic achievement and their higher order thinking skills (Spronken-Smith, 2007).
This is also supported by relevant literature in which there are numerous studies
showing that inquiry-based instruction has a positive effect on achievement (e.g.,
Abdi, 2014; Altunsoy; 2008; Caliskan, 2008; Celik, 2012; Ferguson, 2010; Kula,
2009; Maxwell, Lambeth & Cox, 2015; Sar1 & Bakir-Giiven, 2013; Sever & Gliven,
2014). In addition to achievement, attitude towards mathematics is one of the
affective variables related to learning mathematics and learning environment (Reyes,
1984). Negative attitudes towards mathematics may prevent students from showing
full performance on mathematics as well (Reyes, 1980). For this reason, it is
important to study students’ attitudes towards mathematics to improve their learning
mathematics performance (Fennema & Sherman, 1976; Reyes, 1984). In this sense,
inquiry-based instruction is an effective method to develop and foster attitudes that
are vital for supporting students to face and accomplish uncertain futures (Artigue &
Blomhoej, 2013). The studies conducted in this sense also indicate that this
instructional method influence attitude towards the related course in a positive way
(e.g., Akpullukgu, 2013; Altunsoy; 2008; Caliskan, 2008; Celik, 2012; Kula, 2009;
Laipply, 2004; Supovitz, Mayer & Kahle, 2000; Wilkins, 2008). In addition to
attitude, self-efficacy is another affective variable which is an important determinant
ofa student’s attitude toward a given subject, and both efficacy (Brannick et al., 2005)
and attitude (Cote & Levine, 2000) reflect how successful a student may be in a given
3



subject. The studies conducted in this respect show that this instructional method also
increases the self-efficacy level of learners (e.g., Kocagiil, 2013; Ozdilek & Bulunuz,
2009; Laipply, 2004; Roster, 2006; Thrift, 2007), especially in science education.
Therefore, there are many studies conducted to investigate the impact of inquiry-
based instruction on students’ achievement, attitude and self-efficacy, which are
determinants of each other. However, while most of these studies are conducted in

science education, few studies exist in mathematics education.

Although inquiry-based instruction is found as an effective method in education and
employed in the curriculum of many countries such as Australia or the U.S., many
teachers are found reluctant to use inquiry-based approach in their classrooms
(Cheung, 2007). Teachers explain various barriers to implementing this inquiry-based
approach. For instance, they complain about the lack of effective inquiry materials or
their being expensive to obtain. Another barrier reported by teachers is that students
felt uncomfortable when they were asked to plan their experiments and, thus, they
were found to complain. In this sense, when the students were asked what kind of
activities they prefer to complete, it was seen that students had four essential goals
while choosing activities: success (the need for mastery), curiosity (the need for
understanding), originality (the need for self-expression), and satisfying
relationships (the need for involvement with others) (Strong, Silver, & Robinson,
1995). Origami responds to all these four features (Ozgelik, 2014) mentioned by
Strong et al. (1995); hence, it can be used as an effective inquiry-based instructional
tool. Thus, in the content of the current study, it was believed that origami can be used
as a tool which requires paper as a cheap, disposable everyday material (Klett &
Drechsler, 2011) and scissors especially for the kirigami figure in the concept of

reflection symmetry.

In conclusion, although there are various studies in the literature which investigate

the impact of the inquiry-based instruction approach on students’ achievement,

attitude and self-efficacy through the related course, most of them were conducted on

science education. In this sense, in the current study, the impact of this inquiry-based
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instruction on students’ achievement, on the concept of reflection symmetry, and on
attitude towards geometry and geometry self-efficacy is investigated through the use
of origami activities to contribute to the relevant literature.

1.1 Purpose of the Study

The aim of this study is to determine the effect of inquiry-based instruction enriched
with origami activities on the 7" grade students’ achievement in reflection symmetry,
attitudes towards geometry and self-efficacy in geometry, which are determinants of
each other.

1.2 Research Questions and Hypotheses

In accordance with the purpose of the current study, the following research questions
are investigated and for each research question a hypothesis is formulated as stated

below:

1. What is the effect of inquiry-based instruction enriched with origami activities
on the 7" grade students’ achievement in reflection symmetry when the effect
of students’ pre-test scores of achievement in reflection symmetry, attitudes
towards geometry and self-efficacy in geometry are controlled?

H,: There is no significant effect of inquiry-based instruction enriched with
origami activities on the population means of 7" grade students’ post-test
scores of achievements in reflection symmetry when the effect of students’
pre-test scores of achievement in reflection symmetry, attitudes towards

geometry and self-efficacy in geometry are controlled.

2. What is the effect of inquiry-based instruction enriched with origami activities

on 7" grade students’ attitudes towards geometry when the effect of students’



pre-test scores of achievement in reflection symmetry, attitudes towards
geometry and self-efficacy in geometry are controlled?

Hy: There is no significant effect of inquiry-based instruction enriched with
origami activities on the population means of 7" grade students’ post-test
scores of attitudes towards geometry when the effect of students’ pre-test
scores of achievement in reflection symmetry, attitudes towards geometry and
self-efficacy in geometry are controlled.

3. What is the effect of inquiry-based instruction enriched with origami activities
on 7" grade students’ self-efficacy in geometry when the effect of students’
pre-test scores of achievement in reflection symmetry, attitudes towards
geometry and self-efficacy in geometry are controlled?

H,: There is no significant effect of inquiry-based instruction enriched with
origami activities on the population means of 7 grade students’ post-test
scores of self-efficacy in geometry when the effect of students’ pre-test scores
of achievement in reflection symmetry, attitudes towards geometry and self-

efficacy in geometry are controlled.

1.3 Definition of the important terms

In this section, definitions of the main terms in this study are given for the clarity of

the research hypotheses.

Inquiry-based instruction is a constructivist instruction method where students are

given a problem solving task to discover the concept by reasoning and making
connection (NCTM, 2000).

Origami means paper folding which is formed with the composition of “ori” and
“kami”, which mean “folding” and “paper”, respectively (Beech, 2009; Franco, 1999;
Yoshioka, 1963).



Crease pattern means the collection of crease lines and vertices in the unfolded paper
(Belcastro & Hull, 2002).

Inquiry-based instruction enriched with origami refers to an inquiry-based geometry

instruction in which origami activities constructed on real life situations are used to
teach concepts of reflection symmetry through paper folding based on students’ active

participation while teachers act as facilitators.

Geometry Achievement refers to the scores of the students obtained from the

Reflection Symmetry Achievement Test (RSAT).

Attitude is defined by Aiken (2000) as “a learned predisposition to respond positively

or negatively to a specific object, situation, institution, or person” (p.248).

Geometry Attitude refers to the scores of the students obtained from the Geometry
Attitude Scale (GAS).

Self-efficacy is defined by Bandura (1995) as “the belief in one’s capabilities to

organize and execute the courses of action required managing prospective situations”

(p. 2).

Geometry Self-efficacy refers to the scores of the students obtained from the Geometry
Self-Efficacy Scale (GSES).
1.4 Significance of the Study

International examinations showed that mathematics success of Turkish students

were not at the desired level as highlighted in Trends in International Mathematics

and Science Study (TIMSS) (Mullis, Martin, Robitaille and Foy, 2009; Mullis,

Martin, Robitaille and Foy, 2012). Especially geometry achievement levels of Turkish

students are at the lowest level (Biiyiikoztiirk, Cakan, Tan, & Atar, 2014). The reason

of this failure can be attributed to the affective domain (Bilican, Demirtasli, &
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Kilmen, 2011), which is a significant factor that can affect achievement (Bandura,
1997; Bloom, 1998). One of the affective domains which influences mathematics
achievement is attitude, which plays a critical role in the teaching and learning
practices of mathematics (Farooq & Shah, 2008). Another affective domain which
affects mathematics achievement is self-efficacy beliefs of students, which influence
their activity choices, goal orientations, effort and determination, learning and success
from several aspects (Schunk, 2011; Usher, 2009). According to the literature, the
teaching method also affects the attitudes towards mathematics (Farooq & Shah,
2008); self-efficacy level of learners (e.g., Kocagiil, 2013; Ozdilek & Bulunuz, 2009)
and achievement (Njoroge, Changeiywo, & Ndirangu, 2014; Taylor & Bilbrey, 2012).
In this sense, in publications specifically related to science education, inquiry-based
instruction is pointed out to be an effective method to increase students’ achievement,
attitude and self-efficacy toward a course. However, few studies were dedicated to
inquiry-based instruction in mathematics and conducted an empirical design. For that
reason, there is a need for conducting an experimental study on inquiry-based
instruction in mathematics and stating the impact of inquiry-based instruction on
students’ achievement, attitude and self-efficacy by means of quantitative data

analysis techniques.

According to the relevant literature, although inquiry is adapted as a key instructional
approach for effective teaching (NRC, 1997), many teachers are reluctant to
implement inquiry-based instruction in their classrooms since they find it very
difficult to manage (Cheung, 2007). However, it is also revealed that several inquiry-
based instruction samples that are designed appropriately were found to change
beliefs and attitudes of teachers (Supovitz, Mayer, & Kahle, 2000; Thrift, 2007).
Related studies in the literature may be representative for the teachers to see the
benefits of this method and how to apply it. However, studies that investigate its
treatment effects in mathematics lessons are limited. Current research studies
commonly focus on how inquiry-based instruction can be effectively used in
mathematics lessons (e.g., Artigue & Blomhej, 2013; Kim & Ju, 2012) and how
effective it is, especially in science education through experimental designs (e.g.,
8



Akpullukgu, 2013; Celik, 2012; Kula, 2009; Maxwell, Lambeth & Cox, 2015; Thrift,
2007). There is a gap in the literature as regards the treatment effects of inquiry-based
mathematics instruction with appropriate activities in mathematics on students’
achievement, attitude and self-efficacy. In this sense, it is expected that constructing
an inquiry-based mathematics instruction setting and investigating its effectiveness
on students may be beneficial to enrich the literature and may provide an example of

an instructional model for teachers.

To be able to construct an appropriate inquiry-based instruction, the literature was
reviewed and it was seen that in addition to their negative attitudes towards inquiry,
teachers also reported that there were some barriers to implementing inquiry-based
experiments in schools (Cheung, 2007). For instance, teacher beliefs, lack of effective
inquiry materials, student complaints and material demands were mentoned to
constitute some of these barriers. Consequently, it is believed that using origami
activities for inquiry-based instruction can be effective to overcome these barriers.
Teacher beliefs can be a barrier to the employment of an inquiry-based approach since
some teachers believe that only high-ability students can complete inquiry activities
successfully (Costenson & Lawson, 1986; Welch, Klopfer, Aikenhead & Robinson,
1981). However, during instruction with origami, teachers can adapt to the level of
the design in accordance with the ability level of the students (Sze, 2005). Moreover,
origami was shown as an effective instructional tool (Simsek, 2012; Takicak, 2012;
Dagdelen, 2012) in that it merely requires accessible and cheap material: paper (Klett
& Drechsler, 2011). Studies also revealed that students who experienced origami-
based instruction had a positive attitude toward origami-based instruction where they
wanted to continue such an instruction (Cakmak, 2009). Therefore, origami is seen as
an effective instruction method that can overcome the barriers inherent in the inquiry-
based approach. Thus, in the present study, inquiry-based instruction will be enriched
with origami activities and the influence of instruction supported with origami on
students’ achievement in reflection symmetry, their attitude towards geometry and

their self-efficacy in geometry will be examined.



As one of the topics in which students have difficulties and misconceptions (Hoyles
& Healy, 1997; Kiichemann, 1993), reflection symmetry is one of the most
appropriate subjects which can be taught through origami activities (O’Rourke,
2011). However, despite the emphasis laid upon constructing mathematical ideas
through paper folding in the curriculum (MoNE, 2013), sample activities for the
application of origami to the concept of reflection symmetry are limited. When the
existing activities in the literature were examined, it was seen that they were not
applicable in inquiry-based instruction in terms of the role of teachers and students.
That is, the lesson plans and activity templates revealed that students were guided by
the instructor by means of a step-by-step process in constructing the related origami
figure, which is more appropriate for regular instruction. In this sense, another
purpose of the current study was to construct origami activities which are appropriate
for the inquiry-based instruction approach. With this purpose, origami activities
related to reflection symmetry were developed in a problem situation since the
instructional tasks play a key role in presenting a context of inquiry to students so that
they can learn mathematics by engaging in the process of problem solving (Kwon,
Bae, & Oh, 2015).

To sum up, it is expected that this study will contribute to the literature as regards the
effect of inquiry-based instruction in mathematics education and how to use origami
according to the inquiry approach. Moreover, the findings of this study are believed
to offer useful information for mathematics teachers in planning instructional

activities within an inquiry-based instruction environment.

1.5. My Motivation to Conduct the Study

Since my childhood, | have been interested in handmade objects, drawings,

embroidery, painting, paper works which are generally performed in the visual arts

courses in elementary and middle schools. | have always been successful in work

requiring handcraft. When | started university, | searched into the student clubs and

found the most appropriate one for me to pursue my hobbies; it was the Turkish-
10



Japanese Communication Club. There were sub-courses offered by the members of
the clubs like anime-manga drawing, Japanese, mahjong, origami etc. | attended
origami courses to learn how to construct figures with a piece of paper. And after a
one-year training, | became the instructor of the course. During the courses | realized
that while teaching origami, | was using the names of geometric shapes, polygons,
polyhedrons etc. After | had realized the geometric aspects of origami, | decided to
use origami as an enjoyable activity to support what | would teach in my mathematics
lessons in the future as a middle school mathematics teacher. However, | had never
thought of using origami to teach new concepts; | just thought of using it as a
supplementary tool to present the new knowledge. However, | learnt that it can be
used as an instructional tool in mathematics education in the Methods of Teaching

Mathematics. Therefore, it drew my attention even more.

When I started to pursue my master’s degree, the subject of my thesis was clear:
origami. However, there was a problem. When | read about the activities related to
origami, | saw that the methods of using origami as a tool contradicted with
constructivism. Most of the researchers used origami figures in education by using
direct instruction in that students followed their teachers step-by-step while
constructing a figure. The lessons were far away from being student-centered. |
thought about it for weeks and always folded figures to find a gap. | realized that as
special forms of origami, especially crease patterns and kirigami included the concept
of symmetry hidden in them. In this respect, | examined origami figures through their
crease patterns and kirigami works in the form of paper-chain to be able to choose the
most appropriate figures for refection symmetry to work on. Then | decided to write
problems on these figures so that I wouldn’t have to tell the students to fold the paper,
but they would feel the necessity to fold it themselves. Thus, | constructed my
problems on the most appropriate origami figures. Therefore, | decided to investigate

the effectiveness of the activities that | developed.
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CHAPTER I

LITERATURE

The purpose of the current study is to investigate the effect of inquiry-based
instruction enriched with origami problems on 7" grade students’ geometry
achievement, attitudes and self-efficacy. In accordance with this purpose, this chapter
is devoted to review the relevant literature in order to provide a justification for
conducting this study and a theoretical perspective allowing for the interpretation of
the research results. In the first part, constructivism is explained as the theoretical
background of the study. In the second part, inquiry-based instruction is explained in
detail and related studies which investigate the impact of inquiry-based instruction on
achievement, attitude and self-efficacy are examined. In the third part, general
information related to origami and its mathematical side is clarified by offering
related studies in both international and national contexts. Finally, a brief summary
of related literature which represents the aim of investigating the impact of inquiry-
based instruction on students’ achievement, attitude towards geometry and self-

efficacy in geometry is presented.

2.1 Constructivism

Mathematics instruction today bears out the concept and goal of mathematics literacy,
but the means to fulfill this goal varies (Doctorow, 2002). With that respect, there are
numerous theories which give directions to how mathematics should be taught
(Guffin, 2008). One of the most important learning theories which have great
influence in education is cognitive psychology (Post, 1988). Cognitive psychology
supports the key theoretical explanation for the encouragement of students’ to be
active in the learning process. In this sense, cognitive psychology aligns with the

constructivist approach with the belief that when people are provided the advantage
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of interacting with numerous features of their environment, the level of their learning
iIs maximized. Constructivism is accepted as a contemporary offshoot of cognitive

psychology (Post, 1988).

Constructivism is “the theory according to which each child builds his knowledge
from the inside, through his own mental activity, by interacting with the environment”
(Kamii & Lewis, 1990, p. 34). The origin of this theory of learning stems from Jean
Piaget’s (1972) theory on how people learn derived from the result of his study on
children’ stages of cognitive development. Moreover, Piaget contributed mainly to
the direction, meaning and understanding of the constructivist theory which is most
likely cognitive constructivism. According to Piaget’s cognitive development theory,
cognitive constructivism regards knowledge schemes as being constructed by learners
and filtered through previous experiences. Moreover, interaction with the
environment was emphasized to so that learners could assimilate complementary
components of external world into their existing cognitive schemata (Piaget, 1972).
On the other hand, social constructivism relies on the social context of learning.
According to Vygotsky (1978), cultural history, language and social context have a
significant impact on the development of children. Vygotsky also claimed that
children can overcome the obstacles of learning on their own with the help of more

experienced individuals (Vygotsky, 1978).

The practice of constructivism in a classroom setting actually began many years ago.
Conversations between Socrates and his fellows in the ancient Greece include
evidence of constructivism (Lotfi, Dehkordi, & Vaez-Ghasemi, 2012). Throughout
these dialogs, Socrates asked guided questions in order to enable his students to
realize their weaknesses in their thinking process. This Socratic questioning method
was used as a significant strategy by constructivist teachers to evaluate the learning
outcomes of the students and to plan future activities. As in this example,
constructivist teachers today encourage students to asses and direct their own learning
by questioning themselves and their method and by learning how to learn. Students
are expected to discuss, reflect and negotiate meanings (Cobb, Wood, & Yackel,
13



1990). In a constructivist setting, students are provided with some strategies such as
problem solving and inquiry-based activities by working collaboratively (Mrayyan,
2014).

Research studies have pointed out that students in a constructivist instruction setting
have a greater understanding of mathematics and they are more successful in
mathematics than those in a traditional instruction setting (Brewer & Daane, 2002).
To be able to build such a learning environment under the philosophy of
constructivism, it is essential to choose appropriate instructional method. Inquiry-
based instruction is one of the applications of this theory advocating that learning
should be active and constructed by the learner (Kuhlthau, 2001). Inquiry-based
instruction fits with a constructivist perspective in that it poses activity, fosters
mathematical thinking and provides advantages for understanding mathematics
conceptually (Cobb, Wood, & Yackel, 1990; Jaworski, 2006).

2.2 Inquiry-Based Instruction

Inquiry-based instruction is a learner-centered teaching method grounded in
constructivism. This instruction method is defined as a pedagogy that uses real life
problems to increase capacities of students in an investigation setting so that teachers
have the chance to gain insight into students’ thinking processes (Supovitz, Mayer &
Kahle, 2000). Deskins (2012) also states that inquiry requires students to pose
questions, seek for answers, and set a bridge to existing knowledge instead of
collecting facts. It suggests that students should investigate information through

materials and problem solving instead of memorization of content.

Inquiry-based instruction is not a new idea in that its theoretical roots have been

constructed on beliefs of theorists such as Lev Vygotsky, John Dewey and Jean Piaget

(Doolittle & Camp, 1999). These theorists contributed to the improvement of inquiry-

based instruction although their philosophies of learning sometimes contradict with

each other. For instance, considering the role of the teacher, Vygotsky supports the
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idea that a teacher is more like a mentor, while Dewey supports the idea that he/she
is more a facilitator as commonly accepted by the inquiry-based instruction approach.
On the other hand, philosophies of Dewey, Vygotsky and Piaget settle on that the goal
of inquiry-based instruction is cognitive development in a social context. According
to the inquiry-based instruction approach, knowledge is built by means of the
cooperation of individuals and the society, where language has a central impact on
the development of knowledge (Vygotsky), and through experience and reflection on
these experiences (Piaget). Therefore, it can be concluded that the inquiry-based
instruction method supports the understanding or construction of new knowledge
upon current knowledge, concurrent with personal interest and experience in a social

interaction within the real world (Dewey).

Grounded on this theoretical framework, curriculum developers attempted to improve
their current curricula in terms of objectives and activities to address and encourage
scientific inquiry (Abd-El-Khalick et al., 2004). Examining the countries which are
successful in science and their educational programs, researchers pointed out the
significance of inquiry-based instruction grounded on constructivism (Tatar, 2006).
In this respect, there has also been a revolution in the middle school mathematics
curriculum in Turkey to move from a didactic model (i.e, instructor-centered) to a
constructivist model (i.e., learner-centered) (MoNE, 2005). In other words,
pedagogies covered by the curriculum were changed from behaviorism to
constructivism with this curricular reform. In the year 2005, a constructivist
mathematics curriculum supporting the inquiry approach as a skill was designed to
entail learning activities with various opportunities for developing students’ critical
thinking skills while working on tasks and constructing problem-solving solutions.
This new curriculum focuses on exploration, communication and conceptualization
through activities enriched with concrete materials instead of traditional methods,
while the previous curriculum was based on a set of facts, formulas and procedures
requiring memorization. Inquiry skills mentioned in the curriculum involve asking
scientifically meaningful and appropriate questions, planning of procedures and

materials to solve problems, guessing the results of problems, considering unexpected
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situations, testing results and justifying their explanations (MoNE, 2005). With the
revision of this curriculum in terms of the content of learning areas considering
teacher reflections, the current middle school mathematics curriculum was revised in

the year 2013 in line with the goals of inquiry in education.

As it is emphasized in the curriculum, inquiry-based instruction promotes students to
express their ideas, create solutions, share their ideas, extend them through
argumentation and revise them. Thus, inquiry-based instruction is used here as a
broad umbrella term to identify strategies related to learning that are driven by a
process of inquiry. For an extensive exploration and understanding of the underlining
strengths of the qualities of inquiry-based instruction, the National Research Council
reported that inquiry-based instruction has five features that can be applied across all
grade levels (NRC, 2000). The first feature is that the learner engages in scientifically
oriented questions (p. 24). Scientifically oriented questions play a crucial role in an
inquiry-based instruction setting. Scientists emphasize two major scientific question
types, which are “why”” and “how” questions (Malley, 1992). Students generally tend
to ask “why” questions, such as “Why do some rocks contain crystals?”’. However,
many “why”” questions cannot be explained scientifically. Instead of “why’” questions,
“how” questions are advised to narrow and sharpen the inquiry and to contribute to
its scientific nature. These questions may be posed by the teacher, the learner, the
instructional material, or other sources. Teachers have a significant role in guiding
the explanations given as a reply to these questions, especially when they come from
students. The quality and efficiency of inquiry-based instruction depend on
meaningfulness and relevance of questions in that they must be interesting and open
to investigation (NRC, 2000).

The second feature of inquiry-based instruction is that learners give priority to

evidence, which allows them to develop and evaluate explanations that address

scientifically oriented questions (p. 25). The difference between science and other

disciplines is the use of empirical evidence to explain the phenomena in the natural

world. It is essential to gather accurate data through observations, investigations and
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measurements, such as observations of animals, organisms, rocks or measurements
of distance, magnitude, or time. Students obtain evidence from the real life setting or
from the teachers, the instructional material or other sources (NRC, 2000).

The third feature is that learners formulate explanations from evidence to address
scientifically oriented questions (p. 26). Although this feature is parallel to the
previous one, it is constructed on the previous feature in that it draws attention to the
importance of gathering explanation according to evidence rather than the importance
and features of evidence. Students come up with explanations based on reasons and
evidence by establishing cause and effect relationships. Explanations are also a
means to gain insight into unclear information by establish relationships with
observations and existing knowledge. Thus, explanations enable students to go

beyond previous knowledge and construct new knowledge (NRC, 2000).

The fourth feature of inquiry-based instruction is that learners evaluate their
explanations in light of alternative explanations, particularly those reflecting
scientific understanding (p. 27). Students may review explanations by engaging in
dialogs, comparing their results or having the results confirmed by instructor or
teaching materials. The key point of that feature is constructing a bridge between their
findings and scientific knowledge applicable to their grade level. Thus, the
explanations of students must definitely be parallel to current scientific knowledge
(NRC, 2000).

The last feature of inquiry-based instruction is that learners communicate and justify
their proposed explanations (p. 27). This feature is constructed on the communication
between the scientist and his/her explanations in that it requires clear circulation
between the question, evidence, procedures and review of alternative explanations
and poses new questions for other scientists to work on. Giving students a chance to
share their results and explanations provides others with the opportunity to pose
questions, discuss and make connections to current scientific knowledge. That is,
students can overcome contradictions based on classroom discussions (NRC, 2000).
17



Therefore, the processes of posing scientific questions, gathering evidence,
formulating, evaluating and communicating explanations play a significant role in

inquiry-based instruction settings.

Although features of inquiry-based instruction are explained within the content of
science especially in terms of examples set on scientific phenomena, they are also
valid to be applied in mathematics education. As in scientific inquiry, mathematical
inquiry is also encouraged by questions arising from real life with the purpose of
understanding the natural, social and cultural world (Artigue & Baptist, 2012).
Instruction which starts with a certain problem or experiment goes beyond engaging
students in hands-on experiments and activities to elicit explanations and evidence to

the problems or experiments on which the instruction is constructed.

By offering students several skills such as questioning, exploring, observing,
discovering and proving (Artigue & Baptist, 2012), inquiry-based instruction
encourages students to be creative during problem solving and to take risks in
mathematics (Perez, 2000). According to Haury (1993), inquiry-based instruction has
positive influence on students’ performance in and attitudes to science and
mathematics. Saunders-Stewart et al., (2012) also emphasize that inquiry-based
instruction enhances students’ achievement, knowledge application, thinking and
problem-solving skills, and their attitudes towards learning. This instruction method
does not only affect achievement and attitude, but also fosters learners’ motivation
towards learning independently and their self-confidence (Aulls & Shore, 2008).
Malone (2008) also emphasizes the benefits of the inquiry-based model postulating
that it enhances self-efficacy, confidence, and independence of the learners. Many
studies were conducted related to inquiry-based instruction and its relation with the
achievement, attitude and self-efficacy of students. These studies are presented under

the relevant subtitles.
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2.2.1 Effect of Inquiry-Based Instruction on Achievement

It has been stated in the literature that inquiry-based instruction has an effective
feature to improve the achievement of learners along with the satisfaction level of
teachers when inquiry environments are prepared appropriately (Thompson, 2009).
Numerous papers, theses and books have been published to investigate the
effectiveness of inquiry-based instruction on studnets’ achievement both in Turkey
(Akpullukgu, 2013; Altunsoy; 2008; Caliskan, 2008; Celik, 2012; Fansa, 2012;
Goksu, 2011; Kula, 2009; Saglamer-Yazgan, 2013; Sakar, 2010; Sar1 & Bakir-Giiven,
2013; Sever & Giiven, 2014; Tatar, 2006; Tiirkmen, 2009) and in other countries
(Abdi, 2014; Ferguson, 2010; Johnston, 2014; Maxwell, Lambeth & Cox, 2015;
Njoroge, Changeiywo, & Ndirangu, 2014; Taylor & Bilbrey, 2012).

In Turkey, the studies related to the effect of inquiry-based instruction on achievement
have been conducted in various disciplines such as science, chemistry, and biology.
In a study carried out by Sakar (2010), the effect of inquiry-based chemistry education
on 9" grade students’ chemistry achievement levels were investigated. In her study,
the researcher used a pre-test and post-test research design with control (n=26) and
experimental (n=28) groups. After an eight-week instructional period, the post-test
scores were measured through an Academic Achievement Test and were then
examined. The results revealed that there was a significant difference between
students’ achievement scores in favor of the experimental group that had received

inquiry-based instruction.

Altunsoy (2008) also conducted a study to examine the impact of inquiry-based
education on the achievement scores of 9" grade students this time in a biology
course. She also conducted a pre-test and post-test research design with control (n=17)
and experimental (n=19) groups to implement regular instruction and inquiry-based
instruction, respectively on the unit of “The Fundamental Unit of Life: Cell”.
According to the results of the post-tests measured through the Academic
Achievement Test, students in the experimental group, who received the inquiry-
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based instruction for nine weeks in the biology course, were found to have
significantly higher scores than the students in the control group.

Another study was conducted by Caligkan (2008) on the efficiency of inquiry-based
instruction on achievement and retention degree of the knowledge of 7" graders in
the unit of “Conquest of Istanbul and its Aftermath” in a social studies course. In this
study conducted by means of a pre-test and post-test research design with control
(n=30) and experimental (n=30) groups, the treatment was inquiry-based instruction.
This inquiry-based instruction in the classroom started with an interesting
phenomenon or anecdote or a quotation and forced the cooperative student groups in
the classroom to brainstorm to reach a decision regarding what equipment or tool they
needed. The instruction was also moved out of the classroom, to libraries, to the home
or the internet environment. Reporting the results gathered by their inquiry, students
studied in an inquiry-based instruction environment subjected to a hidden curriculum
for 5 weeks. According to the analysis of the data collected through the achievement
test, the researcher concluded that using the inquiry-based instruction method in a
social studies course had a positive impact on the students’ academic achievement
levels and their degrees of knowledge retention in comparison with traditional

learning approaches.

In addition to these studies in various disciplines, it has been observed that most of
the studies in the accessible literature were conducted to investigate the impact of
inquiry-based instruction in science education. For instance, Akpulluk¢u (2013),
Saglamer-Yazgan (2013), Sever and Giiven (2014), and Tatar (2006) conducted their
studies with 7" grade students in different districts separately to apply their inquiry-
based instruction setting requiring supplementary materials that provided students
with extra practice in computational and procedural skills in the science lessons of the
experimental groups, while they used the teacher-centered descriptive methods in the
control group. The statistical data analysis results revealed that the mean scores of the
experimental group showed significantly greater increase than those of the control
group. That is, the the findings revealed that the use of the technics practiced in an
20



inquiry environment in science and technology was beneficial in increasing the

academic achievements of 7\ grade students.

Studies carried out in science courses are not limited to 7" graders; there are also other
research studies conducted with 5 and 6™ grade students. Celik (2012) and Kula
(2009) conducted an experimental research with 6™ graders to observe the effect of
inquiry-based instruction designed according to the elementary science education
curriculum renewed in 2005 and enriched with the inquiry approach. According to
the pre-test and post-test scores gathered from both experimental and control groups
members, it was reported that students’ mean scores of pre-test and post-test in both
the control and experiment groups significantly increased (Kula, 2009); however, the
increase of mean scores belong to the experimental groups was greater than those
belong to the control group (Celik, 2012; Kula, 2009).

In this respect, studies related to the consequence of the inquiry-based instruction
method on 5" grade students were studied in different districts by Tiirkman (2009) in
the unit of “The Earth, Sun and Moon” and by Fansa (2012) in the unit of “Matter
and Its Properties”. In the instruction implemented to the experimental group, Fansa
asked the students to use a diary to report their inquiry and observations through the
experiments conducted collaboratively according to the explained inquiry steps on
the related subjects. On the other hand, Tiirkman (2009) prepared an inquiry-based
instruction enriched with educational technologies to improve observation abilities,
use simulations or experiences of professional training, encourage students’
cooperation, foster student-directed learning, inspire self-regulating study and foster
reflection in the experimental group, while the control group was exposed to a
teacher-directed traditional instruction. Using a pretest and posttest experimental
design, both researchers found out that, at the end of the analyses of scores gathered
from their achievement tests on related units, using an inquiry approach had a positive

impact on the students’ achievement scores.
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In addition to these studies conducted on students, some researchers studied with pre-
service teachers in Turkey to investigate the influence of inquiry-based instruction.
For instance, Goksu (2011) studied with pre-service science teachers to investigate
their misconceptions about force and motion and to overcome these misconceptions
through inquiry-based laboratory instruction and to examine the relationships
between achievements, misconceptions, and epistemological beliefs. The findings of
this pre-test and post-test semi-experimental study revealed that inquiry-based
instruction has a meaningful effect on preservice science teachers’ achievement,their
overcoming misconceptions about force and motion, and their epistemological

beliefs.

In another study, Sar1 and Bakir-Giiven (2013) studied with prospective teachers in
two different classes of modern physics courses in the Department of Science
Education in Kirikkale University. The purpose of the researchers was to reveal the
impact of interactive whiteboard supported inquiry-based instruction method on
students’ level of academic achievement and to investigate their level of motivation
in teaching modern physics. In this pre- and post-test control groups design, data were
collected by means of academic achievement tests and a motivation scale. The
treatment implemented to the experimental group was an inquiry-based instruction
method enriched with activities such as simulations, videos and animations supported
with the interactive white board, while the traditional instruction method was
implemented in the control group. Therefore, the experimental group had the
advantage of technology support in procedures of orienting and posing questions,
identifying problems, generating hypothesis, testing and planning and the advantage
of simulations in lessons supporting measuring, sketching graphs, monitoring the
variables and interpreting data. The study reported that the application of an inquiry-
based instruction significantly increased students’ level of motivation and academic
achievement. Furthermore, prospective teachers were also found to develop positive
opinions regarding the features of an inquiry-based instruction such as providing an
entertaining lecture environment, making abstract concepts more concrete, and

facilitating the learning.
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In conclusion, it can be seen that there are a considerable number of studies conducted
in Turkey to investigate how inquiry-based instruction affect both students’ and
preservice teachers’ achievement in various disciplines except mathematics, such as
social studies, chemistry, and science courses. All of these studies proved that this
instruction method increases learners’ level of achievement. In addition to the studies
in Turkey, related literature was also reviewed for studies conducted in other
countries, and it was found that the effect of inquiry approach on the achievement of
elementary, middle and secondary school students was also investigated in various

countries.

In one of these studies, Abdi (2014) worked on the impact of the inquiry-based
instruction on students’ achievement levels in science course with 40 fifth grade
students from two different classes selected through purposive sampling method. For
eight-weeks, the experimental group was exposed to the inquiry-based instruction.
This instruction was supported by 5E learning cycle including education through
activities and lesson plans prepared to increase students’ active participation in
instruction, whereas the other group received traditional instruction. To be able to test
the effect of the inquiry-based instruction compared to the traditional instruction, a
30-item achievement test in science was completed by the students in both groups
before and after the treatment. The results gathered through ANCOVA showed that
the students who received science education in accordance with inquiry approach
supported with 5E learning cycle in the experimental group got higher scores than

those in control group who were instructed through traditional methods.

In another study conducted with 5" grade students, Maxwell, Lambeth and Cox
(2015) investigated the influence of inquiry-based instruction on achievement levels
and engagement in the science course. They also used the pretest and posttest
experimental design in their study. The students in the control group were guided by
the instructor who used the step-by-step process of structured learning experiences
and provided information and definitions of terms related to the standards of the unit
and the materials needed for experimentation, which were conducted again via step-
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by-step instructions. On the other hand, students in the experimental group were
provided informational reading and posed a question or problem to investigate the
solution. They worked independently of the instructor’s guidance, they engaged in
critical thinking while solving the questions, they carried out discussions with group
members, and they made decisions about which steps to follow to arrive at a solution.
At the end of the six-week instruction, the posttest results were analyzed and it was
concluded that students in the experimental group that was subject to the inquiry-
based instruction scored higher than those in the traditional group in terms of
academic achievement; however, the difference between scores of the students in both

groups was not found statistically significant.

From a different perspective, Taylor and Bilbrey (2012) analyzed the effectiveness of
traditional and inquiry-based instruction in 5™ grade science and mathematics courses
at a school in Alabama. This school changed the science and mathematics education
programs for a period of 3 years so that during first three years, teacher-directed
instruction was employed, and while during the following three years, inquiry-based
instruction was employed. The data for both mathematics and science were collected
through the subtests of SAT-10 applied to the students in each school term. The
performance scores of the students who were administered teacher-directed
instruction and inquiry-based instruction was analyzed in terms of subgroups of
gender, skin color, and economic status. Based on the results in mathematics
achievement, it was concluded that inquiry-based instruction in mathematics was
effective in increasing students’ mathematics achievement scores for certain student
subgroups, particularly black students. Moreover, the results related to the science
scores revealed that inquiry-based science instruction significantly affected the
achievement of student subgroups, particularly black students, female students, and

students living in poverty.

Another study related to the effect of inquiry-based instruction in elementary school

was conducted by Johnston (2014). The researcher compared the instructional

practices of the inquiry-based instruction method in elementary mathematics
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classrooms to those in regular mathematics instruction. Four-hundred and sixty-seven
students from 24 classrooms participating in the study; 113 (24%) of the participants
constituted the experimental group and received inquiry-based mathematics
instruction using the Pearson’s Investigations curriculum, while 354 (76%) of the
participants made up the control group and received traditional mathematics
instruction using the MacMillan McGraw-Hill’s Math Connects curriculum. Data
collected by means of a mathematics achievement test and a word-problem
assessment were analyzed to compare students in the experimental group and those
in the traditional group. Students’ scores were assessed by a team of teachers using a
rubric which made assessments based on the given correct answer and the methods
of solution to the question using more than one problem solving strategy. At the end
of the study, it was found through the mathematics achievement test that there was no
statistically significant difference between the scores of students in the experimental
group and those in the control group. However, the findings showed that the students
instructed with the inquiry-based curriculum showed statistically significant increase
in terms of gains in scores over the students instructed with the traditional

mathematics curriculum on the math word-problem assessment.

In addition to the studies conducted in elementary schools, the related literature also
includes some studies that selected their participants from middle and secondary
schools. For instance, Ferguson (2010) evaluated the information obtained from two
8" grade classrooms in a middle school where one of the classes was implemented
inquiry-based mathematics instruction as the experimental group, while the other one
was implemented traditional mathematics instruction as the control group. The data
were collected before and after each of the two units of study through an achievement
test related to the units. Analysis of the data showed that both the experimental and
control groups had made progress after instructions for both units. However, in the
second unit, the experimental group that received inquiry-based instruction showed a
significantly higher level of improvement than the control group.

Other than those conducted in elementary and middle schools, another study

examined the influence of inquiry-based instruction on the students in a secondary
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school. In their study, Njoroge, Changeiywo, and Ndirangu (2014) aimed to find the
influence of inquiry-based instruction on students’ achievement in physics in Nyeri
County in Kenya. They used a quasi-experimental design and stratified random
sampling to select four boys and four girls from secondary county schools in Nyeri
County. Three hundred and seventy students were involved in the study in which
those in the experimental groups an inquiry-based instruction was implemented while
those in the control groups regular instruction was implemented using teacher
demonstrations and lecture methods using the same physics content across groups.
The data related to the physics achievement of the students was collected through the
Students’ Physics Achievement Test (SPAT). At the end of the four-week study, the
analysis of the data showed that the inquiry-based instruction method resulted in

significantly higher achievement student scores in physics for the experimental group.

In conclusion, there are many studies in literature conducted on the effect of inquiry
based-instruction both in Turkey and other countries. All these studies revealed that
inquiry-based instruction increases the achievement levels of students on related
content in many areas such as chemistry, mathematics, physics, and biology. As can
be seen through the literature, most of the studies were related to science and its
branches such as biology and physics. However, studies related to mathematics
education are limited; hence, it cannot be evaluated whether it is effective for
mathematics success or whether it is used in Turkey or how to apply inquiry-based
instruction in mathematics so that it can help students to be more successful. Thus,
the literature was found to be weak in this respect. Consequently, further studies need

to be conducted on the influence of inquiry-based instruction in mathematics.

In this section, the literature related to the effect of inquiry-based instruction
on achievement was reviewed in detail. However, studies are not limited to the
benefits of this instructional method in terms of achievement. There are also other
studies conducted on the effect of this method on the affective domain such as attitude
and self-efficacy. In the following sections, studies related to attitude and self-efficacy
are reviewed.
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2.2.2 Effect of Inquiry-Based Instruction on Attitude

When studies related to inquiry-based instruction are reviewed, it can be observed
that researchers have been interested in the impact of the inquiry approach on the
affective domain of students, such as their attitude. In this sense, there are many
studies related to the influence of inquiry-based instruction on the attitude of students
in both national (Akpulluk¢u, 2013; Altunsoy; 2008; Caliskan, 2008; Celik, 2012;
Fansa, 2012; Kula, 2009; Sakar, 2010; Tatar, 2006; Tiirkmen, 2009) and international
literature (Gibson & Chase, 2002; Laipply, 2004; Lord & Orkwiszewski, 2006;
Roster, 2006; Supovitz, Mayer & Kahle, 2000; Wilkins, 2008).

In Turkey, there are many studies directed to examine the impact of inquiry-based
instruction on the attitude of the students towards the related course. In this sense,
researchers planned their study with students in different courses. While they were
interested in the effect of inquiry-based instruction on achievement in the related
course as mentioned in the previous section, some Turkish researchers also applied
an additional test to measure the attitude of the students towards the related course.
These tests were “Attitude Scale toward Biology” by Altunsoy (2008), “Attitude
Scale Toward Social Studies” by Caliskan (2008), “Attitude Scale toward Chemistry”
by Sakar (2010), and “Attitude Scale towards Science and Technology” by
Akpullukgu (2013), Celik (2012), Fansa (2012), Kula (2009), Tatar, (2006), and
Tiirkmen (2009). All these researchers investigated the impact of inquiry approach on
students’ attitudes toward related courses, and their findings revealed that inquiry-

based instruction has a positive influence on students’ attitudes toward the course.

In addition to the studies in the Turkish literature, there are also several studies in the

international literature. One of them is the study conducted by Gibson and Chase

(2002) to examine the long-term influence (from 1992 to 1994) of a 2-week inquiry-

based science camp entitled Summer Science Exploration Program (SSEP). The

purpose of this camp was to increase the level of interest of middle school students

towards science and scientific careers. Stratified random sampling procedures were
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used to choose 152 students from a pool of applications to attend the camp and to
select 22 of these participants for follow up interviews. Thirty-five students who
applied for SSEP but were not accepted (the control group) and seventy-nine students
accepted for SSEP were administered the Science Opinion Survey and the Career
Decision-Making Revised Surveys as pretest and posttest. The scores gathered
through the surveys were analyzed to examine for any significant change over time.
The interviews and surveys showed that the SSEP students had more positive attitudes

towards science and higher interest in science careers than those in the control group.

Beside middle school students, college students have also been the subject of other
studies to measure the effect of this inquiry-based instruction method. In this sense,
Laipply (2004) initiated her study in the light of the outcome stated by research studies
that attitudes toward science are associated with future acceptance in science courses,
decision of major in college, and even career. The researcher found that it was
significant to survey the influences of these affective domains and other aspects which
influence the undergraduate science experience. Thus, she conducted her study in the
introductory college science class with college students who were trained to be
science teachers and scientists in the future. The goal of the study was to observe the
effect of an inquiry-based biology laboratory on students’ attitudes toward science.
The participants were selected from an urban public university and data was gathered
during a fifteen-week laboratory section by means of participant observations,
interviews, and the Test of Science-Related Attitudes administered three times. The
analysis of the data showed that the inquiry experience increased students’ level of
positive attitudes toward science. Moreover, it was concluded that group
collaboration and student communications with the teaching assistant facilitated the

inquiry-based instruction process and the growth of positive attitudes.

From another perspective, Roster (2006) claimed that few studies had been directed

at the rural community college level, where many students, including many would-be

educators, chose to take their introductory science courses, while many conducted to

show the impact of such pedagogies at universities and four-year colleges. For that
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reason, he examined whether inquiry-based instruction used in universities to increase
student attitudes and science reasoning can also have a positive impact on students in
a small, rural community college. Data related to attitudes and scientific reasoning of
the students were collected through pre-tests and post-tests. Three different settings
were administered as completely traditional classes, traditional lectures with inquiry
labs and inquiry lectures with lab components. According to the analysis results, it
was found that in traditional classes, students’ attitudes decreased while their
scientific reasoning did not change. In classes of traditional lecture with inquiry labs,
students’ attitudes increased, but scientific reasoning did not change. Finally, in the
classes of inquiry lecture with lab components, although students’ attitudes remained
unchanged, their scientific reasoning increased. Based on these findings, the
researcher concluded that inquiry-based instruction can effect community college
students positively. Moreover, using three different measures provided evidence to

allow for a more complete picture of the effects of inquiry-based instruction.

In addition to the studies conducted by Laipply (2004) and Roster (2006) with college
students, Lord and Orkwiszewski (2006) also planned their study on college students
having biology classes. Participants were enrolled in either experimental and control
groups but their background in terms of SAT scores in science and mathematics,
college major, year of graduation, and the number of science and math courses they
had previously completed was not significantly different. Students in the control
group were administered written directions and a laboratory handbook to follow.
Although they worked in groups in the labs, they completed a lab report each week
individually. On the other hand, students in the experimental group were administered
an inquiry-based instruction which enabled them to be active in manipulating their
own experiments in small, cooperative learning teams. The participants of this group
had advantages of cook-book procedures instead of page-long directions, testing their
explanations with concrete real materials and evaluating their explanations through
classroom discussions. All the participants were administered a Science Attitude
Survey and an Integrated Processing Skills test. According to the analysis results, it
was found that the students in the experimental group developed greater attitude
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towards science, while the students in the control group revealed no difference.
Moreover, the students in the experimental group in which attendance, eagerness, and
curiosity in the labs were more evident were better prepared to deal with science
problems than those in the control group.

The studies in the international literature are not limited to the students; there are also
other studies investigating the teachers’ attitude toward inquiry-based instruction
approach (Supovitz, Mayer, & Kahle, 2000; Wilkins, 2008). To begin with, Supovitz,
Mayer and Kahle (2000) examined the influence of professional development
programs on mathematics and science teachers. These programs offer skills and
knowledge necessary for teachers to alter their teaching strategies, and improve their
leadership to change their schools and district. Through the longitudinal data collected
with surveys, the influence of a professional development program on teachers’
attitude towards inquiry-based instruction, their ability to use strategies related to
inquiry, and their experiences of using inquiry in classroom were modeled. The
results significantly showed that teachers’ attitudes, preparation, and practices
significantly increased. Moreover, these gains were persistent over several years after
their involvement. The researchers also emphasize the importance of the standards-

based systemic reform to have a dominant and continued influence on teachers.

In another study, Wilkins (2008) studied with 481 in-service elementary teachers. The
researcher examined their mathematical content knowledge, attitudes toward
mathematics, beliefs in the efficiency of inquiry-based instruction, use of inquiry-
based instruction. Moreover, the relationships between these variables were also
modeled. Participants attended a professional development project related to
employment of NCTM standards-based mathematics program. The results of the
survey applied to the teachers revealed that upper elementary teachers (Grades 3-5)
had better content knowledge and more positive attitudes toward mathematics than
primary teachers (Grades K-2). On the other hand, primary teachers were observed to
use inquiry-based instruction more frequently than upper elementary teachers.

Furthermore, it was revealed that teachers’ content knowledge was negatively related
30



to beliefs in the efficiency of inquiry-based instruction and their use of inquiry-based
instruction in classrooms. However, a positive relationship was found between
teachers’ attitudes toward mathematics and both believe in efficiency of inquiry-

based instruction and frequency of using it for teaching in classroom.

In conclusion, many studies associated with the effects of inquiry based-instruction
on attitude have been found to be conducted in both national and international
contexts. Moreover, all these studies revealed that inquiry-based instruction increases
the attitudes of students towards the related courses, such as chemistry, physics, and
biology. In addition, there are studies conducted to examine the attitudes of science
and mathematics teachers towards inquiry-based instruction which concluded that
teachers’ attitudes towards this approach can be increased with professional
development programs. As it is seen through the literature, most of the studies were
related to science and its branches, such as biology, physics, and science. However,
the studies related to the mathematics education are limited; thus, it cannot be
evaluated whether it is effective on attitude toward mathematics and geometry. In this
sense, there were gaps in the literature. Hence, studies need to be carried out to explore

the influence of inquiry-based instruction on attitude towards mathematics.

In this section, the literature related to the effects of inquiry-based instruction on
attitude was reviewed in detail. However, the studies are not limited to the benefits of
this instructional method in terms of attitude as an affective domain. There are also
other studies conducted on the effect of this method on another affective domain,
namely self-efficacy. In the following sections, studies related to self-efficacy are

reviewed.

2.2.3 Effect of Inquiry-Based Instruction on Self-Efficacy

Self-efficacy is defined as perceived ability or a belief in one’s personal capabilities

or performance in a particular future task (Bandura, 1986, p.391). These perceived

properties are developed as being based on past actions or experiences on the same or
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similar task. Self-efficacy is not a static disposition, so it can transform into new
experiences or events (Bandura, 1986). Bandura (1997) believed that students
construct their self-efficacy beliefs through four main sources. Performance
accomplishments which refers to being successful or unsuccessful in performing a
task is the most effective source to increase self-efficacy. After they complete
performing a task, students evaluate their performance. Their interpretations
determine increase or decrease on their self-efficacy. Students’ self-efficacy beliefs
are also influenced by vicarious experience, or performance of others. When students
observe that their peers manage a task well, they also believe that they can succeed.
On the contrary, when they see that their peers failed in completing the task, they tend
to think that they will fail as well. Social persuasions are another source that refers to
feedbacks from others related to students’ performance. Students’ self-efficacy may
change through encouragement or discouragement of others such as friends, teachers
and parents. Final source of self-efficacy is related to emotional and physiological
states. Students’ emotional responses such as anxiety, mood, and tiredness may affect
their beliefs in their capabilities in completing a given task. These four theoretical
sources of efficacy increase or decrease a person’s expectation of mastery and
influence the way people feel about a specific task and their performance on the task
(Bandura, 1997). Bandura (1997) also conducted several studies related to teacher
behavior and explained that teachers with high sense of self-efficacy have more desire
to teach, make efforts to inspire and encourage students through guidance. On the
other hand, teachers with low self-efficacy are less inspired to spend time and effort

for teaching and encouraging students.

In this respect, a significant amount of research has also been conducted and it was
found that well-designed courses can have powerful effect to increase degree of self-
efficacy (Watters & Ginns, 1995). Numerous studies are reported on the influence of
inquiry-based instruction on self-efficacy in both national (Kocagiil, 2013; Ozdilek &
Bulunuz, 2009; Usta-Gezer, 2014) and international literature (Laipply, 2004; Roster,
2006; Thrift, 2007; Tuan, Chin, Tsai & Cheng, 2005).
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In the national literature, various studies were conducted on the self-efficacy belong
to pre-service and in-service teachers. For instance, Usta-Gezer (2014) aimed to
explore the impact of Reflective Inquiry-Based General Biology Laboratory practices
on the laboratory self-efficacy perceptions, the biology laboratory concerns, the
critical thinking tendencies and the science process skills of preservice science
teachers at a state university. In the General Biology Il Laboratory Course, the units
of “Photosynthesis, "Respiration" and "Germination" were taught by the researcher
for a period of eight weeks in both experimental (n=30) and control (n=36) groups.
The treatment administered to the experimental group included activities designed by
the reflective inquiry-based instruction approach enriched with 5E model. The results
revealed that laboratory self-efficacy perceptions, critical thinking tendencies,
scientific process skills and reflection skills significantly increased by means of the
approach of the reflective inquiry-based instruction.

Similarly, Ozdilek and Bulunuz (2009) also examined the effect of a guided inquiry
instruction for teaching science on the self-efficacy beliefs of elementary pre-service
teachers. A pretest and posttest single group research design was conducted to study
with pre-service elementary teachers. A hundred and one pre-service teachers that
were registered to a science laboratory course completed the Elementary Science
Teaching Efficacy Belief Instrument (STEBI) before and after a fourteen-week
science laboratory course. The laboratory course was prepared according to the
guided inquiry-based instruction method enriched with activities relying on the use
of science process skills such as collecting necessary knowledge from the library or
internet, deciding on the required materials, addressing scientific processes, posing
questions, discussing, and making connections with real life. The results of the study
revealed that the participants’ efficacy expectations and outcome expectations on the
posttest scores were greater than their pretest scores. Moreover, it was concluded that
the guided inquiry-based instruction method increases pre-service teachers’ self-

efficacy beliefs in science teaching.

In another setting, Kocagiil (2013) used the inquiry-based instruction to influence in-
service teachers’ beliefs, their level of self-efficacy and their skills related to inquiry-
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based instruction, which are the dependent variables of the study. The researcher also
examined the effect of gender and teaching experience on the dependent variables. A
single group pretest posttest design was administered for the study conducted with 30
elementary science and technology teachers. The teachers were applied inquiry-based
professional development practices. The results of the study showed that after
working on inquiry-based professional development practices, teachers’ beliefs, their
level of self-efficacy and their skills related to inquiry-based instruction significantly
increased. Moreover, it was found that teachers’ self-efficacy towards inquiry-based

instruction varied in terms of gender in favor of male teachers.

Besides the national studies, there are also international studies conducted to
investigate the relationship between inquiry-based instruction and self-efficacy. For
instance, Tuan, Chin, Tsai and Cheng (2005) investigated the change in the
motivation outcomes of 8" grade students with different learning styles after
implementing a ten-week inquiry-based instruction. Two hundred and fifty-four
students in the experimental group were taught inquiry-based instruction, while 232
students were taught traditional science teaching methods. Both groups completed the
students’ motivation toward science learning questionnaire (SMTSL) before and after
the instruction. Participants in the experimental group additionally completed a
learning preference questionnaire before the instruction. Forty students with different
learning styles in the experimental group were interviewed after the instruction. The
results of the study showed that the motivation of the students after inquiry-based
instruction increased significantly than that of the students instructed through
traditional teaching. More specifically, students’ learning styles determined through
SMTSL showed statistically significant change. Their self-efficacy, active learning
strategies, science learning value, performance goal and achievement goal increased
with the influence of inquiry. Moreover, the findings did not show any significant

difference between these increased learning styles after inquiry instruction.

Moreover, Laipply (2004) and Roster (2006) also investigated the self-efficacy of the
college students through the Biology Self-Efficacy Survey in their studies mentioned
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in the previous section. These researchers applied a self-efficacy survey in addition
to their attitude test. The results of both studies revealed that inquiry-based instruction
had positive outcome on college students’ biology self-efficacy (Laipply, 2004;
Roster, 2006) and their collaborations in a group, and student communication with
the teaching associate were found to assist the inquiry instruction and progress in self-
efficacy (Laipply, 2004).

In another study, Thrift (2007) focused on elementary teachers’ self-efficacy in
teaching science. For sixteen weeks, the researcher gave lessons to the fourth grade
teachers to guide them in how to teach science through inquiry-based instruction to
the students. After these teachers taught about inquiry-based instruction, then they
implemented this method to their students while the researcher observed the class.
The teachers also completed the STEBI (Science Teaching Efficacy Belief
Instrument) as a pretest and posttest to measure the effects of the procedure. The
findings of the study showed that inquiry-based professional development through
the use of a mentor increased certified elementary teachers’ level of science teaching
self-efficacy.

In conclusion, there are several studies in both national and international literature
which reveal that inquiry-based instruction is an effective method to improve self-
efficacy of students and teachers. However, since these studies have generally been
conducted on science courses, the current studies are limited in terms of studies to
show the effect of inquiry-based instruction on mathematics education. Furthermore,
the studies are conducted generally with pre-service and in-service teachers.
Therefore, the studies with students may give detailed information to capture a bigger

picture related to the benefits of inquiry instruction.

To sum up, although the literature is rich in terms of the studies that reveal a positive

impact of the inquiry-based instruction approach on achievement, attitude and self-

efficacy of both students and teachers especially in science education, they are limited

in terms of mathematics education. Inquiry in mathematics education enables students

to develop related subject knowledge by engaging them in activities in problem
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situations and also develop general attitudes and behavior towards inquiry across
disciplines (Artigue & Blomhgj, 2013). That is, as it is concluded that inquiry is an
effective approach on achievement, attitude and self-efficacy in various courses, it is
also believed that it would be valuable to use inquiry-based instruction method for
teaching reflection symmetry concept in 7\ grade mathematics classrooms. For that
reason, the purpose of the current study is to construct an inquiry-based instructional
design to investigate the effect of that design on students’ achievement in reflection
symmetry, attitude towards geometry course and self-efficacy in geometry. In this
sense, literature and curriculum were examined and it was seen that many inquiry-
based curricula are constructed on numerous resources such as models or
manipulatives and realistic problems to explore a given concept (Lappin, 1995). For
inquiry-based learning design, manipulative materials can be used and lessons can be
shaped with activities on concrete materials. Manipulatives can be used for students
to experience meaningful learning, to think and make self-explanations, and to
improve their knowledge and thoughts (Battista & Clements, 1992). For the
improvement of geometric thinking of students, cutting, tearing, folding, pasting,
dividing, connecting and modeling techniques should be given priority (Baykul,
2002). Origami is one of the hands-on materials including these techniques. In the

following section, origami and its benefits will be explained in detail.

2.3 Origami

Origami means the art of paper folding, a concept derived from the combination of
two Japanese words: “ori” which means “to fold", and ‘“kami”, which means "paper"
(Beech, 2009). The roots of origami can be traced back to China where it was called
as Zhe Zhi around 100 BCE (Hull, 2008). Later, in the 6" century, it was brought to
Japan, where it became popular and was considered as a Japanese art (Krier, 2007).
There are two types of origami, which are traditional and modular origami (Tugrul &
Kavici, 2002). In traditional origami, a single sheet of paper is used to construct
flowers, birds, fish etc. without cutting and using glue. Moreover, the initial sheet of
paper should be in the shape of a convex polygon, such as a square and rectangle,
36



which are mostly used. On the other hand, in modular origami, more than one sheet
of paper which are folded in the same way is used so that they are locked together to
form a larger model (Krier, 2007). Modular origami is also called as “Unit Origami”

since it is constructed with the combination of unit pieces (Georgeson, 2011).

Origami is not only developed by the Japanese culture, but also improved by other
cultures referring to it using different names such “papierfalten” in German, “paper
folding” in English, “papiroflexia” in Spanish (Arici, 2012). As a result of this
multicultural effect on origami, different types of origami such as kirigami emerged.
Parallel to the commonly known art of origami, kirigami is known as another paper
art, which is constructed by both folding and cutting a sheet of paper. In ancient times,
kirigami was used to cut the symbols of great Samurai families. These paper made
stencils were carried on their clothes as a sign (Melichson, 2011). For symmetric
designs in kirigami, the paper is often folded before cutting and then unfolded.
Sometimes folding is involved, as in “pop-up cards”. As in origami, kirigami also has
the style of modular kirigami, which has symmetric assemblages of cut paper (Hart,
2007).

The popularity of origami and its other types such as kirigami, modular origami and
architectural orgami has increased since the 1960s with the discovery of the
mathematical aspects of these models (Krier, 2007). It was claimed that many
instructional objectives can be attained with the use of origami as an activity-centered
method parallel to modern learning methods. It also promotes various of learning
methods such as collaborative learning, project-based learning and creative learning
(Tugrul & Kavici, 2002). In the following section, the mathematical dimension of

origami used as an instructional tool is explained in detail.
2.3.1 Origami in Mathematics Education
Origami provides many educational benefits, such as behavioral skills, cooperative

learning, understanding mathematics, cognitive development, multicultural
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awareness, and community building (Levenson, 1995). Origami enables students to
learn through activities (Tugrul & Kavici, 2002) in that students watch closely and
listen carefully, which are the requirements of being successful. Moreover,
cooperative learning environment through origami activities increase students’
attention and interaction with peers to help each other’s understanding. Working in
such an interactive environment enhances students’ cognitive development. Other

than these properties, origami improves mathematical skills (Levenson, 1995).

Recently, origami has been accepted as an instructional and scientific tool in
mathematics education by many researchers and authors (Boakes, 2008; Cornelius
and Tubis, 2006; Cakmak, 2009; Golan and Jackson, 2010; Higginson and Colgan,
2001; Kavici, 2005; Pope, 2002; Robichaux and Rodrigue, 2003; Sags6z, 2008;
Tinsley, 1972; Tugrul and Kavici, 2002) since origami has a huge mathematical
potential (Higginson & Colgan, 2001). In the related literature there are several
studies which were conducted on the use of origami related to different topics. For
instance, origami can be helpful for the instruction of fractions with the help of crease
patterns on unfolded models constructed through proportional reasoning (Akan-
Sagsoz, 2008; DeYoung, 2009). Origami is also used for modeling of algebraic
equations such as (a+b) and (a + b)? on a sheet of paper (Koylahisar-Diindar, 2012;
Yoshioka, 1963). That is, origami supports students to learn in a concrete
(Georgeson, 2011) and active, enjoyable learning environment (Olson, 1989).
Although it has various features related to mathematics education, origami was
mostly given place in its application to geometry topics in the literature. Origami
enables students to learn the properties of triangles (Takicak, 2012) and quadrilaterals
(Dagdelen, 2012). In addition to polygons, it is also possible to construct polyhedrons,
which allows students to gain knowledge on the related figure in this process
(Bayraktar-Kurt, 2012; Cagle, 2009; Simsek, 2012).

Geometry topics are not taught only by folding paper. Unfolding is also a useful
method for geometry activities (Georgeson, 2011). The creases which are obtained

by unfolding a paper of an origami figure presents many geometric properties.
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Unfolding can help students to understand postulates such as two points constructing
a line (Krier, 2007; Ozgelik, 2014). Crease patterns also help to teach many topics,
such as polygons, properties of polygons, angles, parallelism, symmetry, proportional
reasoning, similarity, and equality of sides and angles (Canadas, Molina, Gallardo,
Martinez, Santaolla, & Penas, 2010; Cornelius & Tubis, 2009; Dagdelen, 2012;
Frigerio, 2009; Ozgelik, 2014; Yoshioka, 1963). In this sense, origami improves
students’ spatial ability constructions generated by origami (Boakes, 2009; Golan &
Jackson, 2010) and their problem solving skills (Boakes, 2006; Brady, 2008; Chen,
2006; Sze, 2005). Origami is also found to provide an environment which encourages
higher order thinking (Sze, 2005), so students can guide their own learning.

Benefits of origami in geometry instruction is highly clear in that it also influenced
the national geometry curriculum of some countries. For instance, in Israel, the
program of Origametria, a word formed with the combination of two words - origami
and geometry-, was employed. This program has been used by seventy schools since
2002 (Golan & Jackson, 2010). Moreover, in Turkey, as a result of the curriculum
reform, origami was included in the education program. Samples of origami activities
were placed in the mathematics education program for 1% to 5™ grade students to
increase their creativity, psychomotor and spatial abilities (MoNE, 2009a). The
impact of origami on students’ problem solving skills, 2D and 3D thinking,
understanding abstract facts and geometrical figures in middle school is also
mentioned (MoNE, 2009b). Origami did not only influence elementary and middle
school mathematics curriculum, it was also emphasized in the high school geometry
curriculum. In this curriculum, origami is emphasized as an instructional tool and

some sample origami activities are included (MoNE, 2011).

In conclusion, there is a common idea among the researchers that origami is an
effective teaching aid in mathematics education in that it helps improvement of
students’ abilities in intuition, problem solving, imagination and spatial reasoning. In

this respect, researchers investigated the effect of mathematics instruction enriched
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with origami activities. In the following section, the studies related to origami will be

explained in detail.

2.3.2 Origami in International Research Studies

Since folding a square is compatible with geometrical problems, many studies on
origami have been conducted in the field of mathematics (Furuta, Mitani, & Fukui,
2008). Sze (2005) described the common characteristics between origami and the
constructivist learning theory. It was emphasized that origami has all the
characteristics of hands-on learning, higher order thinking, multimodal instruction,
social learning and self-management strategies described as major characteristics of
constructivism. Consequently, it can be determined that origami based activities can
be used in constructivist learning environments. Moreover, paper folding entails
effective mathematical usability (Higginson & Colgan, 2001) and origami helps

students communicate abstract mathematical concepts concretely (Georgeson, 2011).

In this sense, there are several studies conducted on the effect of origami-based
mathematics instruction. In one of them, Brady (2008) prepared a setting on origami
activities varying from easy to more difficult activities in order to investigate the
effect of paper folding activities in mathematics education. This study was conducted
over a period of 8 weeks with 26 students in grade 5. Students were given three
different activities of paper folding, which proceeded from the easiest to the most
difficult. Students were asked to write a reflection paper about the related activity.
These reflection papers were used to analyze the products of the activities and to
categorize students’ reactions. In point of cognitive skills, some of the reflections of
the students were as follows: ‘I learned the shapes’, ’I learned 3-d shapes’, ‘I learned
to form figures’ and ‘I learned that all mathematics have a pattern’; in terms of
affective skills, students reflected as ‘we had fun’, ‘we were happy’ etc. and finally
in terms of behavioral skills, students reflected as ‘it was hard to fold perfectly at the

beginning; however, we could overcome these difficulties through activities’.
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Therefore, it was concluded that origami in mathematics education has a positive
effect on cognitive, affective and behavioral skills.

In another study, Yuzawa and Bart (2002) investigated the impact of origami
activities on children’s size comparison strategies. Researchers selected twenty-four
5-t0-6 year-old children from an elementary school in the United States. Children in
the experimental group worked on origami activities in addition to size comparison
tasks, while the others in the control group worked on only size comparison tasks for
five days. The size comparison tasks including seven pairs of triangles, such as
congruent pairs, symmetrical pairs, and pairs with unequal bases but equal heights.
According to the findings, it was concluded that origami exercises increased the
success of students in size comparison tasks throughout the five days. Moreover, it
was found that origami has a positive effect on children’s size comparison strategies

in terms of one-on-another placement strategy.

On the other hand, Boakes (2009) investigated the effectiveness of origami activities
on spatial visualization skill and achievement of 7™ grade elementary students. In the
study, 56 students from 7" grade were chosen as participants according to the
convenience sampling method. A quasi-experimental design was used. There were 25
students in the treatment group in which students were applied instruction based on
origami activities in addition to the traditional method, while there were 31 students
in the control group in which students were applied instruction with only the
traditional method for one month. The researcher used an achievement test including
27 questions for geometry and spatial ability. According to the achievement test
scores, it was seen that the experimental and control groups had no significant mean
difference in their achievement. The researcher attributed the reason underlying this

result to time limitation.

To sum up, with its increasing importance, several studies were also conducted in

other countries. It is believed that origami-based instruction is effective; the

unexpected results are grounded on limitations such as time limitation. Although there
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are various studies related to origami, these studies are insufficient in respect to giving
information about how an origami-based instruction is conducted or what kinds of
activities should be used or which origami figures should be used for related topics.
In addition to the studies in international literature, there are also national studies.
They will be explained in detail in the following section.

2.3.3 Origami in National Research Studies

With its increasing importance in mathematics education for nearly all grade levels,
many studies were conducted in Turkey. Most of these studies investigated, by means
of experimental studies, the effect of origami-based instruction in mathematics
education in Turkey.

In one of these experimental studies, Akan-Sagsoz (2008) studied the influence of
origami-based instruction on the concept of fractions in grade 6. Convenience
sampling was used in the study and the participants were 80 students from a school
in Erzurum; an equal number of students were assigned to the control and treatment
groups. The traditional instruction method based on the textbook was implemented in
the control group, while lessons based on origami activities in addition to traditional
instruction were implemented in the treatment group. A pretest and posttest research
design was administered as an experimental setting. Whereas the scores of the two
groups in the pretest were not significantly different, their scores in the posttests were
significantly different. Moreover, in accordance with the scores of posttests, students
provided with origami activities had significantly greater scores than those in control
group. Therefore, it was concluded that paper folding practices affects students’

achievement in the fractions unit significantly.

Dagdelen (2012) also investigated how origami based instruction influence students’

academic achievement related to the concept of symmetry. The researcher used both

quantitative and qualitative techniques for the investigation conducted with forty 7t

grade students. The quantitative part of the study was conducted according to a quasi-

experimental pretest-posttest design. According to the analysis results, paper folding
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activities in lectures have a significant impact on students’ achievement score in terms
of the symmetry concept in grade 7. Therefore, it is concluded that origami based

instruction is more effective than the current instruction in the education program.

In her master thesis, Koylahisar-Diindar (2012) investigated the effect of origami
activities on 8" grade students’ constructing a relation between algebra and geometry
and making sense of the mathematical identity concept and modeling these
mathematical identities. A case study was conducted and the data were analyzed by
means of descriptive analyses. According to the results, it was concluded that
students’ ability to relate algebra and geometry was increased. Moreover, making
sense of the concept in their mind was supported with origami. An interesting result
was also found in this study. To the question of “which concept would you like to use
origami for?”, the answers of the students were “prisms, pyramids and cones etc.,
since there are many formulas for these concepts, and origami would be useful to

remember the formulas”.

Ozgelik (2014) also conducted a study to test the effect of origami-based instruction
on students’ achievement on the topic of postulates related to points and lines in
geometry learning area. The researcher prepared a pretest and posttest quasi-
experimental design with experimental and control groups. During instruction,
origami activities were used in the experimental group, while activities in the teacher
guide book were implemented in the control group. In data analysis, significant

differences were observed in favor of the experimental group in terms of achievement.

In another study, Bayraktar-Kurt (2012) examined the influence of origami-based
instruction on 8™ grade students’ ability and adequacy in two and three dimensional
thinking. It was a two-stage research study. In the first stage, “The Geometric Shapes
and Objects Test,” which consisted of 6 open-ended questions was completed by 165
students. The responses of the participants were analyzed by means of descriptive
statistics methods. In the second stage, a single group pre-test and post-test design

was employed with 32 students who were implemented origami-based instruction.
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This experimental group completed the Geometry Achievement Test before and after
instruction. The results of the data collected in the first stage showed that students’
three dimensional thinking ability was low. Achievement test scores gathered during
the second stage revealed that origami-based instruction had a significant positive

effect on 8" grade students’ geometry achievement.

Dagdelen (2012) also conducted an action research to reveal how origami practices
influence 5" grade students’ proficiency in special quadrilaterals and to determine the
impact of this change to Van Hiele levels of geometric thought. 5 students in different
thinking levels were selected from 20 students who had completed the Van Hiele
Geometric Test. These selected participants completed 16 open-ended questions and
were subjected to clinical interview on every type of quadrilateral. After the
interviews, they completed the Van Hiele Geometric Test and 16 open-ended
questions. The data gathered from the clinical interviews were analyzed descriptively.
The research findings revealed that origami-based instruction significantly increased
the students’ Van Hiele levels of geometric thought, their skills in drawing special
quadrilaterals, determining essential and supplementary elements, classifying these

elements’ features and also associating special quadrilaterals with each other.

In addition to these studies related to the effect of origami-based instruction, there are
also other studies which tested the effect of this method on the attitude of students in
addition to achievement. For instance, Takicak (2012) and Simsek (2012) studied the
effectiveness of origami-based instruction in the same way but related to different
topics. Both of them concluded that origami activities have a significant effect on
students’ achievement and attitudes toward geometry. In another study, Cakmak
(2009) conducted a study on the attitudes of 15 fourth graders, 9 from fifth grade and
14 from sixth grade from a private school in Ankara. Origami based instruction was
used during ten weeks in all groups to teach geometrical shapes and their properties
in her experimental design. The researcher collected qualitative data of reflection
papers and conducted face to face meetings in order to understand students’ attitudes.
At the end of the study, 37 of the total 38 students had gained positive attitudes
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towards using origami as a teaching tool. Moreover, reflection papers showed that
most of the students described origami as an enjoyable activity.

As can be seen, the researchers chose the students as participants of their studies.
However, the national literature is limited in term of studies with teachers. In this
sense, Arslan (2012) developed scales in order to measure beliefs and perceived self-
efficacy beliefs towards using origami in mathematics education and then applied
these scales to prospective mathematics teachers. Factor analysis related to the scales
of Origami in Mathematics Education Belief Scale (OMEBS) and Origami in
Mathematics Education Self-Efficacy Scale (OMESS) revealed that they were valid
and reliable instruments to measure prospective teachers’ beliefs and perceived self-
efficacy beliefs in terms of teaching mathematics through using origami. The
participants of the study were chosen from universities in three different regions of
Turkey in which participants have elective origami course experience and completed
these scales. The findings showed that teacher candidates powerfully believe in that
origami is useful and suitable to be employed in mathematics education. On the other
hand, their perceived self-efficacy belief level was a little higher than moderate level.
Lastly, the researcher also investigated gender differences in these scales and it was
found that female participants have a significantly greater belief and perceived self-
efficacy beliefs in using origami in mathematics education than male prospective

teachers.

In conclusion, the studies conducted in Turkey to investigate the impact of origami-
based instruction enriched with origami activities revealed that this instruction
method increases students’ success and attitude toward the lessons. However, when
the activities and their approach to instruction are examined, it is seen that their way
of implementing these origami activities are not well appropriate according to the
constructivist curriculum. During the activities, teachers showed how to fold sheets
of paper and the students followed the instructions. Subsequently, they were asked to

discover the mathematical idea behind this folding activity or they were directly
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explained. In this sense, the activities in the studies conducted in Turkey must be

revised.

2.4 Summary of the Literature

The review of the accessible literature showed that the curriculum emphasizes the use
of an inquiry approach, and there is evidence that inquiry-based instruction is an
effective method to increase achievement (e.g., Abdi, 2014; Altunsoy; 2008;
Caliskan, 2008; Celik, 2012; Ferguson, 2010; Kula, 2009; Maxwell, Lambeth & Cox,
2015; Sar1 & Bakir-Giiven, 2013; Sever & Giiven, 2014), attitude (e.g., Akpullukgu,
2013; Altunsoy; 2008; Caliskan, 2008; Celik, 2012; Kula, 2009; Laipply, 2004;
Supovitz, Mayer & Kahle, 2000; Wilkins, 2008) and self-efficacy (e.g., Kocagiil,
2013; Laipply, 2004; Ozdilek & Bulunuz, 2009; Roster, 2006; Thrift, 2007) especially
in science education. However, studies related to mathematics education are limited
to investigate its impact in mathematics. Consequently, in the present study it was

aimed to examine how inquiry-based mathematics instruction affects these variables.

The related studies have been conducted in both international and national contexts
to examine how inquiry-based instruction influences students’ achievement, attitude
and self-efficacy in various courses such as science, chemistry, biology and
mathematics. All these studies concluded that this instructional method increases
students’ achievement, attitude and self-efficacy. When these studies are examined in
terms of their context, it is seen that studies related to mathematics education are
limited. That is, it is hard to evaluate whether this method is effective on achievement,
attitude and self-efficacy in mathematics and how to use inquiry-based instruction in
mathematics effectively. Thus, the literature is seen as weak in this sense. Moreover,
especially the studies related to the effect of inquiry on self-efficacy are conducted
generally with pre-service and in-service teachers. For that reason, the studies
conducted with students may be given place to be able to have better idea related to

impact of inquiry-based instruction. Consequently, further studies need to be

46



conducted on the influence of inquiry-based instruction on students’ achievement,

attitude and self-efficacy in mathematics.

Moreover, literature review also revealed that curriculum and accessible resources are
also limited in terms of inquiry activities related to mathematics topics. In the light of
the information that many inquiry-based curricula are constructed on numerous
resources such as models or manipulatives and realistic problems to explore a given
concept (Lappin, 1995), the mathematics sources were examined and it was decided

that origami would be an appropriate tool for inquiry-based instruction.

In conclusion, inquiry-based instruction is proven as a significant method for
education in terms of both cognitive and affective skills. However, the studies are
limited to show its impact in mathematics education. For that reason, the purpose of
the current study is to examine the impact of inquiry-based instruction enriched with
origami on students’ achievement in reflection symmetry, geometry attitudes toward
geometry and self-efficacy in geometry which is regarded as an effective and
important instructional tool in both international and national mathematics education

programs to fill the gap in the literature.
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CHAPTER 111

METHOD

The aim of this study was to investigate the effect of inquiry-based instruction
enriched with origami activities on 7" grade students’ achievement in reflection
symmetry, attitudes toward geometry and self-efficacy in geometry. The goal of this
chapter is to give detailed information about the research design, population and
sample, data collection instruments, reliability and validity of the study, data
collection procedure, analyses of data, assumptions and limitations, and lastly the
internal and external validity of the study.

3.1 Design of the Study

This study aimed to investigate the effect of inquiry based instruction enriched with
origami activities on 7" grade students’ achievement, attitudes and self-efficacy
regarding geometry. To this end, the quantitative research method was employed to
examine the research questions. The quantitative method that was conducted was the
experimental research method. In experimental research, researchers seek for the
effects of at least one independent variable on at least one dependent variable
(Fraenkel & Wallen, 2006). According to Fraenkel and Wallen (2006), the most
important and distinct characteristic of experimental research is that “researchers
manipulate the independent variable” (p.267) and this characteristic enables them to
choose the nature of the treatment by means of the experiences that the subjects would
undergo and also the extent of these experiences. It is further claimed that
experimental research can serve beyond description and prediction and it is the most
appropriate design to investigate cause and effect relationships. Therefore, in the
current investigation of the effectiveness of inquiry-based instruction on students’

achievement, attitudes and self-efficacy regarding geometry, a static group pretest-
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posttest control group design, which is a type of experimental research design, was
utilized as outlined in Table 3.1. Intact groups were used; students from two already
existing classes were randomly assigned to either the inquiry-based (experimental) or
the regular (control) instruction group. The dependent variables were students’ post-
test scores gathered by means of the Reflection Symmetry Achievement Test (RSAT),
the Geometry Attitude Scale (GAS), and the Geometry Self-Efficacy Scale (GSES).

Table 3.1. Research Design of the Study

Groups Pretests Treatment Posttests
. I RSAT Inquiry-based RSAT
Experimenta GAS Instruction GAS
Gro
HP GSES (1BI) GSES
RSAT Regular RSAT
Control .
Grou GAS Instruction GAS
P GSES RI) GSES

3.2 Population and Sample

The target group for the study was determined as 7th grade students in public schools
in Altindag district of Ankara. The accessible population was constituted of 7th grade
students in public middle schools in the Ulubey neighborhood in Altindag.
Participants of the study were selected by means of the convenience sampling method,
which is a method by which the researcher studies with groups who are available for
the study (Fraenkel & Wallen, 2006). The sample of this study was selected from the
population of 7 grade students in a public school in the Ulubey neighborhood in
Altindag. In this middle school, students were at moderate and low achievement
levels according to the information supported by classroom teacher. There were two
classrooms of seventh graders, including 23 (16 females and 7 males) in one and 25
students (14 females and 11 males) in the other; one of them received inquiry-based

instruction and the other one — the control group - received regular instruction.
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3.3 Variables

Variables of the current study were categorized as Independent Variables, Dependent

Variables, and Covariates.

3.3.1 Independent Variables

Independent variable of this study was the treatment implemented. Inquiry-based
instruction was used in the experimental group, while regular instruction was used in

control group.

3.3.2 Dependent Variables

Dependent variables of this study were the studensts’ posttest scores on the Reflection
Symmetry Achievement Test, Geometry Attitude Scale and Geometry Self-Efficacy
Scale which measure students’ achievement in reflection symmetry, geometry

attitude and self-efficacy in geometry respectively.

3.3.3 Covariate

Possible covariates of the current study were students’ pretest scores on the Reflection
Symmetry Achievement Test, Geometry Attitude Scale and Geometry Self-Efficacy
Scale. These variables were analyzed and determined in the Determination of

Covariates section statistically.

3.4 Instruments

The data collection instruments used in the present study are the Reflection Symmetry
Achievement Test (RSAT), the Geometry Self-Efficacy Scale (GSES) and the
Geometry Attitude Scale (GAS). These instruments are discussed in the following
subsections in detail.
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3.4.1 Reflection Symmetry Achievement Test (RSAT)

The instrument was developed by the researcher specifically to examine 7™ grade
students’ achievement levels related to reflection symmetry concept. The instrument
was consisted of ten open ended reflection symmetry problems. Two of the items
were adapted from TIMMS (2011) and revised and the other items were written by
the researcher. While adapting already existing problems and writing new problems,
Middle School Mathematics Education Curriculum in Turkey was taken into account.
There were three objectives specific to refection symmetry in 7" grade mathematics
curriculum. In addition, the literature related to the topic was reviewed to be able to
develop appropriate items for the instruments. Therefore, in the light of the objectives,
a table of specification was prepared (See Appendix A) and the items of RSAT were

developed. Each item in RSAT is explained in detail below.

The first item presented in the Figure 3.1 was developed by the researcher to measure
the knowledge of students related to reflecting line segments on a plane. In the part a,
students are expected to draw the reflection of letter K which is consisted of line
segments. While content knowledge of students is measured in this part, in the part b,
procedural knowledge of the students is measure. In this sense, students are asked to

explain their strategy to reflect the given letter.

Q1
a) Draw the mirror reflection of the given letter of K.

mirvor

:

b) Explain how did you draw the reflection of the letter.

Figure 3.1. The first item of RSAT
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The second item which was developed by the researcher is represented in the Figure
3.2. This item measures both conceptual and procedural knowledge of students related
to reflecting points and shapes on a plane. Students are asked to reflect a shape with
points on it and explain their strategy to reflect. Moreover, they are also expected to
explain the relationship between the shape and its reflection to let them represent
conceptual knowledge related to reflection symmetry.

Q2:

a) Draw mirror reflection of given shape below.

b) Explain how did you draw the reflection of the shape.

¢) What kind of relationship is there between the shape and its reflection?

Figure 3.2. The second item of RSAT

The third item which was developed by the researcher measures conceptual
knowledge of students related to reflecting a figure placed on symmetry line.
Therefore, since the national mathematics education curriculum emphasizes working
on shapes which are placed on the line of symmetry, in this item the line of symmetry

is given right on the shapes as it is represented in Figure 3.3.
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Q3:

Which word is obtained when the given shapes are reflected over the line of d?

- DLDL

Figure 3.3. The third item of RSAT

The fourth item was also developed by the researcher to measure the conceptual
knowledge of the students related to reflection of a point as in the second item.
Moreover, in this item represented in the Figure 3.4, it is also measured whether
students know the relationship between the point and its reflection. Students are asked
to evaluate the change on the place of reflection according to the movements of the
point. With the parts of b, ¢, and d, it was expected to have insight into students’

conceptual knowledge of reflection symmetry.

Q4:
a) Draw mirror reflection of given point.

mimar
o -
-—

|
]
1
i
I
I
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I
b) What is the relationship between the distance of the point to the mirror and the
distance of the reflection to the mirror?

¢) If the point is translated 1 unit to the right, how many units and through which side
does its reflection point move?

d) If the point is translated 2 units down, how many units and through which side
does its reflection point move?

Figure 3.4. The fourth item of RSAT
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In the fifth item which was developed by the researcher, students are expected to show
their conceptual knowledge related to reflect a shape over a diagonal line. The
question is constructed within a real life context to make the question more familiar
to the students. When a shape can be folded into halves which match on each other,
the crease of the fold represents line symmetry. Since the students are used to folding
a paper, clothes etc., folding is included in the context of the question represented in

the Figure 3.5.

05:

In the feeding time at school, Ali spilled jam to his handkerchief. When Ali folded the
handkerchief over the line as shown in the figure below, jam also stained to other side.

a) Find the place that jam stained on the other side.

b) What is the relationship between the distances of two stains to the folding line?

Figure 3.5. The fifth item of RSAT

The sixth item, presented in Figure 3.6, is one of the common exercises related to
reflection symmetry that is frequently seen in textbooks. It helps measure the
knowledge of student regarding objects that have line of symmetry as it is emphasized

in the curriculum to do exercises with the shapes which have line of symmetry on

them.
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Qé:

1234567890

a) Which number given above has line of symmetry?

b) Show all existing lines of symmetry on these numbers below.

Figure 3.6. The sixth item of RSAT

The seventh item seen in the Figure 3.8 was adapted from a question in TIMMS 2011
for 4™ graders which is represented in the Figure 3.7. Students are asked to complete
given shape to a pentagon so that the pentagon should have a line of symmetry. Up to
that point the item was adapted from TIMMS. Students are not restricted so that they
are free to draw convex or concave pentagon. Moreover, in part b, students are asked
to draw line of symmetry belong to shape they drawn. The purpose of this part is to
have insight to the students’ thinking, what kind of line of symmetry they imagine

and complete the shape.
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Jay has to draw a shape.
It must have 5 sides.

It must have one line of
symmetry.

Jay has started to draw the shape.

Complete Jay’s shape.

Figure 3.7. The original version of the seventh item of RSAT

o7
Merve, wants to draw a pentagon.

a) Merve, started to draw the pentagon and two sides are left as seen below. Complete
the pentagon so that it must have one line of symmetry.

A

b) Draw the line of symmetry on the pentagon.

Figure 3.8. The seventh item of RSAT

The eighth item was adapted from a question in TIMMS 2011 for 8" graders which
is presented in Figure 3.9. The question is turned to an open ended question as seen
in Figure 3.10. The shape of the cut out piece is changed so that lengths of the cutout
figure is not given. The reason of this change is that students’ knowledge on reflection
symmetry concept is asked to be measured, not the knowledge of geometric shapes
or spatial ability related to geometric shapes. Students were asked to focus just on the
main purpose of reflecting a figure. Students are expected to imagine that the both

sides of this cut out piece are equal and they are reflection of each other over the
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crease on which the paper was folded. In part b, students are also asked to open the

left piece and apply the same procedure to this piece.

Pt

4cm

¥
—

1cm
A piece of paper in the shape of a rectangle is folded in half as shown in the
figure above. It is then cut along the dotted line, and the small piece that is cut
is opened. What is the shape of the cutout figure?

A. An isosceles triangle
B. Two isosceles triangles
C. A right triangle

D. An equilateral triangle

Figure 3.9. The original version of the eighth item of RSAT

08:

Ahmet folded a piece of paper in the shape of rectangle in half as shown in the figure
above. Then he cut along the dotted line.

a) Ahmet opened the piece that is cut. Draw the shape of the cutout figure.

b) Ahmet also opened the left piece. Draw the shape of unfolded left piece.

Figure 3.10. The eighth item of RSAT

The ninth item was adapted from a question in 2009 Proficiency Examination for
Middle School Seventh Grade Students which is represented in Figure 3.11. The
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question is turned to an open ended question as seen in Figure 3.12 to measure
students’ knowledge of reflecting a point over given line. Moreover, the question was
enriched so that students are not only asked to find the places of numbers under
reflection in part b, they are also asked to decide the place of the symmetry mirror to
reflect a number anywhere it is desired to reflect.

3
5
/ b
A 5 A
-3
bk

A symmetry mirror is placed perpendicular to
the number line above. When the symmetry
mirror is on the number “2”, on which number
is the number “-5" seen?

A) -2  B)-1 c)8 D)9

Figure 3.11. The original version of the ninth item of RSAT

09:

The numbers on a number line are reflected through a symmetry mirror which 1s placed on
this number line vertically, and the places of numbers’ reflection are decided.

a) Where should the symmetry mirror be placed on the number line below so that the
reflection of number “07 1s seen on the number “§77

| —
T 1
23 4% 5 B 7T B g

[
T T
g

b) If the symmetry mirror is placed on the line of k. which numbers are seen on each
other?

Figure 3.12. The ninth item of RSAT

The last item which was developed by the researcher is related to the patters

constructed through repetitive reflections of a unit as it is seen in the Figure 3.13. The
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rhombus is reflected three times over the given lines. Students are expected to decide
the piece which should be shaded.

Q10:

The pattern given below is created by reflecting rhombus A three times through the lines
on the right of the shape. Please, specify the regions which should be shaded to complete
the patter under the reflection.

Figure 3.13. The original version of the tenth item of RSAT

Test items were constructed in the light of the studies in the literature and the table of
specification. Moreover, TIMSS questions were inspiration for the researcher so that
7" and 8" items of the test were generated according to two questions published in
TIMSS 2011; one constructed for 4™ graders and the other for 8" graders. Validity of
the items in test was checked with two experts according to objectives in the table of
specification. In order to evaluate answers would be given to the test; rubric was
developed with the help of expert opinions. While developing the rubric, a framework
related to reflection symmetry was assigned to be able to categorize the responses.
With this regard, scoring in the rubric was determined in accordance with four-level
developmental approach explained by Kiichemann (1993). These four levels were

defined structurally as follow:

1. Global Level: In this level, students consider the objects as a whole and they

reflect these objects without reference points like angles, vertices, sides.
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2. Semi-analytic Level: In semi-analytic level, students reflect a part of the
object first and then draw the rest of the objects by matching with original
shape and size.

3. Analytic Level: Inthis level, students think fully analytically. Students reduce
the objects to critical points like angles, vertices, sides, and reflect these
points. Then, the images of these critical points are connected and the result

is accepted as a reflection of the original object.

4. Analytic-synthetic Level: In analytic-synthetic level, students use both
global and analytic approaches coordinately, and draw image precisely and
correctly.

Students’ possible responses were categorized according to these four developmental
levels so that while students at global level gets lowest point, ones at analytic-
synthetic level gets the highest point. A sample item and rubric belong to it is given
below in Figure 3.14 and Table 3.2.

Q4:
a) Draw mirror reflection of given point.

T mirror
ett ght e

Figure 3.14. First question in the RSAT
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Table 3.2. Rubric for the first part of 4™ question

Points | Description
3
et rhzht Y
- —= 1~
1
I
1 - -
| e  Correct reflection as same distance from
. : . the mirror with the original point and on the
| same horizon.
I
|
2 lelt right w  ilErer
-—— —- 1 . . i .
| e  Drawing point on the same horizon with
: the original point, but with wrong distance
[ from the mirror.
]
1 Reft right g mirror
— R 1~
1
: *  Drawing point with correct distance from
the mirror, but not on the same horizon with the
. original point.
0 e Drawing point not only with wrong distance from the mirror, but also not on the same
horizon with the original point.
* Other incorrect (erased, crossed out, illegible, stray marks, off task).

As it is seen on the Table 3.2, the possible responses were categorized according to
their characteristics and they were scored hierarchically. The students who reflect the
point correctly; same distance from the mirror with the original point and on the same
horizon get the highest points. On the other hand, the students who draw the reflection
not on the same horizon with the original point and with wrong distance from the
mirror get any points. The critical issue is here to decide the points of the students
who decide the horizon of the point correctly and the ones who decide the distance
from the mirror correctly. According to the literature, the reason of the students’
making mistake related to the position of reflection is that students do not consider

the slope of the lines. This shows that they are still in the global level (Aksoy &
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Bayazit, 2014). In this sense, it is decided that student who cannot place the point on
the required horizon is in the global level. Moreover, student who decided the place
of the point on the correct distance from the line are evaluated as in the higher level.
Therefore, they were coded in the rubric according to this consideration. Therefore,
all the items were scored according to four-level developmental approach, so that

maximum score which can be get in this test is 70.

3.4.1.1 Pilot Study

The achievement test was piloted with approximately 160 students. Participants of
the pilot study were chosen from Altindag and Mamak districts in Ankara. The
responses of these students were examined to modify test items and rubric according
to these possible responses. According to students’ responses, some of the items were

detected that they required some modifications.

For instance in the seventh item, the incomplete pentagon caused also students to get
confused. Many students got difficulty to decide on the midpoint of the base of
pentagon. While the tests were being completed, students reflected as “there is no
midpoint for the base of the pentagon”. They thought that the line of symmetry should
pass through the lines on the squared background of the sheet. For this reason, the

base of the model was changed as four units as it is seen in the Figure 3.15.

Figure 3.15. Revised model for the seventh item.
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Moreover, in the eighth item, the model given to represent the paper folded was
confusing since it was drawn wrong spatially. The model was constructed on a
squared base and named as rectangle. However, the folded version of the paper was
parallelogram while the opened version of this paper was concave hexagon. This
wrong visualization of the folded figure was discovered while applying the tests to
the students. Students stated that they could not understand the question. It was
confusing. For that reason, the model was changed as in the Figure 3.16 to make it

clear for the participants and in the correct form as rectangle.

Figure 3.16. Revised model for the eighth item.

In addition to this problem arose from the researcher, it was observed that students
confused the parts a and b so that they draw the response of part a under the part b.
That is students confused the small piece and large piece. For that reason, in the text

of the question, pieces were defined as small and large.

Therefore, the final versions of the test (see Appendix B) were constituted. Moreover,
the rubric was also revised according to the final version of the test and got its final

version (see Appendix C).

Furthermore, for reliability of the test scores, inter-rater reliability study was

conducted with 35 students of the pilot study. The answers were scored by researcher
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and one of her colleagues according to the rubric. Inter-rater reliability for the scores
given by these two teachers was calculated by using SPSS program. The items scored
same by both researchers were coded as “1”, while the items scored different were
coded a “0”. Cronbach’s alpha coefficient was found as 0.99. This value was not only
above .7, but also highly close to 1 so that the results gathered according to the rubric
were reliable with the sample. Although the scores were found reliable, the results
causing 0.01 points gap to highest reliability were examined. The items for which the
coders gave different scores were detected and discussed by the coders. The reasons
causing inconsistency between scores were examined and both questions and rubric
were reorganized. Particularly, it was seen the most significant problem was related
to the 8™ item, which the students confused the responses for part a and part b as it
was stated above. While one of the coders took this situation account and evaluated
the responses according to the drawings by ignoring where they were drawn, the other
coder did not tolerate the responses drawn in the wrong part. Other than that situation,
there was not any other inconsistency between the coders. It was thought that this

problem might be overcome by modifying the item as it was explained above.

3.4.2 Geometry Attitude Scale (GAS)

To be able to measure students’ attitudes towards geometry, the Geometry Attitude
Scale (GAS) developed by Bulut, Iseri, Ekici and Helvaci (2002) was administered
to the participants as pre- and post-tests. GAS consisted of 10 positive and seven
negative items in the form of a five-point likert scale, ranging from strongly agree (5)
to strongly disagree (1). Obtaining a high score in total (max. 85) means that the
students have a highly positive attitude towards geometry. The scale measures three
dimensions: like/dislike geometry, usefulness and anxiety of geometry. Its reliability
coefficient (Cronbach alpha) is measured to be 0.92 by the developers of the scale. A
sample item and Cronbach alpha values belong to each dimension is given in Table
3.3.
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Table 3.3. Sample Items for the Dimensions of GAS

Dimension Sample Item Cronbach
Alphas
Like/dislike geometry I like topics in geometry. .93
Usefulness Geometry is useless in real life. .61
Anxiety | have geometry anxiety. 57

For the final version of GAS, see Appendix D.

Pallant (2001) states that Cronbach alpha coefficient belong to a scale should be above
.7 ideally. In the current study, Cronbach alpha values related to the sub-dimensions
were also found to be reliable: .909 for like/dislike geometry, .709 for usefulness, and
717 for anxiety. GAS as a whole was also found to be highly reliable for the current

study with a Cronbach alpha value of .875.

3.4.3. Geometry Self-Efficacy Scale (GSES)

In order to measure students’ self-efficacy in geometry, the Geometry Self-Efficacy
Scale (GSES) developed by Cantiirk-Giinhan and Baser (2007) was administered to
the participants as pre- and post-tests. GSES consisted of 18 positive and seven
negative items in the form of five-point likert scale, ranging from strongly agree (5)
to strongly disagree (1). Obtaining a high score in total (max. 125) means that the
students have a high level of self-efficacy in geometry. The scale measures three
dimensions: positive self-efficacy beliefs, beliefs on the use of geometry knowledge,
and negative self-efficacy beliefs. A sample item is presented for each dimension in
Table 3.4.
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Table 3.4. Sample Items for the Dimensions of GSES

Dimension Sample Item Cronbach
Alphas

Positive self-efficacy I can understand the concepts in 872

beliefs geometry easily.

Negative self-efficacy I think that I am not good at .694

beliefs geometry as my friends are.

Beliefs on the use of I can use knowledge of geometry in 734

geometry knowledge other courses.

Moreover, the reliability of the scale was tested by Cantiirk-Giinhan and Baser (2007)
and the Cronbach alpha coefficient was found to be .90 which means it is highly
reliable. For the final version of GSES, see Appendix E. In the current study,
Cronbach alpha values related to the sub-dimensions were also found to reliable: .818
for positive self-efficacy beliefs, .702 for negative self-efficacy beliefs, and .713 for
beliefs on the use of geometry knowledge. With a Cronbach alpha value of .868, the

GSES as a whole was found to be highly reliable for the current study.

3.5 Development of Activities

In the present study, activities for experimental group were developed in accordance
with the principles of inquiry-based instruction. All of the activities and questions
were prepared by the researcher and constructed on real life situations. Some activities
and questions were constructed on anonymous origami figures, such as an origami
fish, a fox, and paper doll chains. The reason why these figures were chosen was that
they all contained reflection symmetry. The researcher started by choosing the most
appropriate paper-folding activities and origami figures containing reflection
symmetry. After deciding on the figures, problems were written related to these
figures for students to apply inquiry process. The activities were developed to give

students the opportunity to relate folding and reflection symmetry.
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The first activity: Buttered Toast

The name of the first activity is “Buttered Toast” and it is related to the following
objective: “students will be able to draw reflection symmetry of pints, line segments
and shapes on the plane”. According to the activity, a problem situation IS given as
follows: “There are two slices of bread. Butter is spread on one of them and the other
slice is placed on the buttered slice. When the slice on top is taken back, how does it

look?” Students are given a toast model as in Figure 3.17 to work on it.

(N

Figure 3.17. Toast model

The reason for giving the model was to give students the chance to fold one slice on
the other. Students are not told to fold the model directly. They are expected to
discover the necessity of folding in order to find the place which was stained in butter

as in Figure 3.18.

Figure 3.18. Opened version of the toast

After they fold the model to solve the problem, they are asked why they use this
method and why this method give us the correct answer. Students are asked questions

such as “Why did you fold the model?”, “How can you be sure that it is true?”, “How
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did you fold it?”, “How can you be sure of the crease to fold?”, and “What is the role
of the crease on which you folded the model?” to make them explain their solutions
and show evidence for their explanations by following the steps of inquiry. To make
them discover the reflection symmetry behind paper folding, students are asked
“how” questions as a key process in inquiry to make them communicate and support
their explanations mathematically. During the discussion students started to realize

the relation between folding and reflection symmetry.

In the second part of the activity, four drops of honey are added to another buttered
bread prepared for Osman. In this part, again a piece of paper is placed on another
which is buttered and has honey drops. Students are asked to draw how the piece on
the top looks like when it is taken back. Students were given a bread model as in

Figure 3.19 to work on it.

Figure 3.19. Toast model with honey drops

Students are expected to reflect points (honey drops) in addition to trapezoid (butter).
They are again required to work individually as the first step of inquiry approach.
Students who work on themselves solve the problem and develop their own
explanations. When they complete the given task and ask for the confirmation from
the researcher, they should be told to ask their peers. Therefore, they discuss with
their peers and explain their reasoning. They try to convince their peers if they find
different results. They make explanations and show evidence to prove their findings.
They even start to use properties of reflection symmetry. For instance, they show the

nature of reflection symmetry for the reason of folding the model into two equal
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pieces? They make evaluation of their explanation according to the explanations of
others as inquiry requires.

The Second Activity

The second activity is making an origami fish which was prepared to make students
familiar with the folding process and make them realize the reason of reflection
behind this activity. Students were guided by the instructor to construct the fish step
by step as in Figure 3.20.

Figure 3.20. Step by step origami fish
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After each fold, students are asked to examine and discuss the figure they construct.
For instance, after the 8" step, a discussion can be held with a question posed by the
researcher, namely “What do you see here on the folded paper?”, as seen in Figure
3.21.

L I

Y 4

Figure 3.21. Eighth step of the origami fish

Students are expected to say that they see triangles. At that time the researcher asks
whether or not there is a relationship between these triangles. At that time, students
are expected to say that there is relationship since they are congruent. Some of them
say that they are not congruent since their directions are different. They start a
discussion in the classroom. The volunteers are asked to explain their reasoning. They
try to convince each other and refute the opposing arguments. The students who think
that they are congruent and the others who think that they are different owing to their
different directions are given chance to discuss and explain their reasoning. At that
point students are expected to explain their answers and evaluate their reasoning
through the explanations of others. At the end of the discussion, they are expected to
realize that these two triangles are symmetric to each other as a result of evaluation
of their explanation in cooperation. The researcher asks them how they arrived at that
decision to be able to follow whether they complete inquiry process successfully.
They are expected to explain that by folding the model into two and prove that the
triangles match each other. When they are asked how they decide on the line to fold,
they are expected to say that they choose the line between the two shapes to be able
to match them when the paper is folded according to that line. Moreover, the students
are expected to define that line as line of symmetry and discover that each step has a

line of symmetry as seen in Figure 20. Thus, the students were expected to be familiar
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with the paper-folding and its relations with symmetry through such discussions

during the inquiry process.

The Third Activity

The name of the third activity is “Painted Handkerchief” and it is related to the
following: “students will be able to discover the equality between the distance of a
point on the shape to a symmetry line and the distance of the image of this point to
the symmetry line under reflection”. The scenario of the activity was written based
on folding a painted handkerchief as in Figure 3.22 and finding the painted parts of
the handkerchief after unfolding it. Students are again given a handkerchief model to
be able to work on concretely. During this activity, students reflect a point not only
vertically and horizontally, but also diagonally since the use of reflection through

diagonal lines is emphasized in the curriculum.

Figure 3.22. Painted handkerchief

However, for the steps ahead, students are not given any diagram or figure to see how
to fold the handkerchief, so they are just given verbal directions. They are asked to
find the painted parts after folding it vertically and horizontally without unfolding the
first step and to find the painted parts after folding it vertically, horizontally and
diagonally. Since they are familiar with the folding procedures from the previous
questions, they are asked to combine what they know. The last question is asked them
to discuss their folding. They are expected to realize that they may find different

solutions because of their way of folding. In this sense, they are asked to compare
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their findings with those of others. If there are different solutions in the classroom,
they are asked to decide on which one is correct. The researcher asks them to convince
each other. This procedure is expected to give them the advantage to make
explanations and to show evidence to their explanations. They are also expected to
use mathematical language such as symmetry, reflection symmetry, and line of
reflection. They should not only defense their solutions, but also discuss the solutions
of others. They should also evaluate their own solutions under the light of others’
explanations. At the end of the discussion, they are expected to realize that there are
also other solutions which vary according to the place of the line of reflection, so the
direction of the diagonal line changing the results.

The Fourth and the Fifth Activity

The names of the fourth and fifth activities are “Let’s find the fox” and “Let’s find
the rabbit” and they are related to the following objective: “students will be able to
discover the equality between the distance of a point on the shape to the symmetry
line and the distance of the image of this point to the symmetry line under reflection
symmetry. The shapes on the symmetry line are also used” (MoNE, 2013). In these
activities, students are given crease patterns to construct a fox. Crease patterns means
the collection of crease lines and vertices in the unfolded paper (Belcastro & Hull,
2002). These crease patterns consisted of two types of creases: mountain creases and
valley creases (Hull, 1994). These creases are shown in Figure 3.23. The mountain
creases are drawn with a dot-dash-dot line, and valley creases are drawn with a dashed

line.

5> ||

Figure 3.23. A mountain crease (left) and a valley crease (right).
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According to this information, students are given a square paper with creases drawn
on it. The meaning of the colors is explained to them, that green meant mountain
crease and red meant valley crease as shown in Figure 3.24.

N, €
©

Figure 3.24. Origami fox and the creases belonging to it.

Students are asked to fold the paper according to these ceases to construct the given
fox. They are expected to see that valley creases and mountain creases are reflection
symmetry of each other according to one crease which divides the paper into two
diagonally. This single crease represents the first fold. Since the paper is folded into
two according to this crease, each of the following folds result in two creases, which
are symmetric to each other. At the beginning, students may not figure out how to
fold it. They may try to fold through the creases. However, it is more complicated at
that time. Some of them may start to attribute meaning to the colors of the creases and
make such comments as “Why were we given creases in different colors?”, “There
must be a reason for these colors”, “I will fold from the creases”. When they start to
fold based on the meaning of the colors, they realize that the direction of the two
halves of the paper is inverse. They are expected to put these two halves together, and
realize the importance of the diagonal crease. When they start by folding the paper

into half from the diagonal line, after that step, it will be enough to follow only the
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mountain creases or the valley creases. They should be asked why they follow only
one type of crease. They are expected to explain that when they fold according to one
type of crease, the other creases are also folded since they are symmetric to each other

according to the big diagonal line.

Students first start with the fox activity since it has fewer steps than those in the rabbit
activity. The students who complete the fox activity start the rabbit activity, which is

more complex.

The Sixth Activity

The sixth activity is constructed on the following objective: “students will be able to
draw the image of a shape after reflecting consecutively” (MoNE, 2013). This
activity actually consisted on one single scenario with five different models. Students
are asked to use the scissors as little as possible to extract the shapes out of the paper.
They are given five different models from simpler to more complex ones. Students
are expected to find the line of reflection symmetry and fold the figure according to
these lines. Each shape is constructed by the reflection of a unit piece consecutively:
paper chain. Instead of cutting the paper from the borders of the shape, students are
expected to fold the paper according to the lines of symmetry and cut from the border
of unit pieces so that the others will be automatically cut from their borders. To

illustrate, the first paper chain is presented in Figure 3.25.
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Figure 3.25. Paper chain butterfly and the symmetry lines on it

The students are asked to use scissors as little as possible. However, it is hard for them

to understand what is meant by using as little as possible. They try to cut the butterfly
out through all the borders. They are asked whether they can find any way to cut

requiring less effort with scissors. They are expected to start to make comments such
as “I must cut less than this, how I can minimize the use of the scissors?” and become

aware of the line of symmetry as expected. They will fold the model into two and cut
it through one wing of the butterfly as in Figure 3.25. They are asked “how can you

be sure that this is the way to use the scissors minimally?”. They should show

evidence that there are no more lines of symmetry to fold.

After this butterfly model, students are given more complex models to cut out. For

instance, they are given a flower as the third model as in Figure 3.26.
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Figure 3.26. Paper chain flower and the symmetry lines on it.

Students are expected to fold the figure into eight equal parts according to the
symmetry lines i.e fold the figure into halves three times. Since they will be familiar
with the problem from the previous models, they are expected to start to fold the paper
into two and cut the figure out. When they finish, they are asked to discuss with their
peers whether they are right. There may be students who fold the paper just once
before cutting. They will be explained and shown evidence by their peers. They will

also evaluate their explanations in light of the explanations of their peers.

In conclusion, the activities are developed and applied in the classroom according to
the features of inquiry-based instruction. That is, lessons are planned in order to give
students the chance to take advantage of inquiry by means of posing questions,
gathering evidence, formulating, evaluating and communicating explanations in

origami activities.

The activities developed by the researcher were examined by two mathematics
education researchers on mathematics education from the faculty of education. The
activities were developed in accordance with the feedback provided by the experts.
For instance, they suggested using real life contexts in order to ensure students’
involvement in the activity more effectively and to make the activity clearer to the

students. Moreover, in the beginning, the creases in the fourth and fifth activity were
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not colored. It was not clear and, thus, difficult for the students. They suggested giving
some clues to make it simpler for the students. The creases were colored to specify
whether they were mountain or valley creases. Furthermore, the last activity consisted
of just two models; butterfly and children model. While one of them was very simple,
the other one was very complex. They suggested adding some more models to
construct a bridge from the simplest to the most complex one.

After the activities reached their final version, a pilot study was conducted. The
activities were applied to two classes of 8™ grade students in a public school by the
researcher. Since the pilot study was conducted in the fall semester of the 2015-16
academic year and translation symmetry was the subject of 7" graders in the spring
semester, the pilot study was conducted with two classes of 8" graders who had
already known the subject. The activities were tested in order to find out whether the
students could understand the activities and how much time was needed to complete
them. By means of the pilot study, it was realized that some drawings in the activities
caused misunderstandings. For instance, in the first activity, the drawings were not
found clear to the students. The preparation steps of a toast were represented as in
Figure 3.27. According to the figure, the piece on the right represents the whole toast
which contains both slices. However, students thought that it was the slice on which

they were expected to draw the opened version.

Figure 3.27. Toast model
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Thus, the students were confused. Therefore, the model was changed to the version
in Figure 3.28. Students were asked to draw their answers on the blank squared area

under the question.

Figure 3.28. The last version of the toast model

Moreover, in the third activity, students were asked to find the place of the stain after
folding the handkerchief vertically, horizontally and diagonally, respectively.
However, students did not understand how to fold it. They asked what folding
vertically meant or what folding diagonally meant. They asked the researcher for
clarifications. For this reason, it was decided that the students should be guided by
means of the drawings on the activity sheet to make the questions clearer for them as

seen in Figure 3.29.

Figure 3.29. Folding the handkerchief vertically, horizontally and diagonally
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Moreover, the texts of the activities were a little confusing for the students. During
the treatment, the students asked the researcher to explain the activity and what they
should do. For instance, in the fox activity, the students could not understand the
explanations related to the direction of creases. They asked what the colors and the
creases meant. Consequently, it was decided that the students should be shown a
sample folding for both mountain and valley creases on another piece of paper. After
this warm up, they understood the meanings of the creases. Subsequently, it was
decided that the creases during the previous activities, for instance while constructing
the origami fish, should be emphasized. Thus, students could adapt to the activity
related to constructing a fox and rabbit easily.

To conclude, the activities were implemented with 8" grade students and each activity
took approximately 35 minutes. The problems were detected and noted down during
this pilot study. The texts of the activities were simplified and the drawings were
reconstructed in order not to cause misunderstandings for the students. For the final

versions of the activities, see Appendix F.

3.6 Data Collection Procedures

The data were collected from two seventh grade classes from a public school in the
Ulubey neighborhood in Altindag district of Ankara during the spring semester of the
2015-16 academic year during approximately 3 weeks. First of all, official
permissions were taken from the school, from the METU Ethics Center and the
Ministry of Education. The study was under control not to cause any physical or

psychological harm to the participants.

Students were administered the Reflection Symmetry Achievement Test (RSAT), the

Geometry Self-Efficacy Scale (GSES) and the Geometry Attitude Scale (GAS) before

the treatment as pretests in order to measure students’ existing knowledge, attitude

and self-efficacy. Two already existing classes participated in the study; one was

assigned to the control group, while the other was assigned to the experimental group.
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Lesson plans for the control group were prepared in accordance with the students’
regular mathematics textbook, yet the lesson plans for the experimental group were
prepared using distinct sources other than regular mathematics textbooks in such a
way that the lessons were carried out using origami activities in the topic of properties
of reflection symmetry: the lesson plans for both groups were prepared by the
researcher. The opinions of the teacher of the classes were also taken into
consideration. The prepared lesson plans applied in both groups were previewed by
the teacher of the classes to evaluate their appropriateness to the subject matter and
their efficiency in reaching the specified objectives.

Instructions were planned to be conducted in three weeks, totally fifteen class hours
for each group during the 2015-16 spring semester. However, before the instruction
of reflection symmetry, there were prerequisite objectives on translation symmetry in
the unit of transformation geometry. These objectives related to translation geometry
were also taught by the researcher during 7 class hours (5 hours of mathematics course
and 2 hours of mathematics applications course) in the light of the lesson plans
prepared by the teacher of the classrooms. After a one-week period, which was also
a warm up session for both the researcher and the students to get used to each other,
the main study started. The reflection symmetry instruction was conducted as
explained in the following section. Both the control and experimental groups were
instructed by the researcher in their regular mathematics class hours. At the end of the
instruction, students were administered the Reflection Symmetry Achievement Test
(RSAT), the Geometry Self-Efficacy Scale (GSES) and the Geometry Attitude Scale
(GAS) as posttests.

3.7 Implementation of Treatment

In this section, treatments given to both experimental group which is inquiry-based

instructed and control group which is regularly instructed are explained in two parts.

80



3.7.1 Treatment given to Experimental Group

Inquiry-based instruction was implemented in one class in a public middle school for
five mathematics lessons in a week. In the first two lessons, students were given an
activity sheet entitled “Buttered Toast”, in which they had to perform hands-on
inquiry activities about reflection symmetry. They completed the activity and realized
the relationship between folding and reflection symmetry. During the activities, the
role of the researcher was that of a facilitator as a teacher whenever students felt the
need. However, students were not guided in solving the problems since inquiry
requires students to discover new knowledge. They were just provided with the
explanation of the scenario in the problem and were then asked to work on the
problem by themselves. Students were expected to use their prior knowledge and
construct new knowledge through inquiry. Students who had finished the activity
were told to compare and discuss their solutions with the researcher and their peers.
They were expected to support their reasoning though their previous knowledge in
reflection symmetry. They made explanations related to their solutions by using
mathematical language. For instance, in the activity of buttered toast, they were
expected to name the creases formed as line of reflection so that it should be located
in the middle of two slices. Subsequently they showed evidence for these explanations
as it was expected in inquiry-based instruction by folding. They also valuated their
own solution according to the explanations of others. During this procedure, the
researcher made the students think and discuss by posing some questions which is the
first requirement of inquiry such as “How can you be sure that it is correct?”, “How
did you decide to fold from that crease?”,” Is there any other way to fold?”. At the
end of the activity, one of the students explained the solution and then the whole class
discussed the solution. The purpose of discussion sessions was to make students to
make explanations through evidence and evaluate their explanations through other’s

responses which are constitute the process of inquiry-based instruction.

While the students were doing activities with concrete models offered to them, terms
like symmetry, reflection, inverse, and folding were not used until they were spoken
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out by the students. After the students experienced these concepts and needed a
common term to define, for instance, the congruent shapes on the paper, these terms
were used by the students. The students did not learn that folding a paper created
symmetric figures. Since they had already known the term ‘symmetry’, they used this
term during the activities. That is, they discovered the relationship between origami

and symmetry.

In the activity sheets, there were some drawings and figures to make the activities
clearer for the students. For instance, in the activity of painted handkerchief, how to
fold vertically, horizontally and diagonally is represented in the activity sheet to make
students understand basic procedures. However, for the following steps which include
more than one fold, they were not given any directions since they were expected to
construct their own figure and discuss on this figure mathematically. Moreover,
concrete models drawn on the papers were given to the students for each activity. The
aim of these models was to give students a chance to fold and discover the
mathematical dimension of origami, which is symmetry. They were given these
models to work on them so that they could realize the necessity of folding. The
students, who discussed their reasons to fold, also realized the relationship between

folding and reflection symmetry.

3.7.2 Treatment given to the Control Group

After the population and sample of the study were defined, the researcher observed
the regular lessons of the selected classes to understand the teacher’s teaching style.
The teacher was using direct teaching method. He presented the content, the
fundamental principles, the necessary formulas and asked the students to note them
down. After the students had written in their notebooks what was on the board, he
solved sample quantitative examples on the board. He gave general rules to solve
these examples, and wrote some more questions as he solved them. He did not use
any manipulative or real life examples. Therefore, the researcher intended to use this
lecture method.
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During the treatment, the researcher taught reflection symmetry concepts according
to regular instruction. The researcher made the required definitions and explanations.
Exercises were solved on the board and students noted them down. The researcher

did not use any manipulative material or mention paper folding during instruction.

3.8 Analysis of Data

In this study, quantitative analysis techniques were used to examine the data collected
from the RSAT, GAS and GSES. Both descriptive and inferential statistics were
evaluated. According to the analysis results in the SPSS program, descriptive
statistics, namely the means, standard deviations, skewness and kurtosis values of
RSAT, GAS and GSES scores were examined for both groups. To investigate the
differences between the mean scores of the experimental and control groups on
RSAT, GAS and GSES, Analysis of Covariance (ANCOVA) was used while
controlling the pretest scores. The hypotheses were tested according to a level of

significance of .05.

3. 9 Assumptions and Limitations

In this section, information is given related to the assumptions and limitations of this

study.

In the current study, experimental group was assumed to be instructed through
inquiry-based instruction. In the light of the requirements of inquiry, approach,
activities were developed for students to have them discover the properties of
reflection symmetry conceptually. It was assumed that the activities used in the
current study were appropriate for the objectives in the curriculum and the grade level
of the students. It was also assumed that the activities and models were closely related
to the concepts of the reflection symmetry and were effective in teaching students by
means of origami figures in real life problem situations.
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Moreover, the instruments of the study were assumed to measure related variables.
Another assumption was that all participants responded to the questions in the tests
seriously without omission. Furthermore, it was assumed that the items in the tests

were understandable to the students.

On the other hand, participants of the study were selected by the convenience
sampling method in which the researcher studies with individual groups available for
the study (Fraenkel & Wallen, 2006). Since the sample included participants only
from one public school and only two classes of 71" graders in this school, the sampling
method of the study limited the generalizability of the results.

Lastly, since the study contained only one geometry topic, the results of the study
could not be generalized to other geometry or mathematics topics. However, clues,
advice, techniques and resources that would help instructors to create origami based
activities for other mathematics topics will be stressed in this study. Moreover, the
results are also limited with respect to the instruments used and the sample chosen.
The results may not reveal the same findings for another sample or according to data

collected through other instruments.

3.9 Validity of the Study

Issues of internal and external validity are crucial for all kinds of studies. Thus, the

two validity types are discussed in this section.

3.9.1 Internal Validity

If a dependent variable in a study changes and this change is only related to the
independent variable, it can be said that this study is internally valid (Fraenkel &
Wallen, 2006). There can be several threats to internal validity depending on the type
of the study. All these threats should be kept in mind in all stages of the study and
some precautions could be taken in order to eliminate these threats.
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Mortality, the loss of subjects, is one of the internal threats in experimental studies
(Fraenkel & Wallen, 2006). During this study, there were some students who changed
their schools. Although they had completed the pretests, they could not attend all the
class hours and left the school. Since the number of these students was low, these

students were omitted from the study.

Location is another threat to internal validity in experimental studies and it occurs
when the participants are applied treatments or instruments in different places
(Fraenkel & Wallen, 2006). Since the data was gathered from two classrooms and the
treatment was implemented in students’ regular rooms and classroom hours, the

location threat was eliminated.

It is possible that any event that might occur throughout the study can affect the
responses of the participants, which constitutes the history threat (Fraenkel & Wallen,
2006). To be able to eliminate this internal threat, all kinds of events (e.g. national
and religious holidays, exams, etc.) that were likely to occur at any phase of the study
were taken into consideration. The time interval to apply the instruction was planned
according to the 23 April International Children's Festival so that instructions could
be completed before the 23" of April. Also the school administration and personnel

were informed about the time and location of the treatment.

Maturation might be another threat for internal validity so that it occurs when the
dependent variable changes due to events which are naturally occurred out of
researcher’s control (Fraenkel & Wallen, 2006). However, in the current study, there
was approximately a month between pretest and posttes. And, any maturation might

have occurred in this time interval.

Implementation threat occurs when the person who implements the experimental

group has personal bias (Fraenkel & Wallen, 2006). In the current study, both

experimental and control groups were instructed by the researcher who tried to be

unbiased in each group during the lessons. Implementation threat was assumed to be
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reduced in this way. In the same way, data collecteor bias was also taken into
consideration. Pretests and posttests were both implemented by the researcher who
did not help students and was unbiased while students were completing the tests.

Instrumentation treat occurs when the instrument or scoring procedure is changed in
some way (Fraenkel & Wallen, 2006). For both experimental and control groups,
same instruments were applied in the same conditions. Students’ attitudes towards
geometry and self-efficacy in geometry were measures through five Likert type
scales. They were assumed to be scored unbiased. Scale and Geometry self-efficacy
scale scored. For the achievement scores in reflection symmetry, a test consisted of
ten essay type items used. Students’ responses were scored by researcher and her

colleague through the rubric of the test.

According to Fraenkel and Wallen (2006), using a pretest can result in the pretest-
treatment interactions threat. Implementation and content of a pretest might make the
experimental group members be alerted to what will be taught and the objectives of
the study. Since the post-test was exactly the same as the pre-test, the pretest-
treatment interaction threat might have been a possible threat for this study. To be
able to eliminate this threat, there was approximately a one-month interval between

the pre-test and post-test.

3.9.2 External Validity

Fraenkel and Wallen (2006) defined external validity as “the extent to which the
results of a study can be generalized from a sample to a population”. External validity
involves two dimensions, namely population generalizability and ecological

generalizability.

Population generalizability means “the degree to which a sample represents the

population of interest” (Fraenkel & Wallen, 2006). Convenient sampling was the

sampling method used in the present study, yet convenient samples are not likely to
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represent populations (Fraenkel & Wallen, 2006). Therefore, the current study was
limited in its generalizability of the results to the population. In addition, since the
students were from only a public school in Ankara, which is the capital of the country,
the population generalizability, was affected negatively in such a way that the results

could not be generalized to private school students.

Ecological generalizability means “the degree to which the results of a study can be
extended to other settings or conditions” (Fraenkel & Wallen, 2006). Again, since this
study was carried out with students only from a public school which was close to the
city centrum, the results could not be generalized to other students. Since the school
was chosen conveniently, the findings cannot be generalized to a larger population.
However, the results can be generalized to a population of samples having similar

characteristics with the sample of this study.
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CHAPTER IV

RESULTS

This chapter includes four sections related to the results of the study. In the first three
sections, descriptive and inferential statistics, which includes missing data analysis,
determination of covariates, assumptions related to ANCOVA and results of
ANCOVA, are presented related to the first, second and third research questions,

respectively. Finally, the summary of the results is presented in the last section.

4.1 Results of the First Research Question

The first question is “What is the effect of inquiry-based instruction enriched with
origami activities on the 7" grade students’ achievement in reflection symmetry when
the effect of students’ pre-test scores of achievement in reflection symmetry, attitudes
towards geometry and self-efficacy in geometry are controlled?” With the purpose of
examining the effect of an inquiry-based instruction on the students’ achievement in
reflection symmetry, this section aims to present the results in two main parts:

descriptive and inferential statistics.

4.1.1 Descriptive Statistics

In this part, descriptive statistics of the pretest and posttest scores of the students
obtained by the Reflection Symmetry Achievement Test (RSAT) are presented to
describe and characterize the data. RSAT was administered to the students before and
after the treatment respectively as pretest (Pre_RSAT) and posttest (Post RSAT).
Descriptive statistics related to the pretest, the posttest, and the gained scores of the

experimental group are represented in Table 4.1.
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Table 4.1. Descriptive statistics for both the pretest and posttest scores of the

experimental group

Pre_RSAT Post_RSAT (Poftatl:er;flg(r)erteest)
N 23 23 23
Minimum 1.00 14.00 5.00
Maximum 54.00 62.00 39.50
Mean 22.65 42.54 19.89
Std. Deviation 17.31 14.86 9.08

Table 4.1 indicates that while the students in the experimental group had a mean score
of 22.65 (SD = 17.31) on the Pre_RSAT, their mean scores in the Post_RSAT was
42.54 (SD = 14.86) out of 70. Thus, the mean of the gain score was 19.89 (SD= 9.08),
which shows that there is an increase in the Reflection Symmetry Achievement Test
scores of the 7™ grade students’ in the experimental group after the treatment.
Moreover, it can be seen that both minimum and maximum values of the pretest
scores (Minpye rsat = 1.00, Maxp,e rsat = 54.00 ) of the students in the experimental

group increased after the intervention (Minp,st rsat = 14.00, Maxpst rsat = 62.00).

The descriptive statistics related to the pretest, posttest, and gained scores of the

control group are presented in Table 4.2.

Table 4.2. Descriptive statistics for both the pretest and posttest scores of the control

group

Pre RSAT  Post RSAT (Pofzg;f;fer;t)
N 25 25 25
Minimum 0.00 0.00 -11.00
Maximum 58.00 62.00 26.00
Mean 26.46 33.30 6.84
Std. Deviation 17.10 18.65 10.36
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Table 4.2 indicates that while the students in the control group had a mean score of
26.46 (SD =17.10) on the Pre_RSAT, their mean scores in the Post_ RSAT was 33.30
(SD=18.65) out of 70. Thus, the mean of the gain score was 6.84 (SD= 10.36), which
shows that there is an increase in the Reflection Symmetry Achievement Test scores
of the 7" grade students’ in the control group after the treatment. However, the
amount of increase is not as much as the gain score of the experimental group (19.89).
Moreover, it can be seen that while the minimum value of the pretest scores remain
stable (Minpye rsat = 0.00, Minp,st rsat = 0.00 ), the maximum score of the students
in the control group increases after the intervention (Maxpe rsaT=58.00,

MaXPOSt—RSAT = 6200) .

In conclusion, the descriptive statistics related to the pretest and posttest scores of
both groups have been presented in this part. It is clearly seen that the mean difference
between the posttest and pretest scores of the experimental group is higher than that
of the control group. The differences will be examined statistically in the analysis

below.

4.1.2 Inferential Statistics

In addition to the descriptive statistics, which helped to describe the data gathered by
means of the Reflection Symmetry Achievement Test, inferential statistics were used
in order to test whether there was a statistically significant difference between the
experimental and control groups. Before the Analysis of Covariance (ANCOVA),
missing data analysis was conducted. Subsequently, covariates were determined, and
the assumptions of ANCOVA were checked. Finally, ANCOVA was conducted to
investigate the differences between the RSAT scores of the experimental and control

groups.
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4.1.2.1 Missing Data Analysis

The pretests were administered to 54 students in total; 28 students in the control group
and 26 in the experimental group. However, three students in the control group and
three students in the experimental group did not attend the instruction regularly, and
did not complete the posttests. Hence, these six students were removed from the
analyses, leaving 25 and 23 students in the control and experimental groups,

respectively for the following analyses.

4.1.2.2 Determination of Covariates

Prior to checking assumptions and conducting ANCOVA, the covariates for the
dependent variable (Post_ RSAT) should be determined. According to Tabachnick
and Fidell (2007), two conditions should be satisfied for selecting a set of covariates.
The first one is a theory which explains and supports the relation between the
covariate and the dependent variable. According to the relevant literature, there is a
positive correlation between efficacy and achievement (Brannick et al., 2005), and
between attitude and achievement (Cote & Levine, 2000; Isiksal & Askar, 2005).
Thus, students’ attitude scores towards geometry and self-efficacy scores in geometry
are pre-determined as potential covariates for their achievement scores on reflection
symmetry for the current study. In addition to the theory, the second condition is the
determination of the covariates statistically. That is, independent variables that have
a low correlation with one another and a high correlation with the dependent variables
should be selected. Therefore, potential covariates were determined as Pre_RSAT,
Pre_GSES and Pre_GAS, which have potential to correlate with the dependent
variable, Post-RSAT. The results of the correlation analyses are presented in Table
4.3.
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Table 4.3. Correlations between the dependent variable and the potential covariates

Variables Pre_GSES Pre_GAS Pre_RSAT
Pre_GAS 577

Pre_RSAT 41T 489"

Post_RSAT .309" 348" 7707

**Correlation is significant at the 0.01 level (2-tailed)

* Correlation is significant at the 0.05 level (2-tailed)

Table 4.3 indicates that all independent variables (Pre_RSAT, Pre_GSES and
Pre_GAS) have a significant correlation with the dependent variable (Post_ RSAT).
However, Pallant (2001) states that if a dependent variable has more than one
covariate, these covariates should not be too strongly correlated with one another
(r=.8 and above). According to Table 4.3, the maximum correlation between the
independent variables is .577 (between Pre_GSES and Pre_GAS), which is not
strong. That is, the results reveal that the independent variables are not strongly
correlated with one another and are significantly correlated with the dependent
variable (Post_RSAT). Therefore, these independent variables will be used as
covariates while conducting ANCOVA to examine the effect of inquiry-based
instruction enriched with origami activities on the population means of 7™" grade

students’ post-test scores of achievements in reflection symmetry.

4.1.2.3 Assumptions of ANCOVA for the First Research Question

Before conducting statistical analyses (ANCOVA) it is important to check that the
assumptions are not violated. The key assumptions of ANCOVA are independence of
observation, normality and outliers, reliability of covariates, multicollinearity,
linearity, homogeneity of regression, and homogeneity of variance (Tabachnick &

Fidell, 2007, p. 201). Details related to these assumptions are explained below.
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Independence of observation

This assumption requires that the observations related to the data must be independent
of one another. That is, the observations or measurements in the study must be
independent so that they must not be influenced by another observation or
measurement (Pallant, 2001). Violation of this assumption, according to Stevens
(1996), is a very serious issue. For this reason, in the current study, the data was
collected in the same conditions for both the control and experimental groups. The
measurements were applied as pretest and posttest before and after the treatment.
Moreover, each participant completed the RSAT independently without interacting
with each other. Therefore, the assumption of independence of observation was
assumed to be satisfied.

Normality and Outliers

In addition to their dependency, the values are required to be distributed normally
according to the normality assumption. This assumption can be assessed to some
extent by obtaining skewness and kurtosis values (Pallant, 2001). Skewness and
kurtosis values of the dependent variable are represented in the Table 4.4. The table
shows that the values belonging to both the experimental and control groups vary

between -2 and +2, which is an acceptable range (Pallant, 2001).
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Table 4.4. Descriptive statistics for the pretests and posttests with respect to the

groups

Skewness Kurtosis
Pre-RSAT
Control 0.09 -0.88
Experimental 0.35 -1.31
TOTAL 0.20 -1.13
Post-RSAT
Control -0.54 -0.84
Experimental -0.42 -1.29
TOTAL -0.61 -0.54

Besides the skewness and kurtosis values, histograms in which the shape of the
distribution related to the values for each group can be seen are provided in Figure
4.1 and Figure 4.2. Normal distribution in the histograms is represented as a

symmetrical, bell shaped curve (Gravetter & Wallnau, 2000).

for treatment= Inquiry-based instruction for treatment= Inquiry-based instruction
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Figure 4.1. Histograms of experimental groups’ pretest and posttest scores on RSAT
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In Table 4.4, the kurtosis and skewness values related to the pretest and posttest scores
in RSAT for the experimental group were presented as -1.31 and .35, respectively,
which in the in the required range, between -2 and +2. Moreover, it can be seen in
Figure 4.1 that the Pre_RSAT and Post_ RSAT scores of the experimental group
represent a bell shape with the greatest frequency of scores in the middle. Therefore,

the assumption of normality was satisfied.

for treatment= Regular instruction for treatment= Regular instruction
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Figure 4.2. Histograms of control groups’ pretest and posttest scores on RSAT

On the other hand, the kurtosis and skewness values related to the control group’s
pretest and posttest scores in RSAT are presented as -.88 and .09 in Table 4.4,
respectively, which fall within the required range, between -2 and +2. Moreover, it
can be seen in Figure 4.2 that the Pre_RSAT and Post_ RSAT scores of the control
group are symmetrical with the greatest frequency of scores in the middle. That is,

the values are distributed normally.

In addition to the skewness and kurtosis values and the histograms, normality of
distribution of the scores is also assessed by means of the Kolmogorov-Simirnov
statistics. The Kolmogorov-Simirnov statistics related to the pretest and posttest

scores of both the experimental and control group are presented in Table 4.5.
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Table 4.5. Kolmogorov-Simirnov statistics for both groups

Statistic df Sig.
Pre_RSAT
Control Group 110 25 200
Experimental Group 149 23 200
Post_RSAT
Control Group 120 25 200
Experimental Group 149 23 200

According to Kolmogorov-Simirnov statistics, a non-significant result (p>.05)
indicates normality. As shown in Table 4.5, according to Kolmogorov-Smirnov
statistics the normality assumptions were satisfied for the pretest and posttest scores
of both groups (p>.05). Therefore, according to the skewness and kurtosis values,
histograms and Kolmogorov-Simirnov statistics, the data related to RSAT was found

to be normally distributed for both groups.

Besides the normality of the data, outliers should also be checked. Outliers refers to
the cases with scores that are quite unlike the remainder of the sample, or the values
much higher or much lower than the others (Pallant, 2001). Boxplots allow the
researcher to identify outliers. The box plots related to the dependent variable

(Post_RSAT) for both groups are displayed in Figure 4.3.
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Figure 4.3. Box plots for the dependent variable of the control and experimental

groups.

The values placed out of the rectangular shape represent the outliers in the data set.
According to Figure 4.3, the box plots indicated that there was no outlier in this data
set related to RSAT.

Reliability of covariates

In relation to the Analysis of Covariates, it is assumed that covariates are measured
without error. Variables such as age and gender can be measured reasonably reliably
(Pallant, 2001). However, values that rely on scales and open-ended questions as in
the current study may not meet this assumption. At that point, checking the internal
consistency of the scales used by calculating Cronbach alpha is beneficial in deciding
on the reliability of the covariates, which should be above .7 or .8 to be considered

reliable.

In the current study, three covariates were determined for ANCOVA. The reliability
of these independent variables as covariates were calculated as .91 for the Reflection

Symmetry Achievement Test, .88 for the Geometry Attitude Scale and .87 for the
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Geometry Self-Efficacy Scale. These values are all above .80, which implies that the
test was reliable. Therefore, it was assumed that the covariates were measured
reliably.

Correlations among the covariates (Multicollinearity)

In addition to the assumption related to the reliability of covariates, ANCOVA also
requires the multicolinearity assumption to be satisfied. Pallant (2001) states that if a
dependent variable has more than one covariate, these covariates should not be too
strongly correlated with one another (r=.8 and above). To check this assumption, the
correlations between possible covariates were examined. These values can be seen in
Table 4.3. According to Table 4.3, the maximum correlation between independent
variables (Pre_GSES and Pre_GAS) is .577. Thus, all the correlation coefficients
were found to be less than .80 for both the control and experimental groups.

Therefore, the assumption of multicollinearity was assumed to be satisfied.

Linearity

Although the covariates are assumed not to be correlated with one another, they are
expected to be in a linear relationship. Pallant (2001) states that ANCOVA assumes
that the relationship between the dependent variable and each of the covariates is
linear (straight-line). Since there is more than one covariate in the current study, the
relationship between these covariates should be linear. If this assumption is violated,
it is likely to reduce the power of the results. To check the linearity between the
dependent variable (Post_ RSAT) and each of the covariates (Pre_RSAT, Pre_GAS,

Pre_GSES) and between the covariates, the matrix scatterplot is given as Figure 4.4.
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Figure 4.4. Relationship between each covariate and dependent variable for both

groups

The matrix scatterplot in Figures 4.4 shows that the relationships between each
covariate and the dependent variable for both the control and experimental groups

were linear. Therefore, linearity assumption was assumed to be satisfied.

Homogeneity of regression slopes

In addition to the relationships of the covariates with one another and with the
dependent variable, the relationship between the covariate and the treatment is also
important, which is addressed by the assumption of the homogeneity of regression
slopes. At this point, the target is to satisfy that there is no interaction between the

covariate and the treatment or experimental manipulation for both groups.

The existence of the relationship between the treatment and the covariates can be
observed graphically in Figure 4.4. That is, if the lines belonging to the groups are
similar in terms of their slopes, it means that there is no interaction between the
covariate and the treatment. Although it seems that the lines are similar in their
orientation, it is difficult to decide on the similarity between their slopes. For this

reason, this assumption will also be tested statistically.
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An analysis was conducted to see whether there was a statistically significant
interaction between the covariates and the treatment for both groups. The interaction
levels were obtained from SPSS for each covariate as it can be seen in Table 4.6.

Table 4.6. Homogeneity of regression slopes assumption

Source F Sig.

Treatment * Pre_ RSAT 1.890 A77

Post_RSAT Treatment * Pre_GSES .020 .890
Treatment * Pre_GAS 1.039 314

If the interaction is significant at an alpha level of .05, then it means that the
assumption is violated (Pallant, 2001). According to Table 4.6, the interaction values
between each covariate and the treatment are greater than .05, which means that there
is no statistically significant interaction between the covariates and the treatment.
Thus, the assumption of homogeneity of regression slopes is assumed not to be

violated.

Homogeneity of Variance

This final assumption requires that samples are obtained from populations of equal
variances. That is, each group should have a similar variability of scores (Pallant,
2001). To be able to test this assumption, SPSS performs the Levene’s Test of
Equality for the determination of the equality of variance assumption. The results

related to the dependent variable are presented in Table 4.7.

Table 4.7. Levene’s Test of Equality of Error Variances

F dfl df2 Sig.
Post_ RSAT 2.190 1 46 146
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As made explicitly by Table 4.7, the error variances of the dependent variable across
the groups were equal (F (1, 46) = 2.190, p=.146). These values mean that it failed
to reject the null hypothesis of equality of error variances (p > .05). In other words,
the variances across the groups for the dependent variable were equal. Thus, the
assumption of homogeneity of variance had not been violated.

In conclusion, as all the assumptions are checked and assumed to be satisfied, the
Analysis Covariance can be conducted to examine the effect of an inquiry-based
instruction enriched with origami activities on the population means of 7" grade
students’ post-test scores of achievements in reflection symmetry when the effect of
students’ pre-test scores of achievement in reflection symmetry, attitudes towards

geometry and self-efficacy in geometry are controlled.

4.1.2.4 Results of ANCOVA for the First Research Problem

Analysis of covariance was performed to test the effect of an inquiry-based instruction
(IBI) on students’ academic achievement in reflection symmetry when the effect of
students’ pre-test scores of achievement in reflection symmetry, attitudes towards
geometry and self-efficacy in geometry are controlled. The independent variable was
the type of treatment: inquiry-based instruction (IBI) for the experimental group
versus regular instruction (RI) for the control group. The dependent variable was
academic achievement in reflection symmetry measured after the treatment. Students’
academic achievement in reflection symmetry (Pre_RSAT), geometry attitude
(Pre_GAS) and geometry self-efficacy (Pre_GSES) measured before the treatment

were used as covariates in this analysis.

The statement of hypothesis was ‘There is no significant effect of inquiry-based
instruction enriched with origami activities on the population means of 7™" grade
students’ post-test scores of achievements in reflection symmetry when the effect of
students’ pre-test scores of achievement in reflection symmetry, attitudes towards

geometry and self-efficacy in geometry are controlled’. The overall summary of
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inferential statistics for achievement in reflection symmetry gathered through
ANCOVA is presented in the Table 4.8.

Table 4.8. Results of ANCOVA for the First Research Problem

Type I Partial
Source Sum of df Mean F Sig. Eta Noncent. Observ%d
Square Parameter Power
Squares Squared
Corrected 10352.31 4 2588.08 28.73 .000 728 114.93 1.00
Model
Intercept 831.02 1 83102 9.23  .004 A77 9.23 .84
Pre_GSES 40.81 1 40.81 45 .504 .010 .45 .10
Pre_GAS 12.89 1 12.89 14 707 .003 14 .07
Pre_RSAT  7503.49 1 7503.49 83.30 .000 .660 83.30 1.00
Treatment 1892.68 1 1892.68 21.01 .000 .328 21.01 .99
Error 3873.16 43 90.07
Total 82553.00 48

Corrected 14225.48 47
Total

Table 4.8 indicates that the first null hypothesis was rejected (F (1, 43) = 21.01,
p=0.00). That is, the analysis results of the Post RSAT scores of the students
indicated that there was a statistically significant effect of inquiry-based instruction
on 7" grade students’ achievement scores in the concept of reflection symmetry.
Moreover, the eta square value, .328, indicates a large relationship between treatment
and dependent variable, implying that the size of the difference among groups was
not small. In other words, 32.8 percent of variance in the Post RSAT scores was
explained by the treatment. In addition, power, which refers to the probability of

detecting a significant effect when the effect truly does exist in nature, was found to
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be .99. Hence, the difference found between the groups stemmed from the treatment
effect and this difference had a practical value (Field, 2009).

4.2 Results of the Second Research Question

The second question is “What is the effect of inquiry-based instruction enriched with
origami activities on 7" grade students’ attitudes towards geometry when the effect
of students’ pre-test scores of achievement in reflection symmetry, attitudes towards
geometry and self-efficacy in geometry are controlled?” With the purpose of
investigating the effect of an inquiry-based instruction on students’ attitudes related
to geometry, this section is devoted to present the results in two main parts:

descriptive and inferential statistics.

4.2.1 Descriptive Statistics

In this part, descriptive statistics related to students’ pretest and posttest scores
obtained by means of the Geometry Attitude Test (GAS) are presented to describe the
data. GAS was administered to the students before and after the treatment as pretest
(Pre_GAS) and posttest (Post_ GAS), respectively. Descriptive statistics related to the
pretest, posttest, and the gained scores of the experimental group are presented in
Table 4.9.

Table 4.9. Descriptive statistics for both the pretest and posttest scores of the

experimental group

Pre_GAS Post_GAS Gain Score
(Posttest-Pretest)
N 23 23 23
Minimum 33.00 33.00 .00
Maximum 76.00 84.00 8.00
Mean 59.40 67.87 8.47
Std. Deviation 13.38 13.06 32
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Table 4.9 reveals that while the students in the experimental group had a mean score
of 59.40 (SD = 13.38) on the Pre_GAS, their mean score in the Post_ GAS was 67.87
(SD =13.06) out of 85. Hence, the mean of the gain scores was 8.47 (SD=.32), which
means that there has been an increase in the Geometry Attitude Scale scores of the 71
grade students’ in experimental group after the treatment. In addition, descriptive
statistics indicated that while the minimum value related to students’ pretest scores
(Minpe gas= 33.00) was stable after the treatment (Minpyst gas= 33.00), the
maximum values of the pretest scores (Maxp,e gas = 76.00) of the students increased

after the intervention (Maxp,se gas= 84.00).

The descriptive statistics related to the pretest, posttest, and gained scores of the
control group are presented in Table 4.10.

Table 4.10. Descriptive statistics for both the pretest and posttest scores of the

control group

Pre_GAS Post_GAS Gain Score
(Posttest-Pretest)
N 25 25 25
Minimum 42.00 27.00 -15.00
Maximum 81.00 82.00 1.00
Mean 59.04 59.60 .56
Std. Deviation 10.83 13.40 2.57

Table 4.10 indicates that while the students in the control group had a mean score of
59.04 (SD = 10.83) on the Pre_GAS, their mean scores in the Post GAS was 59.60
(SD=13.40) out of 85. Thus, the mean of the gain score was 0.56 (SD= 2.57), which
shows that there has been an increase in the Geometry Attitude Scale scores of the 7%
grade students’ in the control group after the treatment. However, the amount of
increase is not as much as it is for experimental group (8.47). Furthermore, it is
indicated that while the minimum value of the pretest scores (Minpe gas= 42.00)

decreased after the treatment (Minp,se gas = 27.00), the maximum score of the
104



students in the control group increased after the intervention (MaXpre gas=

8100, MaXpost_GAS: 8200)

In conclusion, the descriptive statistics related to the pretest and posttest score of both
groups related to GAS are presented in this part. The statistics revealed that the mean
difference between the posttest and pretest scores in the experimental group is higher
than that in the control group. This difference will be examined statistically in the

analysis below.

4.2.2 Inferential Statistics

Besides descriptive statistics, which were utilized to describe the data gathered by the
Geometry Attitude Scale, inferential statistics were used in order to examine whether
there was a statistically significant difference between the experimental and control
groups. Before conducting Analysis of Covariance (ANCOVA), missing data
analysis was conducted. Afterwards, the covariates were determined, and the
assumptions of ANCOVA were checked. Finally, ANCOVA was conducted to
examine the differences between the GAS scores of the experimental and control

groups.

4.2.2.1 Missing Data Analysis

As it was previously explained in Section 4.1.2.1, six students were removed from the
analyses since they did not complete the posttests and did not attend the treatments.
Hence, 25 and 23 students remained in the control group and the experimental group,

respectively for the following analyses.

4.2.2.2 Determination of Covariates

As previously explained in Section 4.1.2.2, to be able to conduct ANCOVA, theory

should be defined satisfying possible covariates. In this sense, relevant literature
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reveals that there is a positive correlation between attitude and self-efficacy (Roster,
2006), and between attitude and achievement (Cote & Levine, 2000; Isiksal & Askar,
2005). Hence, students’ achievement and self efficacy scores are suggested as
potential covariates in the current study. In addition to the theory, potential covariates
(Pre_RSAT, Pre_GSES and Pre_GAS) which have the potential to correlate with
dependent variable (Post-GAS) were also analyzed statistically. The results of the
correlation analyses are presented below in Table 4.11.

Table 4.11. Correlations between dependent variables and potential covariates

Variables Pre_GSES Pre_GAS Pre_RSAT
Pre_GAS 577

Pre_RSAT 417 489™

Post_GAS 567" 623" .256

**Correlation is significant at the 0.01 level (2-tailed)
* Correlation is significant at the 0.05 level (2-tailed)

As can be observed in Table 4.11, Pre_ GSES and Pre_GAS had a significant
correlation with the dependent variable (Post_ GAS). However, as stated above in
Section 4.1.2.2, the correlation between the independent variables (Pre_GSES and
Pre_GAS) shoud be checked to determine whether they are strongly correlated or not.
Therefore, the correlation value of .577 does not represent a strong correlation, so the
results revealed that the Pre_GSES and Pre_GAS had a significant correlation with
the dependent variable (Post_GAS). Hence, these independent variables were used as
covariates in the Analysis of Covariates to investigate the effect of the inquiry-based
instruction enriched with origami activities on the population means of 7™" grade

students’ post-test scores of attitude towards geometry.
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4.2.2.3 Assumptions of ANCOVA for the Second Research Question

As stated in the previous section, before conducting statistical analyses (ANCOVA)
it is important to check that the assumptions are not violated. Details related to these

assumptions are explained below.

Independence of observation

In the current study, the data were collected in both the control and experimental
groups under the same conditions. The measurements were applied before and after
the treatment as pretest and posttest. Moreover, each participant completed the GAS
independently in that they did not engage in any interaction with each other. Thus,

the assumption of independence of observation was assumed to be satisfied.

Normality and Outliers

To begin with normality, the skewness and kurtosis values related to the data gathered
through GAS are recommended to be checked. The skewness and kurtosis values of
the dependent variable are presented in Table 4.12. The table shows that the values
belonging to both the experimental and control groups in GAS vary between -2 and

+2, which is an acceptable range (Pallant, 2001).
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Table 4.12. Descriptive statistics for the pretests and posttests with respect to the

groups
Skewness Kurtosis
Pre-GAS
Control .36 =77
Experimental -.52 -1.04
TOTAL -.19 -.92
Post-GAS
Control -.80 1.05
Experimental -1.07 .67
TOTAL -.80 44

In addition to the table presenting the skewness and kurtosis values, the histograms
related to both groups are provided in Figure 4.5 and Figure 4.6. The shape of the

distributions on the histograms are examined.

for treatment= Inquiry-based instruction for treatment= Inquiry-based instruction

5 — —

6

4 e

w
1

=
1

Frequency
Frequency

|

1 |; /
0—— T T T T T 0= T T T T

30,00 4000 50,00 60,00 70,00 60,00 30,00 40,00 50,00 €0,00 70,00 80,00
Pre_GAS Post_GAS

Figure 4.5. Histograms of experimental groups’ pretest and posttest scores on GAS

As the skewness and kurtosis values varying between -1.07 and .67 support the fact

that they were normally distributed, the histograms in Figure 4.5 also indicate that the
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Pre_GAS and Post_GAS scores of the experimental group form a bell shape with the

greatest frequency of scores in the middle, thus satisfying the normality assumption.
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Figure 4.6. Histograms of control groups’ pretest and posttest scores on GAS

As for the control group, the skewness and kurtosis values were found to vary between
-.80 and 1.05, which indicates a normal distribution. The histograms in Figure 4.6
also revealed that the Pre_GAS and Post_ GAS scores of the control group form a bell

shape, thus satisfying the assumption of normality.
In addition to skewness and kurtosis values and histograms, there is another

determinant for normality -the Kolmogorov-Simirnov statistics-, which can be seen
in Table 4.13.
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Table 4.13. Kolmogorov-Simirnov statistics for both groups

Statistic df Sig.
Pre_GAS
Control Group 175 25 .048
Experimental Group 157 23 149
Post. GAS
Control Group 178 25 .040
Experimental Group 174 23 071

According to Kolmogorov-Simirnov statistics, a non-significant result (p>.05)
indicates normality. Table 4.13 reveals that, although the values related to the
experimental group are non-significant, values related to both the pretest and posttest
scores of the control group are significant. That is, although the skewness and kurtosis
values and histograms indicated that the pretest and posttest scores belonging to the
control group are distributed normally, komogorov-smirnov statistics do not support
that. At this point, normal probability plots (labelled Normal Q-Q Plots) (Pallant,
2001) need to be checked. The plots of Pre_GAS and Post_ GAS belonging to the
control group are presented in Figure 4.7.

Normal Q-Q Plot of Pre_GAS
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Normal Q-Q Plot of Post_GAS

for treatment= control

Expected Normal

Observed Value

Figure 4.7. Normal Q-Q Plots belonging to the control group

In these plots, the observed value for each score is plotted against the expected value
from the normal distribution. That is, a reasonably straight line suggests a normal

distribution.

Besides the normality assumption, the outliers should be also checked. The box plots
related to the dependent variable (Post_ GAS) for both of the groups are displayed in
Figure 4.8.
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Figure 4.8. Box plots for the dependent variable of the control and experimental

groups
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The box plots indicated some outliers for the dependent variables in the control group
related to GAS. These outliers were checked and they were within the range of
possible scores for GAS. In order to see how much of a problem these outlying cases
were likely to be, the 5 % Trimmed Mean was checked (Pallant, 2001). The 5%
Trimmed Mean is obtained by removing the top and bottom 5 per cent of the cases
and recalculating a new mean value. If the original mean and this new trimmed mean
are compared and found to be very different, the data may need to be investigated
further. The trimmed mean and mean values related to GAS are presented in Table

4.14 for both groups.

Table 4.14. 5% Trimmed Mean values for both groups

5% Trimmed Mean Mean
Control 60.18 59.60

GAS
Experimental 68.82 67.87

As can be observed in Table 4.14, the trimmed means and the means of the control
and experimental groups are very similar. Since the outlier values are not very

different from the remaining distribution, these cases were retained in the data set.

Reliability of covariates

As explained above, it is assumed that covariates are measured without error. In this
sense, checking the internal consistency of the scales by calculating Cronbach alpha
is beneficial in determining the reliability of the covariates, which should be above .7
or .8 to be considered reliable. In the resent analysis, two covariates were determined
for ANCOVA. The reliability of these independent variables as covariates were
calculated as .88 for the Geometry Attitude Scale and .87 for the Geometry Self-
Efficacy Scale. These values are above .80, which implies that the test was reliable.

Therefore, it was assumed that the covariates were measured reliably.

112



Correlations among the covariates (Multicollinearity)

Besides the assumption of the reliability of the covariates, the multicollinearity
assumption should be satisfied since there is more than one covariate in the present
analysis. The correlation between the independent variables (Pre_GSES and
Pre_GAS) was found to be .577. Thus, all the correlation coefficients were found to
be less than .80 for both the control and experimental groups. Therefore, the

assumption of multicollinearity was assumed to be satisfied.

Linearity

As previously explained, since there is more than one covariate in the current analysis,
the relationship between these covariates should be linear. In this sense, to check the
linearity between the dependent variable (Post_ GAS) and each of the covariates
(Pre_GAS and Pre_GSES) and also among the covariates, the matrix scatterplot is

examined as displayed in Figure 4.9.
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Figure 4.9. The relationship between each covariate and dependent variable for both

groups
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The matrix scatterplot in Figures 4.9 shows that the relationships between each
covariate and the dependent variable for both the control and experimental groups
were linear. Therefore, the linearity assumption was assumed to be satisfied.

Homogeneity of regression slopes

For the assumption of the homogeneity of regression slopes, it should be satisfied that
there is no interaction between the covariate and the treatment or experimental

manipulation for both groups.

The existence of the relationship between the treatment and the covariates can be
observed graphically in Figure 4.9. Although it seems that the lines are similar in their
orientation, which indicates that there is no interaction, it is hard to decide whether
there is a similarity between the slopes. For this reason, this assumption was also

tested statistically.
An analysis was conducted to see whether there was a statistically significant
interaction between the covariates and the treatment for both groups, and the

interaction levels for each covariate are presented in Table 4.15.

Table 4.15. Homogeneity of regression slopes assumption

Source F Sig.

Treatment * Pre_ RSAT 016 .900

Post_GAS Treatment * Pre_GSES 123 728
Treatment * Pre_ GAS 310 581

According to Table 4.15, the interaction values between each covariate and the
treatment are greater than .05, which means that there is no statistically significant
interaction between the covariates and the treatment. Thus, the assumption of

homogeneity of regression slopes is assumed not to be violated.

114



Homogeneity of Variance

This final assumption, homogeneity of variance, needs to be checked through
Levene’s Test of Equality, which indicates whether or not each group has a similar
variability of scores. The results related to the dependent variable are presented in
Table 4.16.

Table 4.16. Levene’s Test of Equality of Error Variances

F df1 df2 Sig.
Post GAS .001 1 46 975

As presented in Table 4.16, the error variances of the dependent variable across the
groups were equal (F (1, 46) = .001, p= .975). Hence, it failed to reject the null
hypothesis of the equality of error variances (p>.05). In other words, the variances
across the groups for the dependent variable were equal. Therefore, the assumption

of homogeneity of variance is assumed not to be violated.

In conclusion, as all the assumptions were checked and assumed to be satisfied, the
Analysis Covariance could be conducted to investigate the effect of the inquiry-based
instruction enriched with origami activities on the population means of 7™ grade
students’ post-test scores of attitude towards geometry when the effect of students’
pre-test scores of attitudes towards geometry and self-efficacy in geometry were

controlled.

4.2.2.4 Results of ANCOVA for the Second Research Problem

Analysis of covariance was performed to investigate the effect of an inquiry-based
instruction (IBI) on students’ attitudes towards geometry when the effect of students’
pre-test scores of achievement in reflection symmetry, attitudes towards geometry
and self-efficacy in geometry are controlled. The independent variable was the type

of treatment: inquiry-based instruction (IBI) for the experimental group versus regular
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instruction (RI) for the control group. The dependent variable was students’ attitudes
towards geometry measured after the treatment. Students’ geometry attitude
(Pre_GAS) and geometry self-efficacy (Pre_GSES) measured before the treatments

were used as covariates in this analysis.

The statement of hypothesis was ‘There is no significant effect of inquiry-based
instruction enriched with origami activities on the population means of 7" grade
students’ post-test scores of attitudes towards geometry when the effect of students’
pre-test scores of attitudes towards geometry and self-efficacy in geometry are
controlled’. The overall summary of the inferential statistics for attitudes towards
geometry gathered through ANCOVA is presented in Table 4.17.

Table 4.17. Results of ANCOVA for the Second Research Problem

Source Type I df Mean F Sig. Partial Noncent.  Observed
Sum of Square Eta Parameter  Power®
Squares Squared

Corrected 4639.77 3 154659 16.06 .000 523 48.19 1.00

Model

Intercept 197.82 1 197.82 2.06 .159 .045 2.06 .29

Pre. GSES  429.35 1 429.35 4.46 .040 .092 4.46 .54

Pre_GAS 1258.76 1 1258.76 13.08 .001 229 13.08 94

treatment 623.14 1 623.14 6.47 .015 .128 6.47 .70

Error 4236.05 44 96.27

Total 202805.00 48

Corrected 8875.81 47
Total

As can be seen in Table 4.17, the second null hypothesis was rejected (F (1, 44) =
6.47, p=.015). That is, the result of the analysis of the students’ Post GAS scores

indicated that there was a statistically significant effect of the inquiry-based
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instruction on 7" grade students’ attitudes towards geometry. Furthermore, the eta
squared value (2 =.128) indicates a moderate relationship between the treatment and
dependent variable, indicating that the size of the difference among the groups was
not small. In other words, 12.8 percent of the variance in the Post_ GAS scores was
explained by the treatment. In addition, the power was found to be .70, which is not
withinin the desired level range (.80 and above), the reason of which may stem from
an inappropriate sample size. Therefore, the difference found between the groups

arose from the treatment effect and this difference had a practical value (n2 = .128).

4.3 Results of the Third Research Question

The third question is “What is the effect of an inquiry-based instruction enriched with
origami activities on 7" grade students’ self-efficacy in geometry when the effect of
students’ pre-test scores of achievement in reflection symmetry, attitudes towards
geometry and self-efficacy in geometry are controlled?” With the purpose of
investigating the effect of an inquiry-based instruction on students’ self-efficacy in
geometry, this section is devoted to the presentation of the results in two main parts:

descriptive and inferential statistics.

4.3.1 Descriptive Statistics

In this part, descriptive statistics related to students’ pretest and posttest scores
gathered by means of the Geometry Self-Efficacy Scale (GSES) are presented to
describe the data. GSES was administered to the students as pretest (Pre_GSES) and
posttest (Post GSES) before and after the treatment, respectively. The descriptive
statistics related to the pretest, posttest, and the gained scores of the experimental

group are presented in Table 4.18.
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Table 4.18. Descriptive statistics for both the pretest and posttest scores of the
experimental group

Pre_GSES Post_GSES Gain Score
(Posttest-Pretest)

N 23 23 23
Minimum 56.00 67.00 11.00
Maximum 110.00 125.00 15.00
Mean 80.20 92.26 12.06
Std. Deviation 15.42 16.97 1.55

Table 4.18 indicates that while the students in the experimental group had a mean
score of 80.20 (SD = 15.42) on the Pre_GSES, their mean scores in the Post_ GSES
was 92.26 (SD = 16.97) out of 125. Hence, the mean of the gain scores was 12.06
(SD= 1.55), which indicates an increase in the Geometry Self-Efficacy Scale scores
of the 7" grade students’ in the experimental group after the treatment. Moreover, the
descriptive statistics revealed that both the minimum and maximum values related to
the students’ pretest scores (Minpye gsgs = 56.00; Maxpye gsgs = 110.00) increased

after the treatment (Minpygst gsgs = 67.00; Maxpost gsgs = 125.00).

The descriptive statistics related to pretest, posttest, and the gained scores of the

control group are presented in Table 4.19.

Table 4.19. Descriptive statistics for both the pretest and posttest scores of the

control group

Pre_GSES Post_ GSES Gain Score
(Posttest-Pretest)

N 25 25 25
Minimum 49.00 47.00 -2.00
Maximum 110.00 113.00 3.00
Mean 77.03 78.76 1.73

Std. Deviation 13.83 15.67 1.84
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Table 4.19 indicates that while the students in the control group had a mean score of
77.03 (SD = 13.83) on the Pre_GSES, their mean score in the Post_GSES was 78.76
(SD=15.67). Therefore, the mean of the gain score was 1.73 (SD= 1.84), which shows
that there is an increase in the Geometry Self-Efficacy Scale scores of the 7" grade
students’ in the control group after the treatment. However, the amount of increase is
not as much as that in the experimental group (12.06). Furthermore, while the
minimum value of the pretest scores (Minp,, gsgs = 49.00) decreases after treatment
(Minpyst gsgs = 47.00), the maximum score of the students in the control group

increases after the intervention (Maxpye gsgs = 110.00, Maxpost gsgs = 113.00).

In conclusion, in this part, the descriptive statistics related to students’ GSES scores
before and after treatment have been presented. The statistics showed that the mean
difference between the posttest and pretest scores of the experimental group was
higher than that of the control group. This difference is examined statistically in the

analysis below.

4.3.2 Inferential Statistics

In addition to the descriptive statistics which enabled the researcher to describe the
data gathered by means of the Geometry Self-Efficacy Scale, inferential statistics
were used in order to examine whether there was a statistically significant difference
between the experimental and control groups. Before conducting Analysis of
Covariance (ANCOVA), missing data analysis was conducted. Subsequently,
covariates were determined, and then the assumptions of ANCOVA were checked.
Finally, ANCOVA was conducted to investigate the differences between the GSES

scores of the experimental and control groups.

4.3.2.1 Missing Data Analysis

As previously explained, six students were removed from the analyses since they did

not complete the posttests and did not attend the treatments. Therefore, 25 and 23
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students remained in the control group and the experimental group, respectively, for
the following analyses. However, there were also some students who had not
completed some of the items in the scale. These missing items were replaced by
multiple imputation with expected maximization (EM), an algorithm which is a
computational method for efficient estimation of incomplete data (Dempster, Laird,
& Rubin, 1977). These items were replaced with the mean score of the other items.

4.3.2.2 Determination of Covariates

Prior to conducting ANCOVA, the covariates of the analysis were determined.
According to the relevant literature, there is a positive correlation between attitude
and elf-efficacy (Roster, 2006). For this reason, the attitude and self-efficacy scores
(Pre_GSEYS) of the students are potential covariates of the current study. Based on this
theory, these independent variables should also be supported with statistical analyses.
Therefore, the potential covariates were determined as Pre_ GSES and Pre_GAS,
which had the potential to correlate with the dependent variable, Post-GSES. The

results of the correlation analyses are presented in Table 4.20.

Table 4.20. Correlations between dependent variables and potential covariates

Variables Pre_GSES Pre_GAS Pre_RSAT
Pre_GAS 5777

Pre_RSAT 417 489™

Post_GSES 657" 403™ 182

**Correlation is significant at the 0.01 level (2-tailed)
* Correlation is significant at the 0.05 level (2-tailed)

According to Table 4.20, Pre_GAS and Pre_GSES had significant correlation with
the dependent variable (Post_ GSES). When the correlation between the independent
variables (Pre_GAS and Pre_GSES) is taken into consideration, it is seen that the
value of .577 does not represent a strong correlation, so the results revealed that the

Pre_GAS and Pre_GSES had a significant correlation with the dependent variable
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(Post_GSES). Hence, these independent variables were used as covariates in the
Analysis of Covariates to examine the effect of the inquiry-based instruction enriched
with origami activities on the population means of 71" grade students’ post-test scores

of self-efficacy in geometry.

4.3.2.3 Assumptions of ANCOVA for the Third Research Question

As previously stated, before conducting statistical analyses (ANCOVA), it is
important to check the assumptions to be sure that they are not violated. Details

related to these assumptions are explained below.

Independence of observation

In the current study, the data were collected in both groups under the same conditions.
The measurements were applied before and after the treatment as pretest and posttest.
Moreover, each participant completed the GSES independently in that they were not
engaged in any interaction with each other. Thus, the assumption of independence of

observation was assumed to be satisfied.

Normality and Outliers

To begin with normality, the skewness and kurtosis values related to the data gathered
through GSES are recommended to be checked. The Skewness and kurtosis values of
the dependent variable are presented in Table 4.21. The table indicates that the values
belonging to both groups in GSES vary between -2 and +2, which is the acceptable

range.
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Table 4.21. Descriptive statistics for the pretests and posttests with respect to the

groups
Skewness Kurtosis
Pre-GSES
Control .05 29
Experimental 42 -.60
TOTAL .28 -.19
Post-GSES
Control 31 21
Experimental 17 -.82
TOTAL 27 -.38

In addition, histograms related to both groups are provided in Figure 4.10 and Figure

4.11 The shape of the distributions on the histograms were examined.
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Figure 4.10. Histograms of experimental groups’ pretest and posttest scores on

GSES

In addition to the normal distribution of the skewness and kurtosis values, which vary
between -.82 and .42, histograms in Figure 4.10 also indicated that the Pre_GSES and
Post_GSES scores of the experimental group produced bell shape, which indicates a

normal distribution of the data.
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Figure 4.11. Histograms of control groups’ pretest and posttest scores on GSES

The skewness and kurtosis values belonging to the control group vary between 0.05
and 0.31, which is an indication of normal distribution. Histograms, as displayed in
Figure 4.11, also indicated that Pre_GSES and Post_GSES scores of the control group

are normally distributed. Hence, the assumption of normality was satisfied.

The Kolmogorov-Simirnov statistics, which is another determinant for normality, are

presented in Table 4.22.

Table 4.22. Kolmogorov-Simirnov statistics for both groups

Statistic df Sig.
Pre_GSES
Control Group .093 25 .200
Experimental Group .108 23 .200
Post_ GSES
Control Group 129 25 .200
Experimental Group 150 23 197

According to Table 4.22, all the values related to the experimental group and control

group are non-significant, which means that the scores are normally distributed.
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Therefore, all the techniques used to measure normality of the data gathered from the
students in both the experimental and control groups by GSES indicated that the
scores are distributed normally.

In addition to the normality assumption, outliers should be also checked. The box
plots related to the dependent variable (Post_GSES) for both groups are displayed in
Figure 4.12.
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Figure 4.12. Box plots for the dependent variable of the control and experimental

groups

Box plots indicated some outliers for the dependent variables in the control group
related to GSES. These outliers were checked and they were found to fall within the
range of possible scores for GSES. In order to see how much of a problem these
outlying cases were likely to be, the 5% Trimmed Mean was checked (Pallant, 2001).
The trimmed mean and the mean values related to GSES are presented in Table 4.23

for both groups.
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Table 4.23. 5% Trimmed Mean values for both groups

5% Trimmed Mean Mean

Control 78.57 78.76
GSES
Experimental 91.85 92.26

According to Table 4.23, the trimmed means and the means of both the control and
experimental groups were very similar. Since the outlier values were not found to be
very different from the remaining distribution, these cases were retained in the data

set.

Reliability of covariates

As stated above, this assumption requires covariates to be measured without error. In
this sense, checking the internal consistency of the scales by calculating the Cronbach
alpha is beneficial in assessing the reliability of the covariates, which should be above
.7 or .8 to be considered reliable. In the previous analysis, two covariates were
determined for ANCOVA. The reliability of these independent variables as covariates
were calculated as .88 for the Geometry Attitude Scale and .87 for the Geometry Self-
Efficacy Scale, which implies that the test was reliable since they were found to be

above .80. Therefore, it was assumed that the covariates were measured reliably.

Correlations among the covariates (Multicollinearity)

Since there is more than one covariate in the present analysis, the multicollinearity
assumption should be satisfied. As can be seen in Table 4.20, the correlation between
the independent variables (Pre_GSES and Pre_GSES) is .577, which is less than .80
for both the control and experimental groups. Therefore, the assumption of

multicollinearity was assumed to be satisfied.
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Linearity

Moreover, having more than one covariate in the current analysis requires one more
assumption to be satisfied: linearity. According to this assumption, the relationship
between the covariates should be linear. In this sense, to check the linearity between
the dependent variable (Post_ GSES) and each of the covariates (Pre_GAS and
Pre_GAS) and also between the covariates, the matrix scatterplot was examined as
displayed in Figure 4.13.

treatment

kontrol
deney

a D of D D kontrol

» RO~ oy deney

(D| e ,é;

o 2y %

o

@ 8, L%7

o 0000 P

2 B0 S

o 7S ~C q .

7]

w 2

0 %

o 82 P

o | b veed
@ T3 >
o
Pre_GSES Pre_GAS Post_GSES

Figure 4.13. Relationship between each covariate and the dependent variable for

both groups

The matrix scatterplot in Figures 4.13 indicates that the relationship between each
covariate and the dependent variable for both the control and experimental groups

were linear. Therefore, the linearity assumption was assumed to be satisfied.

Homogeneity of regression slopes

As explained in the previous section, this assumption of homogeneity of regression
slopes necessitates that there be no interaction between the covariate and the treatment

or the experimental manipulation for both groups.
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Figure 4.13 can be examined to examine the relationship between the treatment and
the covariates graphically. In the figure, the lines seem to be similar in their
orientation, which indicates that there is no interaction. However, it is difficult to
make decisions on the similarity between their slope. Hence, this assumption will
also be tested statistically.

An analysis was conducted to see whether there was a statistically significant
interaction between the covariates. The treatment for both groups and the interaction

levels for each covariate are presented in Table 4.24 below.

Table 4.24. Homogeneity of regression slopes assumption

Source F Sig.

Treatment * Pre_RSAT 361 .552

Post_GSES Treatment * Pre_ GAS  .406 528
Treatment * Pre_GSES .507 481

According to Table 4.24, the interaction values between each covariate and the
treatment are greater than .05, which indicates that there is no statistically significant
interaction between the covariates and the treatment. Thus, the assumption of

homogeneity of regression slopes is assumed not to be violated.
Homogeneity of Variance
This assumption is checked through Levene’s Test of Equality, which indicates

whether or not each group has a similar variability of scores. The results related to the

dependent variable are presented in the Table 4.25.
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Table 4.25. Levene’s Test of Equality of Error Variances

F df1 df2 Sig.
Post_GSES 268 1 46 657

As represented in Table 4.25, the error variances of the dependent variable across the
groups were found to be equal (F (1, 46) = .268, p= .657). Hence, it failed to reject
the null hypothesis of equality of error variances (p>.05). In other words, the
variances across the groups for the dependent variable were equal. Therefore, the

assumption of homogeneity of variance is assumed not to be violated.

In conclusion, as all the assumptions are checked and assumed to be satisfied, the
Analysis Covariance could be conducted to examine the effect of the inquiry-based
instruction enriched with origami activities on the population means of 7" grade
students’ post-test scores of self-efficacy geometry when the effect of students’ pre-
test scores of attitudes towards geometry and self-efficacy in geometry were

controlled.

4.3.2.4 Results of ANCOVA for the Second Research Problem

Analysis of covariance was performed to investigate the effect of the inquiry-based
instruction (IBI) on students’ self-efficacy in geometry. The independent variable was
the type of treatment: inquiry-based instruction (IBI) for the experimental group
versus regular instruction (RI) for the control group. The dependent variable was
students’ self-efficacy in geometry measured after the treatment. Students’ geometry
attitude (Pre_GAS) and geometry self-efficacy (Pre_GSES) measured before the

treatment were used as covariates in this analysis.

The statement of hypothesis was ‘There is no significant effect of inquiry-based
instruction enriched with origami activities on the population means of 7™" grade
students’ post-test scores of self-efficacy in geometry when the effect of students’

pre-test scores of attitudes towards geometry and self-efficacy in geometry are
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controlled. The overall summary of inferential statistics for geometry self-efficacy
scores gathered through ANCOVA is presented in Table 4.26.

Table 4.26. Results of ANCOVA for the Third Research Problem

Source Type HI df Mean F Sig. Partial Noncent.  Observed
Sum of Square Eta Parameter  Power®
Squares Squared

Corrected 7712,82 3 257094 16.89 .000 .523 50.67 1.00

Model

Intercept 816.85 1 816.85 5.37 .025 .109 5.37 .62

Pre GSES  3249.62 1 3249.62 2135 .000 .327 21.35 1.00

Pre_ GAS 35.02 1 35.02 .23 .634 .005 .23 .08

Treatment 1487.27 1 1487.27 9.77 .003 .182 9.77 .86

Error 6697.66 44 15222

Total 363083.00 48

Corrected 14410.48 47
Total

As can be seen in Table 4.26, the third null hypothesis was rejected (F (1, 44) = 9.77,
p=.003). That is, the result of the analysis of students’ Post GSES scores indicated
that there was a statistically significant effect of inquiry-based instruction on 7" grade
students’ self-efficacy in geometry. Furthermore, the eta squared value (n2 = .182)
indicates a strong relationship between treatment and dependent variable, referring
that the size of the difference among the groups was not small. In other words, 18.2
percent of the variance in the Post. GSES scores was explained by the treatment. In
addition, the power was found to be .86. Hence, the difference found between the

groups stemmed from the treatment effect and this difference had a practical value.

4.4 Summary of the Findings

The purpose of the current study was to investigate the effect of an inquiry-based

instruction on students’ achievement in the concept of reflection symmetry, attitude
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towards geometry and geometry self-efficacy. In this sense, ANCOVA was
conducted to examine the effect of this instructional method on achievement in
reflection symmetry, geometry attitude and self-efficacy in geometry. Assumptions
of independence of observation, normality and outliers, reliability of covariates,
multicollinearity, linearity, homogeneity of regression, and homogeneity of variance
for ANCOVA were checked and all of the assumptions were met for each dependent
variable (Post_RSAT, Post_GAS and Post_GSES). Moreover, it was found that the
independent variables (Pre-RSAT, Pre-GSES and Pre-GAS) had a significant
correlation with the dependent variables (Post-RSAT, Post-GSES and Post-GAS); in
other words, Pre_ RSAT was correlated with Post. RSAT, Pre_ GAS was correlated
with Post._ GSES and Post._ GAS, and Pre_ GSES was correlated with Post. GSES and

Post_GAS. Thus these independent variables were used as covariates in ANCOVA.

Results revealed that the means of the Post-RSAT, Post-GSES and Post-GAS scores
of the students in the experimental group were greater than those in the control group.
Moreover, the gain scores of the students in the experimental group in terms of RSAT,
GSES and GAS were greater those in the control group. According to the results of
ANCOVA, it was found that there was a statistically significant mean difference
between the students taught by the inquiry-based instruction and those taught by
regular instruction with respect to gained scores in achievement in reflection
symmetry favoring inquiry-based instruction group. Moreover, ANCOVA results for
the second and third question also revealed that there was a statistically significant
mean difference between the students in the experimental and control groups in
attitude toward geometry and self-efficacy in geometry in favor of the experimental
group. Finally, the effect sizes calculated on the post-test scores of Post-RSAT, Post-
GSES and Post-GAS were moderate and large for both groups, thus indicating

practical significance.
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CHAPTER V

DISCUSSION AND CONCLUSION

The purpose of this study was to examine the effect of an inquiry-based instruction
enriched with origami activities on the 7" grade students’ achievement in reflection
symmetry, attitudes towards geometry and self-efficacy in geometry. With this
purpose, an experimental research design was used to investigate the effect of the
inquiry-based instruction method. In the first three sections of this chapter, findings
related to the effect of an inquiry-based instruction on students’ achievement in
reflection symmetry, attitudes towards geometry and self-efficacy in geometry are
discussed and compared to previous research studies. In the fourth section,
implications of the study are discussed. Finally, in the fifth section, recommendations

for further studies are made.

5.1 Discussion on the Effect of an Inquiry-Based Instruction on Students’

Achievement in Reflection Symmetry

In the current study, whether there was a significant effect of the inquiry-based
instruction enriched with origami activities on the 7" grade students’ achievement in
reflection symmetry was examined. ANCOVA was conducted to test the effect of the
inquiry-based instruction on the students’ achievement when the effect of the
students’ pre-test scores of achievement in reflection symmetry, attitudes towards
geometry and self-efficacy in geometry were controlled. The ANCOVA results
indicated that there was a statistically significant effect of the inquiry-based
instruction on students’ achievement in the concept of reflection symmetry. That is,
the students instructed with the inquiry-based instruction method got significantly
higher achievement scores on the Reflection Symmetry Achievement Test than the

students instructed with regular instruction.
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Most studies related to inquiry-based instruction were conducted in science education
and employed an experimental research design with a control group. The researchers
used inquiry methods in science education to mostly support laboratory activities. For
the analysis of the results, researchers used the independent sample t-test to examine
the difference between experimental and control groups and paired sample t-tests to
examine the difference between pretest and post test scores of each group. As in the
current study, the researchers concluded that inquiry-based instruction has a positive
impact on achievement levels of students in Turkey (Tiirkmen, 2009; Saglamer-
Yazgan, 2013; Tatar, 2006; Sakar, 2010; Fansa, 2012; Goksu, 2011; Akpullukcu,
2013; Sar1 & Bakir-Giiven, 2013; Caligkan, 2008; Celik, 2012; Kula, 2009; Altunsoy;
2008; Sever & Giiven, 2014) and in other countries (Ferguson, 2010; Maxwell,
Lambeth & Cox, 2015; Abdi, 2014; Taylor & Bilbrey, 2012; Johnston, 2014; Njoroge,
Changeiywo, & Ndirangu, 2014). Although the sample, tools, techniques, and the
topic of the current study are different from the studies related to inquiry-based
instruction in the literature, the instructional method (inquiry-based instruction) and
the key features of the instruction were similar. For this reason, this study revealed
that inquiry-based instruction can be accepted as an effective instructional method

since it increased the achievement level of the students.

Several factors may account for the positive impact of an inquiry-based instruction
on students’ achievement. One of these factors might be students’ active participation
during inquiry-based instruction. In this sense, inquiry-based instruction enables
students to be active participants who make observations, work on problems and
formulate questions, make assumptions, collect data and represent their findings, and
make connections with their prior knowledge (Artigue & Blomhoej, 2013). Moreover,
rather than engaging in memorization, being active during instruction may make
students understand the reflection symmetry concept task (Brown & Campione,
1986). Hence, active participation during inquiry-based instruction might enable
students to have higher achievement scores. Furthermore, during inquiry-based
instruction, students are asked to explain their solutions to support their reasoning and
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they are made to hold discussions in the classroom. According to the inquiry-based
instruction, peer interaction is unavoidable. Therefore, students’ being active during
instruction, social communication with others and discussing their mathematical
reasoning might have had an impact on increasing students’ achievement scores in

the concept of reflection symmetry.

Another reason might be the effect of origami activities used during the inquiry-based
instruction. Origami enables students to manipulate a piece of paper physically, so
they can make connections of many mathematical concepts more concretely (Wares,
2016). According to Piaget (1965), students have difficulty understanding abstract
mathematical concepts expressed in words or symbols solely through direct
instruction since they are not mature enough cognitively. Concrete materials enable
students to communicate mathematically and develop their own cognitive models
(Ojose & Sexton, 2009). Moreover, long-term application of concrete materials at
various grade levels increases students’ mathematics achievement (Sutton & Krueger,
2002). In this sense, origami models can be regarded as concrete materials since
origami provides students with ready-made manipulatives that can be improve
visualization of abstract ideas in a concrete mode (Haga, Fonacier, & Isoda, 2008).
For instance, while working on the activity of buttered toast, students folded the paper
toast model into two to be able to decide on the place of butter. In this activity,
students were asked what they considered while folding. Students were expected to
realize the importance of the line on which the model folded. When they were asked
why they folded the model through the line in the middle of two slices of bread, they
explained that the crease represented line of symmetry and a figure and its reflection
should be placed in equal distances from the line. For this reason, using origami
models in the activities might have had a positive impact on increasing students’
reflection symmetry achievement score in the current study. Moreover, inquiry-based
mathematics instruction gives students the advantage of learning mathematical
language and speak by engaging in mathematical discussion, by proposing reasons,
and by working on new and unfamiliar problems. That is, inquiry enables students to
learn mathematics through discursive activities (Richards, 1991). Artigue and
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Blomhgj (2013) emphasize that ‘‘inquiry’’ and ‘‘problem solving’’ overlap
philosophically. Furthermore, literature reveals that problem solving is an effective
way of teaching mathematics (e.g., Hammorui, 2003; Ozkaya, 2002; Ubuz, 1991).
Thus, the activities in the current study were presented to the students in a problem
context. In this sense, problems were constructed in which students were not asked to
fold a given model, but were expected to feel the necessity to fold the paper to be able
to answer the problem and use these models to support their solutions. Therefore,
students were given the opportunity to work on problems under inquiry based
instruction. These problem solving sessions might have been effective in increasing

students’ achievement in reflection symmetry.

Furthermore, a problem should have the capacity to engage all of the students in the
class to make and examine mathematical hypothesis (Lampert, 1990). In this sense,
Tandogan and Akmoglu (2006) stated that daily-life expressions of problems might
lead students to participate actively. That is, if the students are asked to learn
mathematics, dealing with real-life problems can be suitable for them since realistic
approach enables them to understand abstract concepts (Artigue, and Blomhej, 2013).
Under the light of this information, the contexts of the problems were written on real
life situations mostly experienced previously by students such as painted
handkerchief, buttered toast. The aim was to make students establish a connection
between their real life experiences and mathematical concepts while dealing with
these problems. Therefore, the increase in their achievement scores related to
reflection symmetry might have stemmed from their working on the activities in the

light of their real life experiences.

As it was previously stated, students had prior knowledge which arose from the

objectives in the elementary mathematics curricula for 2", 3 and 4™ grades. These

objectives are generally related to explaining reflection symmetry, finding the line of

symmetry and reflecting a figure over the given line (MoNE, 2009). When the

explanations and sample activities related to these objectives in the curricula are

examined, it can be seen that the goal is to teach students at the visualization level
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(level 0) of the van Hiele geometric thinking levels. In this level, students identify,
compare and sort shapes on the basis of global visual characteristics of the shapes in
an informal language (Van de Walle, Karp, & Williams, 2013). Students operate on
the figure given to them and begin to figure out the similarities and differences among
shapes. According to these explanations, it is concluded that the activities related to
reflection symmetry in the curricula of earlier grades ensure the characteristics
described in level 0. On the other hand, in 7th grade, students are expected to explain
reflection symmetry in terms of the moves of the figures, properties of these moves
with justifications of the procedures according to the objectives in the curriculum
(MoNE, 2013). The explanations and requirements of the objectives show that
students are expected to move to analysis level (level 1) and informal deduction level
(level 2). In level 1, students recognize and describe the properties of a shape (e.g.,
parallelogram) through observation, measurement and modeling in a formal language.
When they move to the upper stage (level 2), they can follow and give informal
arguments and notice new properties by deduction. Students are encouraged to ask
“Why?” or “What if?” questions and make logical reasoning. The inquiry-based
instruction administered in the current study was designed to teach objectives related
to reflection symmetry in the 7" grade under the guidance of the curriculum. Origami
activities developed parallel to the objectives were applied from the easiest, which
was designed for students to recognize and describe the properties of reflecting a
figure (level 1), to the most complex ones, which were designed for students to
discuss, make explanations, evaluate the explanations and notice new properties of
reflection symmetry as the outcomes of inquiry-based instruction (level 2). For
instance, in the first activity, students were expected to fold the paper into two to be
able to decide the place of the butter and honey drops. Students who use folding to
find the reflection of a figure are expected to realize the relation between folding and
reflecting. In this sense, students were asked why and how they had folded the model.
The students were asked to discuss the properties of the crease pattern that they had
folded over. While asking such questions, the students were encouraged to describe
the process of reflecting and support their reasoning (level 1). In another activity,
students were asked to find the place of a painted point on a folded handkerchief. At
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the beginning of the activity, students were asked to find the place of the stain after a
simple folding done as a warm up to grasp the terms related to folding. The steps that
followed were more complex in that they were asked to find the place of the stain
after double and triple folds. The critical characteristic of these steps is that students
can find two different solutions which are both correct. Students were expected to
discuss these different solutions and provide explanations on the characteristics of
reflection symmetry (level 2). These activities applied within the inquiry process
might have led to an increase in students’ van Hiele geometric thinking levels. In the
same way, Dagdelen (2012) stated that origami-based instruction had a positive
impact on students’ van Hiele levels of geometric thought. Therefore, in the current
study, geometric thinking levels of the students might have increased after learning
through origami activities within the inquiry process and as a result of this increase,

their achievement scores in reflection symmetry might have increased.

5.2 Discussion on the Effect of Inquiry-Based Instruction on Students’

Attitudes towards Geometry

In addition to the effect of the inquiry-based instruction on students’ achievement in
the concept of reflection symmetry, the effect of this method on the affective domain,
such as attitude, was also examined. Attitude is a learned behavior, so it can be subject
to change (Koballa, 1988). According to accessible literature, instructional strategies
play an important role in students’ building constant dispositions and affective
responses i.e. attitude through mathematics. In this respect, it was believed that
inquiry-based instruction can be effective for the improvement of students’ attitudes
toward the geometry course, just as it was found to be an effective instruction method
for attitude towards other lessons such as biology and chemistry (Altunsoy, 2008;
Sakar, 2010). Therefore, in this study whether there was a significant effect of inquiry-
based instruction enriched with origami activities on the 7" grade students’ attitudes
towards geometry was examined. ANCOVA was conducted to investigate the effect
of this method on the students’ attitudes when the effect of students’ pre-test scores
of attitudes towards geometry and self-efficacy in geometry were controlled. The
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results of the analysis revealed that there was a statistically significant effect of
inquiry-based instruction on students’ attitudes towards geometry. That is, the
students instructed with inquiry-based instruction enriched with origami activities got
significantly higher attitude scores on the Geometry Attitude Test than the students

instructed with regular instruction.

Inquiry-based instruction aims to improve and foster investigative minds and attitudes
that enable students to face and accomplish ambiguous futures (Artigue &Blomhoej,
2013). In this sense, this instructional method is emphasized in the literature and
educational programs to be used for teaching mathematics. However, although it is
explained in terms of its positive impact on students, it is seen that this method is
unlikely to be used during mathematics instruction (Dogan, 2006). In this sense,
although students are not familiar with inquiry-based instruction, luckily they were
eager and volunteered to be involved in inquiry-based instruction, to work on
activities and to discuss their solutions. Since volunteering to participate in the study
means having an open attitude and being willing to engage in this process (Drijvers
et al., 2013), it can be said that the participants had an open attitude. For that reason,
they might have been open to inquiry based instruction and to change in their attitudes
towards geometry. That is, this characteristic might have enabled the instruction to

have an impact on their attitude towards geometry.

Furthermore, creativeness and reasoning are assumed to function as principals in
improving attitude toward mathematics (Putney & Cass, 1998). In addition, concrete
materials also play a crucial role in the improvement of attitude toward geometry
(Sowell, 1989). In this respect, origami, which has the related characteristics, was
used in this study as an instructional tool for inquiry-based instruction. In their studies,
Cakmak (2009), Simsek (2012) and Takicak (2012) observed that students who were
instructed through origami-based instruction had a positive attitude towards origami.
This might be the reason of their willingness to be active during their creation and
reasoning of origami models. During the instruction, students used their creativeness
to construct related figures and discuss their reasoning mathematically. For instance,
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in the activity of the fox, students were expected to fold through creases to create the
fox. At the beginning, students started to fold from the creases without reasoning;
however, they could not. When they were told that it entailed a mathematical
explanation, they stopped folding and examined the model to be able to discover the
solution. Students inquired their own solutions by willingly engaging in reasoning on
the concrete model and assessing their performance by themselves according to the
product that they constructed. Since they created their figure through reasoning, they
were encouraged to support their solution during classroom discussion. Moreover,
they observed that they could succeed in communicating, even discussing,
mathematically. This might have improved students’ attitudes towards geometry.

Moreover, as in this study, offering practice to students in ‘‘doing mathematics’’ is
valued so that they can have a feeling for mathematical practices (Kim & Ju, 2012).
During the inquiry-based instruction, all the students engaged in the process of asking,
responding, solving problems, constructing origami figures, discussing and
supporting their responses. Moreover, it was observed that students had a productive
disposition. Productive disposition means committing to making sense and solving a
task and knowing that it can be managed if it is worked on (Van de Walle, Karp &
Williams, 2013). In other words, during the instructions, it was informally observed
that students worked on origami activities which were presented in a non-routine
problem context. Indeed, it was difficult for the students to solve the problems at first
glance. Although they had difficulty most of the time, they refused to get help from
the others who had completed the activity. When they were offered help and were
explained the procedure to fold, they usually replied as “No, don’t tell me, I will do
it”. Most of the students made significant progress on the activities in that they had a
productive disposition- a “can do” attitude (Van de Walle, Karp & Williams, 2013).
Therefore, having a productive disposition kept the students in class completely
involved in the activities. This behavior of having a productive disposition might have
increased their attitude towards geometry since they were willing to compete the

given activities.

138



5.3 Discussion on the Effect of Inquiry-Based Instruction on Students’ Self-
efficacy in Geometry

In addition to attitude towards geometry, another concern of the current study in terms
of the affective domain was students’ self-efficacy in geometry. Self-efficacy is a
person’s belief that he or she can perform and achieve a given task (Bandura, 1997).
Bandura also states that self-efficacy is not a static belief, i.e. it may change according
to new practices or situations (Bandura, 1986). Cognitive researchers emphasize the
importance of assessing students’ self-efficacy in mathematics as a component of the
increase in their mathematical performance (Bandura, 1997; Pajares, 1997). In this
sense, it was believed that it would have been valuable to measure students ‘self-
efficacy in geometry and the effect of inquiry-based instruction on this affective
belief. Therefore, the current study was conducted to investigate whether there was a
significant effect of an inquiry-based instruction enriched with origami activities on
the 7" grade students’ self-efficacy in geometry. ANCOVA was conducted to test the
effect of the instructional method on the students’ self-efficacy when the effect of the
students’ pre-test scores of attitude towards geometry and self-efficacy in geometry
were controlled. Analysis showed that there was a statistically significant effect of the
inquiry-based instruction on students’ self-efficacy in geometry. That is, the students
instructed with inquiry-based instruction enriched with origami activities got
significantly higher self-efficacy scores on the Geometry Self-Efficacy Test than the

students instructed with regular instruction.

As in the current study, the impact of inquiry-based instruction on self-efficacy has
been explained in a variety of disciplines and settings. There are studies related to the
effect of inquiry-based instruction in the accessible literature on self-efficacy of
students and teachers (Usta-Gezer, 2014; Kocagiil, 2013; Ozdilek & Bulunuz, 2009;
Laipply, 2004; Roster, 2006; Thrift, 2007; Tuan, Chin, Tsai & Cheng, 2005). These
studies revealed that professional development programs related to the application of

this method change teachers’ beliefs in this method and their self-efficacy in using it
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for instruction, and this instructional method has a positive influence on self-efficacy
of students in related courses.

Another factor that can have an effect on self-efficacy might be the assistance
provided in teaching. As Laipply (2004) explained, the reason underlying the increase
in self-efficacy of the college students in a biology course might be the chance given
to students to do science with appropriate guidance. Thus, in the current study,
students were posed questions to direct them in completing the activities and engaging
in mathematical reasoning. When they tried to complete some movements through
trial and error, they were asked to explain their reasoning. Such questions enabled
them to rethink about the solutions and to engage in mathematical reasoning.
Therefore, the guidance of the researcher might have positive effect on students’ self-

efficacy in geometry.

Moreover, the difficulty level of the activities might be another reason of the increase
in students’ self-efficacy in geometry. Roster (2006) drew attention to the difficulty
level of the activities during instruction, which may cause an increase in the self-
efficacy of students. That is, students’ self-efficacy tends to increase through the
practice that they are familiar with or they have experienced before. In the same
respect, although students had not experienced origami activities before, they were
familiar with the contexts of the activities, such as stain on a handkerchief. Since they
are familiar, student might have found them understandable and this might have

changed their self-efficacy in geometry positively.

In addition to these findings, in the current study, it is believed that sources of self-
efficacy might have played a crucial role in the improvement of students’ self-efficacy
in geometry. According to Bandura, self-efficacy can be improved by means of four
sources: performance accomplishments, vicarious experiences, verbal persuasions,
and emotional-physiological states occurring at any time during mathematical
involvement (Bandura, 1977). Performance accomplishments are determined by
students according to their success in previous tasks and activities. After completing
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the given task, students evaluate their performance (Bandura, 1997). In the current
study, students worked on origami activities and tried to solve the given problems by
folding paper. They obtained a product and talked about it to explain the mathematical
idea underlying the folding. During the implementation, students had the opportunity
to realize that they could construct the expected product and explain reflection
symmetry based on the lines they folded over. Therefore, students had the advantage
of assessing their own performances though the figure they had constructed and, thus,
evaluated themselves. This performance accomplishment might have enhanced

students’ self-efficacy in geometry.

The second source of self-efficacy is vicarious experience, which is related to
observing others’ performance (Bandura, 1997). This influences efficacy when
students observe others successfully performing a mathematical task and tend to
achieve as they do. During the activities, the participants were observing their peers
while they were trying to discover how to fold a given model. They were trying to
assess their own performance according to others. When someone completed the
activity, they made reactions, such as “Who finished?”, “Is it the correct answer?”,
“Don’t tell me, I will complete it too”. Students were more encouraged and ambitious
when the others completed the given activity. Thus, the increase in self-efficacy in

geometry might have stemmed from these vicarious experiences of the students.

The third source of self-efficacy is verbal persuasion, which refers to the
encouragement and discouragement of others, particularly of teachers who influence
through the feedback they give to students’ performance (Klassen, 2004; Usher &
Pajares, 2006). Teachers are coded by students as the influential source of their
motivational attitudes for a specific subject (Viau, 1999). In this study, the instruction
to students was applied by the researcher. It was observed that students had a positive
attitude towards the researcher in that they were asking whether or not she was going
to attend the next lesson again. Moreover, during the instruction, students were
encouraged to complete the activity by emphasizing that they could do it. When the
students expressed that they could not find how to solve the problem and asked help
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from the instructor, she did not show how to do the folding and how to answer the
problems. She tried to encourage them by uttering such statements as ““You can do
it”, “Did you read the problem correctly? Let’s read and understand together”, “Think
about previous activities; you did this before.” Thus, the attitudes of the researcher
towards the students might have increased students’ self-efficacy in geometry.

The final source of self-efficacy is emotional-physiological states, which can
positively or negatively affect students’ perceptions of ability (Usher & Pajares,
2006). When students experience a positive emotional response, they tend to be
energized and their perceptions of their abilities are enhanced and thus their self-
efficacy beliefs increase (Bandura, 1997). In contrast, negative experiences cause
students’ self-efficacy beliefs to get lower. During the study, there was no indication
of students being in a stressful position. They were having fun while trying to figure
out how to fold, discussing their reasoning and communicating mathematically during
inquiry. Based on the students’ reactions during the instruction, such as “It is fun to
do mathematics with these activities”, “I wish we had always had such mathematics
lessons”,” 1 like the mathematics lesson”, and “I like constructing figures”, it is
believed that students’ positive emotions in the lesson might have impacted their self-

efficacy in geometry positively.

In addition to sources of self-efficacy, it is believed that having a productive
disposition might have affected students’ geometry self-efficacy that is their
perceptive ability in geometry. As previously explained, students had a productive
disposition during instruction in that they showed self-confidence to complete the
activities with an “I can do” attitude. Students with a positive self- efficacy tend to
persist until they succeed (Bandura, 1977). Therefore, as stated above that it might
have enhanced students’ attitudes toward geometry, having a productive disposition

might have influenced students’ self-efficacy in geometry.

142



5.4. Implications for Mathematics Education

In the current study, the effect of an inquiry-based instruction enriched with origami
activities on 7"" grade students’ achievement in reflection symmetry, attitudes towards
geometry and self-efficacy in geometry was examined. Grounded on the findings of
this study, possible implications for teachers, curriculum developers, and teacher
educators are stated in this part of the study.

According to the relevant literature, although inquiry is stated as an effective
instructional approach for effective literature teaching of many disciplines, teachers
are reluctant to implement inquiry-based instruction in their lessons (Cheung, 2007)
and prefer using direct instruction strategies (Dogan, 2006). Some of the reasons of
avoiding inquiry-based instruction are teacher beliefs, lack of effective inquiry
materials, student complaints and material demands (Cheung, 2007). This study can
be a sample for using inquiry in mathematics education with its features of involving
all students in activities, working on cheap and accessible material and making
students talk mathematically about what they produced. Thus, teachers should extend
this study and use this method in other grade levels for the instruction of other topics
in the light of the requirements of inquiry, which enables students to be active and to
construct their own knowledge. It should be well-known that the middle school
mathematics program requires teachers to use the inquiry approach in their courses
(MoNE, 2013). Thus, current and similar studies can offer opportunities for teachers
to become experienced in using the inquiry-based instruction in many topics in the

mathematics curriculum.

As previously stated, sample inquiry-based instructions enable teachers in

professional development programs to change their attitude and self-efficacy towards

inquiry. In this sense, it is seen that teachers need to experience effective inquiry-

based instruction to be inspired and use it in their classroom. The current study might

be a sample for teachers to to see how an inquiry-based instruction should be applied.

Moreover, they can observe that an application of a well-designed inquiry instruction
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can change students’ attitudes and self-efficacy towards lessons. Therefore, teachers
can design similar instructional settings to improve students’ attitudes and self-

efficacy in geometry.

Moreover, the findings of this study indicate that students who are instructed by
means of origami activities within the inquiry approach showed improvement in terms
of achievement, attitude and self-efficacy in the geometry course. As previously
emphasized, although the importance of inquiry and paper folding activities were
emphasized in the program, the curriculum does not include any examples or
directions of how to use them. Thus, curriculum developers should offer examples
on how to use the inquiry approach and how to develop origami activities in
mathematics lessons effectively. For instance, sample activities in inquiry-based
instruction and origami can be provided so that teachers and text book writers can use

these methods and tools in mathematics courses/textbooks.

In addition to teachers and curriculum developers, literature review revealed that there
are implications for teacher educators also. As previously emphasized, teachers are
reluctant to use student-centered instructional methods because of several issues
including lack of materials, lack of time, students’ complaints, classroom
measurement issues. According to literature, teachers tend to have more positive
beliefs towards inquiry-based instruction and consequently have an increased level of
self-efficacy in using it when they attend professional development projects (Thrift,
2007). Therefore, teacher educators should emphasize the importance of inquiry and
how to use it in the classroom effectively by providing and practicing sample

classroom settings through inquiry-based instruction in methodology courses.
Besides the implications for stakeholders, the present study also offers some

recommendations for researchers for further studies. These recommendations will be

presented in the following section.
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5.5. Recommendations for Further Research Studies

The present study is focused on the effects of inquiry-based instruction enriched with
origami activities on the 7" grade students’ achievement in reflection symmetry,
attitudes towards geometry and self-efficacy in geometry. Based on the findings of
the study, some recommendations for further research studies can be suggested.

The study was conducted according to a pretest and posttest design with a control and
experimental group. The convenience sampling method was used to select the sample
of the study, which included 7" grade students in two classrooms from a public
school. Similar studies could be conducted with students selected through random
sampling. In this way, the findings of the study can be generalized to others.
Moreover, it would be beneficial to conduct similar studies in both private and public
schools. The results gathered from two different school types can be compared in

other grade levels and the effect of gender and school type can be examined.

In the same way, this study can be conducted with students from different socio-
cultural status. Participants of the current study were from a low socio-cultural
background. The school was located in a district where there were refugees, gypsies
and people who had immigrated from all around Turkey. This might be effective in
students’ being open to communication with others since they are used to it.
Therefore, they did not have problems in communicating with the researcher although
she was a stranger for them. They did not hesitate to participate in activities and
explain their findings and participating in discussions. This might be effective in
enhancing achievement, attitude and self-efficacy of the students. Hence, data can be
gathered from students with different socio-cultural backgrounds to be analyzed and

compared with each other.

From another perspective, it is believed that students’ both attitudes towards geometry

and self-efficacy in geometry might have been affected by their productive

dispositions, which was observed by the researcher during instructions. These
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observations are explained by the researcher based on her personal observations, so
there is no concrete evidence for justification. Further studies might be conducted by
making visual or audio recordings so that the responses and behaviors of students can
be examined in detail. In the same way, to be able to explain the effect of inquiry-
based instruction on self-efficacy, similar studies could be supported by interview
sessions. Questions written in accordance with the sources of self-efficacy could be
posed to selected students. Such questions may help to explain the reason of the

increase in self-efficacy in geometry.
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APPENDICES

Appendix A: TABLE OF SPECIFICATION FOR THE ITEMS IN
REFLECTION SYMMETRY ACHIEVEMENT TEST

Test Objective (MoNE, 2013)
Item

Iltem 1 Students will be able to draw reflection symmetry of shapes on the

plane.

Item 2 Students will be able to draw reflection symmetry of shapes on the
plane.

Item 3 Students will be able to draw reflection symmetry of shapes on the
plane.

Iltem 4 Students will be able to discover the equality of the distance of a point
on the shape to symmetry line and distance of the image of this point to
symmetry line under reflection.

Iltem 5 Students will be able to discover the equality of the distance of a point
on the shape to symmetry line and distance of the image of this point to
symmetry line under reflection symmetry (Shapes are reflected also
according to inclined lines.).

Item 6 Students will be able to discover that shape and its image under
reflection symmetry are congruent (Shapes on symmetry line are also
used).

Iltem 7 Students will be able to discover that shape and its image under
reflection symmetry are congruent (Shapes on symmetry line are also
used).

Iltem 8 Students will be able to discover that shape and its image under
reflection symmetry are congruent (Shapes on symmetry line are also
used).

Iltem 9 Students will be able to discover the equality of the distance of a point
on the shape to symmetry line and distance of the image of this point to
symmetry line under reflection symmetry (Shapes on symmetry line are
also used).

Item10  Students will be able to draw image of a shape after reflecting
consecutively.

Table of specification for the items in Reflection Symmetry Achievement Test based
on the objectives of national mathematics education curriculum.

*Translations are done by the researcher
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Sorul

Appendix B: 7. SINIF YANSIMA SIMETRISI BASARI TESTi

a) Asagida verilen K harfinin aynadaki goriintiisiinii ¢iziniz.

Soru 2

b) Aynadaki goriintiiyii nasil ¢izdiginizi
aciklaymiz.

a) Asagida verilen seklin aynadaki goriintiistinii ¢iziniz.

1 birim

"

ayna

b) Aynadaki goriintiiyii nasil

¢izdiginizi agiklaymiz.

c) Sekil ile ayna goriintiisii
arasinda nasil bir iligki vardir?
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Soru 3

Asagida verilen sekil d dogrusuna gore yansitildiginda hangi kelime olusmaktadir?

r'y

Y

Soru 4

a) Yanda verilen noktanin ayna goriintiisiinii ¢iziniz.

sol sag ayna

b) Noktanin aynaya olan
uzakligi ile goriintiisiiniin aynaya
olan uzaklig1 arasinda nasil bir
iliski vardir?

c) Nokta 1 birim saga
dogru  hareket ettirildiginde
goriintiisii hangi yonde kag birim
hareket eder?

d) Nokta 2 birim asagiya dogru hareket ettirildiginde goriintiisii hangi yonde kag

birim hareket eder?
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Soru 5

Ali, beslenme saatinde mendiline regel dokmiistiir. Ali beslenmesini toplarken
mendili sekildeki dogru boyunca katlayinca recel diger kisma da bulagmistir.

a) Regelin bulastig1 yer1 isaretleyiniz.
b) Regel lekelerinin katlama ¢izgisine olan
uzakliklar1 arasinda nasil bir iliski vardir?

Soru 6

12345673
9 0

a) Yukarida verilen rakamlardan hangilerinin simetri dogrusu vardir?
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b) Bu rakamlarin varolan tiim simetri dogrularini asagida gosteriniz.

Soru 7
Merve, simetri ekseni olan bir besgen ¢izmek istemektedir.

a) Merve, asagida goriildiigii gibi besgenin ii¢ kenarini ¢izmistir. iki kenar1 da
sizin ¢izmeniz beklenmektedir. Kalan iki kenar1 besgende bir simetri ekseni
cizilebilecek sekilde yerlestiriniz.

b) Olusturdugunuz besgenin simetri eksenini
sekil lizerinde gosteriniz.
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Soru 8

Ahmet sekilde verilen kagidi 6nce gosterilen sekilde
ikiye katlamistir. Daha sonra noktali ¢izgiyle gosterilen
yerden kesip i¢ini ¢ikarmistir.

a) Cikardig1 parcayr actiginda elde ettigi sekli
asagiya ¢iziniz.

b) Arta kalan kagit a¢ildiginda elde ettigi sekli asagiya ¢iziniz.

Soru 9

Say1 dogrusu lizerine ayna yerlestirilerek rakamlarin goriintiilerinin nerde gortildiigii

belirlenmeye calismaktadir.

a) Simetri aynasi hangi saymnin lizerine koyulursa 0 rakami 8 rakaminin iizerinde

yer alir?




b) Simetri aynas1 k dogrusunun iizerine yerlestirilirse, hangi rakamlar birbirinin
iizerinde yer alir?

J

=
B

L

n

(=]

-J

[ )

0w —

Soru 10

Asagida verilen A dortgeni verilen dogrulara gore saga dogru pes pese 3 kere
yansitilarak bir slisleme olusturulmak istenmektedir. Buna gore yansima sonucu
olusan diger ii¢ dortgenin tarali olmasi gereken kisimlarmi taraymiz.
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Appendix C: RUBRIC FOR ACHIEVEMENT TEST

QUESTION 1, a

Points | Description

4
i Drawing totally correct reflection.

3
Drawing end points of K correctly but,
drawing other points on K wrong as drawn on
the example on the left.
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Drawing exactly the inverse of K, but on
the wrong place as drawn on the example
on the left.

Or

Drawing some part of K correctly
according to reflection, completing other
parts wrong.

Drawing the inverse of K, but in the
wrong size and on the wrong place as
drawn on the example on the left.

0 e Not drawing the inverse of K, just drawing a regular K.
e Other incorrect (erased, crossed out, illegible, stray marks, off
task).

QUESTION 1,b

Points | Description

4 e Specifying not only the shape as inverse of the K but also the
place of the shape by counting units or reflecting critical points.

e Explaining as folded version of K.

e Using the words of “reflection” or “symmetry” which shows
that students are capable of the concept.

3 e Just explaining the place of shape like counting units,
specifying critical points etc.

2 e Drawing some part of K and completing the letter according to
this part.
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1 e Expressing the inversion.
e Drawing according to imagination.
e Justifying the inversion property of mirror as “ mirror shows the
images inverse.”
0 e Other incorrect (erased, crossed out, illegible, stray marks, off
task).
QUESTION 2,a
Points | Description
3 ayna
E o Drawing totally correct reflection
. : . on the same horizon with original shape.
‘ . | .
2 ayna
_ . o Wrong reflection of square but
s | | . correct reflection of points.
L] i L ]
1 - ayna
- - e Correct reflection of square but wrong
b LF reflection of points.
Or
— ayna
* Inverse of the shape as correct reflection of
* i * both square and points, but not on the same
! . horizon with original shape.
0 e Other drawings.
e Other incorrect (erased, crossed out, illegible, stray marks, off
task).
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QUESTION 2,b

Points | Description

4 e Specifying not only the shape as inverse of original shape but
also the place of the shape by counting units or reflecting critical
points.

e Explaining as folded version of original shape.

e Using the words of “reflection” or “symmetry” or “mirror
symmetry” or “mirror reflection” which shows that students are
capable of the concept.

3 e Just explaining the place of shape like counting units, specifying
critical points etc.

2 e Drawing some part of original shape and completing the rest of
the shape.

1 e Expressing the inversion.

e Drawing according to imagination.
e Justifying the inversion property of mirror as “ mirror shows the
images inverse.”

0 e Other incorrect (erased, crossed out, illegible, stray marks, off
task).

QUESTION 2,c

Points | Description

(13

3 e Explaining the relationship with the words of “reflection” or
symmetry”.

e Explaining the relationship as both “they are inverse of each
other” and their distance from the mirror.

e Explaining the relationship as ““ they coincide when the paper is
folded through the mirror line”.

2 e Explaining the relationship in terms of their distance from the
mirror.
e Giving information about their distances.
1 e Explaining the relationship as both “they are inverse of each
other” .
0 e Other incorrect (erased, crossed out, illegible, stray marks, off
task).
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QUESTION 3

Points | Description
4 p— p—
l ‘ e Correct reflection, and
. : ‘ < » writing the word of BEBE
3 et et
o Drawing vertices of shapes
\ - - . correctly but, connecting these
critical points wrong as ignoring
. | other points on the original shape.
2 e —— s
D D e  Drawing exactly the inverse
1] ] of given shapes, but on the
wrong place as drawn on the
| example on the left.
| DL DL
‘ ] B e Drawing the inverse of
given shapes, but in the wrong
1] Bl size and on the wrong place as
drawn on the example on the
left.
0 e Wrong reflection and wrong word.

e Other incorrect (erased, crossed out, illegible, stray marks, off
task).
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QUESTION 4,a

Points | Description

sol saf - ayna

. Correct reflection as same
distance from the mirror with the
original point and on the same

|
|
o : o horizon.
i
I
I

50l saf - 3yna

e  Drawing point on the same

horizon with the original point,

but with wrong distance from
. the mirror.

L] 53l - ByNa

o Drawing point with correct
distance from the mirror, but not
on the same horizon with the
original point.

0 e Drawing point not only with wrong distance from the mirror, but
also not on the same horizon with the original point.

e Other incorrect (erased, crossed out, illegible, stray marks, off
task).

QUESTION 4,b

Points | Description

3 Any expression pointing the equality of the distances from the mirror.
0 e Not expressing the equality of the distances.
e Other incorrect (erased, crossed out, illegible, stray marks, off
task).
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QUESTION 4,¢

Points | Description
3 The point moves 1 unit through left hand side.( correct unit and correct
side)
2 Correct unit (1 unit) but wrong side ( not left hand side)
1 Correct side (left hand side), but wrong unit ( not 1 unit)
0 e Wrong unit and wrong side
e Other incorrect (erased, crossed out, illegible, stray marks, off
task).
QUESTION 4,d
Points | Description
2 The point moves 2 units through down side.( correct unit and correct
side)
1 e Correct unit (2 unit) but wrong side ( not down side)
Or
e Correct side (down side), but wrong unit ( not 2 unit)
0 e Wrong unit and wrong side
e Other incorrect (erased, crossed out, illegible, stray marks, off
task).
QUESTION 5,a
Points | Description
3

Correct reflection.
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e Drawing the inverse of blot on the line perpendicular to the line
of fold passing through main blot, but with wrong distance from

line of fold.

e Just translating the blot on the line perpendicular to the line of

fold passing through main blot.

0,5

vertical or horlzontal

e Drawing
the inverse of
blot by
assuming line
of fold as




e Drawing the inverse of blot, but on the
wrong place.

0 e Wrong reflection.
e Other incorrect (erased, crossed out, illegible, stray marks, off
task).
QUESTION 5,b
Points | Description
3 Any expression pointing the equality of the distances from the line of
folding.
0 e Not expressing the equality of the distances.
e Other incorrect (erased, crossed out, illegible, stray marks, off
task).
QUESTION 6,a
Points | Description
3 Giving all three numbers; 3,8,0
2 Giving two of three numbers; (3,0) or (3,8) or (8,0)
1 Giving only one of three numbers; 3 or 8 or 0
0 e Giving no one of three numbers
e Other incorrect (erased, crossed out, illegible, stray marks, off
task).
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QUESTION 6,b

Points | Description
3 1
Drawing all 5 symmetrical
-437 lines
|
Partial e 1 point: symmetrical line of 3
point e 0,5 point: each of the symmetrical lines of both 8 and 0
0 e Showing symmetrical lines of wrong numbers.
e Other incorrect (erased, crossed out, illegible, stray marks, off
task).
QUESTION 7,a
Points | Description
3 Correct shape drawn which has 5 sides and 1 line of symmetry. Height
of intersection point of two segments drawn does not matter.
or
0 e Drawing shape which has not 5 sides.
e Drawing pentagon which has not a line of symmetry.
e Other incorrect (erased, crossed out, illegible, stray marks, off
task).
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QUESTION 7,b

Points | Description
3 e Drawing line of symmetry of drawn pentagon.
e Drawing any line passing through the midpoint of the base
vertically.
2 e Drawing any line passing through one edge and a vertex across
that adge.
1 e Drawing any line passing through two vertices.
0 e Any other drawing.
e Other incorrect (erased, crossed out, illegible, stray marks, off
task).
QUESTION 8,a

Points | Description

4

: Drawing correct shape.

3 e Drawing a rectangle which has a line of symmetry passing
through opposite vertices.
e Calling the drawn shape as rhombus or baklava.

2 e Drawing a rectangle which has not a line of symmetry passing
through opposite vertices.

1 e Drawing a triangle.

0 e Drawing any other shape.

e Not opening the piece.

e Other incorrect (erased, crossed out, illegible, stray marks, off
task).
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QUESTION 8,b

Points | Description

4

Drawing correct shape.

3 e Drawing a rectangle in which there is a hole in the shape of a
rectangle which has a line of symmetry passing through opposite
vertices i,e a rhombus.

2 e Drawing a rectangle in which there is a hole in the shape of a
rectangle which has not a line of symmetry passing through
opposite vertices.

1 e Drawing a rectangle in which there is a hole in the shape of a
triangle.
0 e Drawing any other shape.

e Not opening the paper.
e Other incorrect (erased, crossed out, illegible, stray marks, off
task).

QUESTION 9,a

Points | Description

4 e Drawing mirror passing through point 4 and vertical to number
line.

e Drawing mirror passing through a point between 3 and 5, not
exactly for, but expressing the correct idea in any way like 1 and
7 are seen on each other, or 2 and 6 are seen on each other etc.

3 e Drawing mirror passing through point 3 or 5 vertical to number
line.
2 e Drawing mirror passing through any point between 0 and 8

vertical to number line.
e Making some drawings to divide number line which shows that
student tries to find a point between 0 and 8.

1 e Making any other reflections not related to question, because of
misunderstandings.
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Unrelated answers to reflection.
Other incorrect (erased, crossed out, illegible, stray marks, off
task).

QUESTION 9,b
Points | Description
4 e While 1 and 3 are seen on each other, 0 and 4 are seen on each
other.
3 e Writing that 0 and 1 are seen on 3 and 4, but not expressing
which one is seen on which one.
2 e While 1 and 4 are seen on each other, 0 and 3 are seen on each
other.
1 e Any other reflections which are reasonable in itself.
0 e Incorrect matchings.
e Other incorrect (erased, crossed out, illegible, stray marks, off
task).
QUESTION 10
Points | Description
3

Painting following three quadrilaterals correctly.
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Partial

Each of three quadrilaterals is evaluated according to previous
quadrilateral. If the quadrilateral is painted correctly as a
reflection of previous one, it is 1 point.

e For example the

< pattern painted on the

left is 2 point.

Other type of paintings.
Other incorrect (erased, crossed out, illegible, stray marks, off
task).
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Appendix D: GEOMETRI TUTUM OLCEGI

Genel Agiklama: Asagidaki geometriye iligkin tutum climleleri ile her climlenin
karsisinda “Tamamen Katiliyorum”, “Katiliyorum”, “Kararsizim”, “Katilmiyorum”,
ve “Hi¢ Katilmiyorum” olmak tizere bes secenek verilmistir. Her bir climleyi dikkatle
okuyarak bos birakmadan bu ciimlelere ne Olglide katildigimizi secenekleri
isaretleyerek belirtiniz.

1. Geometri konularini tartismaktan hoslanirim.

2. Geometri benim i¢in sikicidir.

3. Geometri ger¢ek yasamda kullanilmayan bir konudur.

4-Geometri ilgimi ¢eker.

5-Geometri benim i¢in zevkli bir konudur.

6-Geometri konularini severek caligirim.

7-Geometri konularindan korkarim.

8-Geometri ile ilgili ileri diizeyde bilgi edinmek isterim.

9-Calisma zamanimin ¢ogunu geometriye ayirmak isterim.

10-Geometri konular1 zihin gelisimime yardimci olmaz.

11-Geometri konularini severim.

12- Geometri konular1 okulda 6gretilmese daha iyi olur.

Of O] Of O] O] ©Of O] Of ©Of O] Of O| O| Tamamen Katiliyorum
O] O] Of O O] O O O] ©Of ©of O] O] © Katiliyorum
O] O] Of O O] O O O] Of ©of O] O] © Hi¢ Katilmiyorum

Of O O] O] O] O] O] O] Of O O] O| O| Karasizim
OOOOOOOOOOOOOKatl]mlyorum

13-Geometri ile ilgili Ogretilenleri giinliik yasama
uygulayabilirim.
14-Geometri konusuna ¢aligmak icimden gelmez.

15-Geometri 6grenilmesi benim i¢in zor bir konudur.

16-Geometri dersinde zaman benim i¢in gabuk gecer.

Ol O o] o
Ol O o] o
Ol O o] o
Ol O o] o
Ol O o] o

17-Geometri konular1 benim i¢in eglencelidir.
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Appendix E: GEOMETRIYE YONELIK OZYETERLIK OLCEGI

Bu dlgekte 5°1i derecelendirme yapilmis olup 1 hi¢bir zaman, 2 ara sira, 3 kararsizim,
4 ¢ogu zaman ve 5 her zaman olarak diistiniilmiistiir. Liitfen verilen ifadeler i¢in 1-5

arasi size en uygun olan rakami isaretleyiniz.

1. Geometrideki kavramlar1 rahatlikla anlayabilirim.

O| © Hicbir Zaman
O| O|Ara sira

O| OKararsizim

O| Ol|Cogu Zaman
O| OJHer Zaman

2. Giinliik yasamda gordiiglim nesneleri geometrik
sekillere benzetebilirim.

3. Geometride arkadaslarim kadar iyi olmadigim
diistiniiyorum.

4. Bir geometrik sekil gordiigiimde onun 6zelliklerini O |0 O |O |O
hatirlayabilirim.

o
o
o
o
O

5. Bir geometri sorusu goriince ne yapilacagini O |0 O |O |O
bilemem.

6. Saatlerce ¢aligsam bile geometride basarili O |0 |O |O |O
olamayacagimi diisiiniiyorum.

7. Geometri ile el becerilerimi arttirabilecegimi O |0 O |O |O
diisiiniiyorum.

8. Geometri bilgimi diger derslerde kullanabilirim. O |0 O |O |O

o
O
o
o
O

9. Geometri konusunda yeterli bilgiye sahip degilim.

o
O
o
o
O

10.Geometri konusunda verilecek olan projelerde
basaril1 olacagimi diigiiniiyorum.

11.Geometri sorusu ¢ozdiik¢e kendime olan giivenimin
artacagini diigiiniiyorum.

12. Geometrik sekiller ile ilgili materyal gelistiremem.

o
o
o
o
O

13. Geometrik sekilleri kafamda canlandirabilirim.

14. Geometri ile ilgili problemler yazabilirim.

15. Geometri konusunda kendimi basarili goriiyorum.

O| O O] Of ©
O| O O] Of O
O| O O] Of O
O| O O] Of O
O| O O] Of O

16. Bir geometri problemini ¢6zmek i¢in gereken islem
basamaklarii ¢ikarabilirim.
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17. Matematiksel problemleri ¢ozerken geometrik
sekillerden yararlanirim.

18. Geometrik sekiller arasindaki iliskileri sdyleyemem.

19. Geometrik sekillerin sahip olduklari ¢evre
uzunluklarini tahmin edebilirim.

20. Yabanci bir yerde yolumu kaybedersem geometri
bilgim ile yolumu bulabilirim.

21. Geometri ile ilgili sorun yasayan arkadaslarima
yardimci olabilirim.

22. Bir geometrik seklin 6zelliklerini duydugumda
seklini ¢izebilirim.

23. Geometrik sekilleri kullanarak yeni bir geometrik
sekil olusturabilirim.

24. Bir geometri sorusunda islemleri yaparken telasa
kapilacagimi diigiiniiyorum.

25. Tleriki yillarda geometri bilgisinin kullanildig1 bir
meslek secersem basarili olacagima inaniyorum.

Ol Ol Ol of of of ofo o

Ol Ol Ol of of of ofo o

Ol Ol Ol o of of ofo o

ol Ol Ol of of of ofo o

ol Ol Ol of of of ofo o
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Appendix F: ACTIVITIES

1. AKTIiVITE: TEREYAGLI TOST ETKINLIiGi

( Anneleri disarda arkadaslariyla oynayan Ali ve

Osman’1 cagirip onlara tereyagl tost verecegini
1 soyler. Yanda gosterildigi gibi once bir dilim
ekmege tereyagi siiren anne iizerine bir bagka dilimi

kapatip Ali’ye verir.
a) Ali ekmegin i¢inde ne kadar yag oldugunu merak edip tostun i¢ini agar.
Tereyagiin diger dilime de gectigini goriir. Dilimlerin nasil goriindiigiinii
size verilen model lizerinde gdsteriniz.
b) Diger dilime bulasan tereyaginin yerini nasil belirlediniz? Neye dikkat

ettiniz?

€) Tereyaginm yerini belirlerken dikkat ettiginiz noktalarin matematiksel bir
ad1 var m1?

d) Diger dilime bulasan tereyaginin seklini nasil belirlediniz?

e) Iki dilimin birbirine gére durumunu matematiksel olarak aciklayiniz.

\ Osman’1n tostu i¢in ise yanda gdsterildigi gibi 6nce bir
dilim ekmege tereyagi siiren anne, tereyagl dilime 4
o damla da bal damlatip diger dilimi lizerine kapatir.

a) Osman, annesinin ne kadar tereyagi ve bal kattigin1 gérmek i¢in ekmekleri
acar. Dilimler nasil goriiniir? Size verilen model iizerinde gosteriniz.

b) Diger dilime bulagan balin yerini nasil belirlediniz? Neye dikkat ettiniz?
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c) Balin yerini belirlerken dikkat ettiginiz noktalarin matematiksel bir ad1 var
mi1?

d) iki dilimin birbirine gére durumunu matematiksel olarak aciklayiniz.

SRRRE <
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2. AKTIVITE: ORIGAMI FISH
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3. AKTIVITE: BOYALI MENDIL ETKINLIiGi

° Merve resim dersinde sulu boya kullanirken
mendiline sekilde goriildiigi gibi yesil boya damlamustir.
Mendili heniiz 1slakken katladiginda boya diger tarafa da
bulasir. Asagida farkli katlamalar sonucunda mendilde

olusacak lekelerle ilgili sorular1 cevaplayimniz.

a) Mendili dikey olarak katlayip actiginda meydana gelen goriintiiyii ¢iziniz.
Katlama ¢izgisini matematiksel olarak adlandiriniz.

€) Mendili kdsegeninden katlayip actiginda meydana gelen goriintiiyii ¢iziniz.
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d) Mendili 6nce dikey sonra agmadan tekrar yatay kaylayip agiyor. Meydana
gelen goriintliyii ve katlama ¢izgilerini ¢iziniz.

e) Once dikey sonra yatay katlanan mendili daha sonra kdsegenden katlayip
actyor. Meydana gelen goriintiiyii ve katlama ¢izgilerini ¢iziniz.

f) Bir 6nceki d ve e sorularinda ¢izdiginiz sekiller arasinda bir benzerlik
var m1? Varsa eger nedenini sinifta tartigmiz.

195



4. VE 5. AKTIVITE: CIZGILERDEN KATLAYALIM

Origami : Origami kagit katlama anlamima gelir. Genellikle kare kagit pargalarini
kesmeden ve yapistirict kullanmadan, sadece katlayarak, cesitli canli ve cansiz
figlirler olusturarak yapilir. Dikdortgen kagitlardan, hatta kagit paralardan yapilan
modeller de olduk¢a fazladir. Origamiyi aslinda ¢ogumuz biliyoruz ve yapiyoruz.
Cinki kiigtikliikten beri yaptigimiz kagittan kayiklar ve ugaklar da birer origami

figlirtidiir. Asagida bazi origami figiirleri 6rnek verilmistir.

TILKIYI BULALIM

Yanda origami ile yapilmis bir tilki gdsterilmektedir. Bu
origami figiirii agildiginda kagitta olusan katlama ¢izgileri
asagida gosterildigi gibidir. Cizgilerin renkleri katlama

izlerinin yoniinii belirtmektedir. Yesil izler disar1 bakarken;

Kirmiz1 izler kagidin i¢cine dogru bakmaktadwr. Bu izleri

takip ederek en az sayida katlama ile tilki figiiriinii olusturunuz.
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TAVSANI BULALIM

Yanda origami ile yapilmis bir tavsan
gosterilmektedir. Bu origami figiirii agildiginda
kagitta olusan katlama ¢izgileri asagida
gosterildigi gibidir. Cizgilerin renkleri katlama
izlerinin yoniini belirtmektedir. Yesil izler disar1
bakarken; kmrmizi izler kagidin igine dogru
bakmaktadir. Bu izleri takip ederek en az sayida

katlama ile tavsan figiiriinii olusturunuz.
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6. AKTIVITE: AYSE’NIN MAKASI

Ayse yanda verilen kelebegi kagittan kesip
cikaracaktir. Makas parmaklarina gore kiiciik oldugu

vo ™ T b icin keserken Ayse’nin parmaklari ¢ok acir. Bu aciya
o Nl daha fazla katlanmak istemeyen Ayse, makasi
7 olabildigince az kullanmak ister. Ayse makasi daha az

kullanarak kelebegi kagittan nasil kesip ¢ikarir?

a) Kelebegi kagittan kesip alirken nasil bir strateji izlediniz?

b) Belirlediginiz stratejiyi matematiksel olarak agiklayniz.
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Ayse ayni makasla yanda verilen ¢igcegi kagittan kesip
¢ikarmak isteseydi nasil keserdi?

a) Cigegi kagittan kesip alirken nasil bir strateji izlediniz?

b) Belirlediginiz stratejiyi matematiksel olarak agiklayniz.
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Ayse ayni makasla yanda verilen ¢igcegi kagittan kesip
¢ikarmak isteseydi nasil keserdi?

a) Cigegi kagittan kesip alirken nasil bir strateji izlediniz?

b) Belirlediginiz stratejiyi matematiksel olarak agiklaymiz.
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M4

Ayse ayni1 makasla yukarda verilen ¢cocuklar1 kagittan kesip ¢ikarmak isteseydi nasil
keserdi?

a) Cocuklar1 kagittan kesip alirken nasil bir strateji izlediniz?

b) Belirlediginiz stratejiyi matematiksel olarak agiklaymiz.
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Ayse ayn1 makasla yukarida verilen kalpleri kagittan kesip ¢ikarmak isteseydi nasil
keserdi?

a) Kalpleri kagittan kesip alirken nasil bir strateji izlediniz?

b) Belirlediginiz stratejiyi matematiksel olarak agiklaymiz.
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Appendix G: ETHICAL PERMISSION
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Appendix H: TURKISH SUMMARY

ORIGAMI ETKINLIKLERIYLE ZENGINLESTIRILMIS SORGULAMA
TEMELLI OGRETIMIN ORTAOKUL YEDINCI SINIF OGRENCILERININ
YANSIMA SIMETRiSI KONUSUNDAKI BASARILARI, GEOMETRI DERSINE
YONELIK TUTUMLARI VE GEOMETRIYE YONELIK OZ YETERLIK
ALGILARI UZERINE ETKISININ INCELENMESI

Giris

Geometri; nokta, dogru, diizlem, diizlemsel sekiller ve bunlar arasindaki iligkilerle
birlikte uzunluk, alan, hacim gibi 6l¢iileri konu alan bir matematik dahidir (Baykul,
2000). Sekiller ve 6zellikleri, doniisiimler, konum ve gorsellestirme olmak tizere dort
icerik hedefi iceren geometri (Van de Walle, Karp & Williams, 2013), 6grencilerin
fiziksel gevrelerini sezgisel olarak anlamlandirmalarini ve geometri konularini bu
cergevede degerlendirerek verilen gorev ve etkinliklerin altinda yatan matematigi

kavramsal olarak anlamalarini saglar (Outhred & Mitchelmore, 2001).
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Matematik egitimcilerinin dikkat ¢ektigi konulardan biri de, geometrinin hedef
iceriklerinden biri olan doniisiimler konusudur (Clements & Battista, 1992).
Hollebrands (2003) okullarda geometrik doniigiimlerin &gretilmesinin ii¢ dnemli
nedeni oldugunu belirtmektedir. Doniisiimler, 6grencilerin matematik konularini
anlamlandirmalarmni, bir problem durumu iginde hissettirilen matematik konusunu
fark etmelerini ve etkinlikler esnasinda farkli gosterimler kullanarak {ist diizey
diistinmelerini saglamaktadir. Doniisiim bir seklin pozisyonundaki (sabit hareketler)
ve biyiikliigiindeki (sabit olmayan hareketler) degisimlerdir (Van de Walle, Karp &
Williams, 2013). Sabit hareketler, 6teleme veya kaydirma, yansima veya cevirme Ve
donme veya dondiirme olmak {izere iige ayrilirken, sabit olmayan hareketler

genisletme veya biiziistiirme olarak smiflandirilmistir.

Bunlara ek olarak, simetri konusu da doniisiim geometrisinin i¢ine dahil edilmektedir.
Bazilar1 simetriyi, dogruya gore simetri yani yansima hareketi ile agiklarken (MEB,
1998; Weyl, 1952); bazilar1 da simetriyi sekillerin ozelliklerini degistirmeyen
dontistim hareketi olarak tanimlar (Leikin, Berman & Zaslavsky, 1997; MEB, 2005).
Daha acik bir ifadeyle, bu tanimlamalar 151g81inda simetri, 6teleme simetrisi, yansima
simetrisi ve donme simetrisi doniisimlerini kapsayan sabit hareketleri ifade

etmektedir.

Ilgili yaym ve arastrmalar incelendiginde, ilkokul ve ortaokul 6grencilerin simetri
konusunu anlamakta zorlandiklar1 ve kavram yanilgilar1 yasadiklar1 rapor edilmistir
(Bell, 1993; Edwards & Zazkis, 1993; Hoyles & Healy, 1997; Kose, 2012;
Kiichemann, 1993; Soon, 1989; Xistouri, 2007; Yanik & Flores, 2009; Zaslavsky,
1994; Zembat, 2007). Ulusal ortaokul matematik dersi egitim programu dikkate
alindigmmda, bu sorunlarin {stesinden gelebilmek icin, geleneksel Ogretim
yaklagimindan 6te 6grencilerin arastirabilecekleri, iletisim kurabilecekleri ve simetri
konusunu  kavramsallagtirabilecekleri somut materyallerle zenginlestirilmis
etkinliklerle 6gretime odaklanildig: goriilmiistiir (MEB, 2005). Bu baglamda, etkinlik

gelistirme, matematiksel diisiinmeye tesvik etme ve elestirel diisiinmeye imkan
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saglamasi agisindan sorgulama temelli 6gretimin etkili olacagi diistiniilmektedir

(Cobb, Wood, & Yackel, 1990; Glasersfeld, 1984, Jaworski, 1994).

Sorgulama temelli 6gretim yontemi, 6grencilerin arastirmalarina, sorgulamalaria ve
coziimlerini savunmalarma olanak saglayan, Ogrenci merkezli bir 6gretim
yaklagimidir (Artigue & Blomhgj, 2013). Matematik egitiminde sorgulama yaklagimi
ogrencilerin alisik olmadiklar1 rutin olmayan problemler {izerinde ¢aligmalarmi, bu
problemler lizerinde matematiksel agiklamalar yapmalarini ve simifta yaratilan
tartigma ortaminda matematiksel dil kullanarak agiklamalarini savunmalarini
gerektirir (Richards, 1991). Yapilan ¢aligsmalar sorgulama temelli 6gretim yaklasimin
ogrenci basarisini, (Kirschner vd. 2006), derse karsi tutumu (Reyes, 1984) ve 6z
yeterliligi (Laipply, 2004) olumlu yonde etkiledigini gostermektedir.

Arastirma Sorulan

Bu ¢aligmada ele alinan ii¢ arastirma sorusu asagida verilmistir.

1. Yansima simetrisi basar1 puanlari, geometri tutum puanlar1 ve geometriye
yonelik 6z-yeterlik puanlar1 kontrol edindiginde, origami etkinlikleriyle
zenginlestirilmis sorgulama temelli Ogretimin ortaokul yedinci smif

Ogrencilerinin yansima simetrisi konusundaki bagarilarna bir etkisi var midir?

2. Yansima simetrisi basar1 puanlari, geometri tutum puanlar1 ve geometriye
yonelik 6z-yeterlik puanlar1 kontrol edindiginde, origami etkinlikleriyle
zenginlestirilmis sorgulama temelli Ogretimin ortaokul yedinci smif

ogrencilerinin geometriye yonelik tutumlarina bir etkisi var midir?

3. Yansima simetrisi basar1 puanlari, geometri tutum puanlar1 ve geometriye
yonelik 0z-yeterlik puanlar1 kontrol edindiginde, origami etkinlikleriyle
zenginlestirilmis sorgulama temelli Ogretimin ortaokul yedinci smif

ogrencilerinin geometriye yonelik 6z-yeterlik algilarma bir etkisi var midir?
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Yontem

Cahsma Deseni

Bu c¢alisma nicel arastirma yontemleri kullanilarak gerceklestirilmis olup kontrol
gruplu On test-son test yar1 deneysel arastrma deseni kullanilmistir. Deneysel
arastrma deseninde en az bir bagimsiz degiskenin, bir ya da birden fazla bagimli
degisken iizerindeki etkisi incelenir ve dogru sekilde uygulandiginda arastirma
yontemleri icinde en kesin sonuglarm elde edildigi yontemdir (Fraenkel & Wallen,
2006). Orneklemden elde edilen sonuglar, evrene genellenebilir. Deneysel
yontemlerin 6zelliklerinden bir de katilimcilarin deney ve kontrol gruplarina tarafsiz
olarak atanmasidir. Yalniz bazi durumlarda katilimcilarin gruplara rastgele
dagitilmas1 miimkiin olmamaktadir. Boyle durumlarda yar1 deneysel arastirma deseni
kullanilir (Fraenkel & Wallen, 2006). Bu ¢alismada okul sartlarinda 6grencilerin
kontrol ve deney gruplarma rastgele ayrilmalar1 miimkiin olmadigindan, halihazirda
bulunan iki smiftan birisi deney grubu, digeri kontrol grubu olmak {izere rastgele
belirlenmistir. Deney grubundaki 6grencilere origami etkinlikleriyle zenginlestirilmis
sorgulama temelli 6gretim metodu uygulanirken, kontrol grubunda MEB 7. simif
matematik ders kitabinda bulunan etkinliklerle ders yapilmistir. Sorgulama temelli
Ogretimin 6grencilerin yansima simetrisi basarisi, geometri tutumu ve geometri 6z-
yeterliklerine etkisini degerlendirmek amaciyla 6grencilere deney Oncesinde ve

sonrasinda ilgili testler uygulanmistir.

Katihmecilar

Bu ¢alismada orneklem, uygun Ornekleme yontemi Kkullanarak belirlenmistir.
Boylelikle, ¢aligmanin 6rneklemini, 2015-2016 Ogretim yilinda Ankara ilinin

Altindag ilgesindeki bir ortaokuldaki iki 7. sinif olusturmaktadir. Deney grubunda
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23 (16 kiz ve 7 erkek) ve kontrol grubunda 25 (14 kiz ve 11 erkek) Ogrenci

bulunmaktadir.

Veri Toplama Araclan

Bu calismada nicel verileri toplamak amaciyla, Yansima Simetrisi Basar1 Testi,

Geometri Tutum Olgegi ve Geometriye Yonelik Oz-yeterlik Olgegi kullanilmustir.

Yansima Simetrisi Basar1 Testi

Bu 06lgek arastirmaci tarafindan Ogrencilerin yansima simetrisi konusundaki
basarilarin1 8lgmek amaciyla hazirlanmistir. Olgegin maddeleri hazirlanirken MEB
Ortaokul Matematik Dersi Ogretim Programi 7. siif yansima simetrisi konusundaki
kazanimlar g6z oniinde bulundurulmustur. TIMMS (2011) sorularindan, 7.smif SBS
(2009) sorularindan, MEB 7.smmif matematik ders kitabindaki Orneklerden
yararlanilarak hazirlanan 6lgek, 160 6grenciyle yapilan pilot ¢alisma sonucunda
tekrar diizenlenmistir. Bu 6grencileri kagitlarindan rastgele secilen 35 kagit, alaninda
uzman iki kisi tarafindan degerlendirilerek, rubrikten elde edilen sonuglarin

giivenirligi test edilmistir. Cronbach alpha giivenirlik kat sayis1.99 bulunmustur.

Geometri Tutum Olcegi

Ogrencilerin geometriye yonelik tutumlarmi 6lgmek amaciyla Bulut ve digerlerinin
(2002) gelistirmis oldugu 10 olumlu ve 7 olumsuz olmak {izere toplam 17 maddeden
olusan tutum o6lcegi kullanilmistir. Besli Likert tipindeki 6lcekte, her bir madde
sirasiyla “tamamen katiliyorum”, “katiliyorum”, “kararsizim”, “katilmiyorum” ve
“hi¢  katilmiyorum” seklinde goriis bildiren bes secenek dogrultusunda
degerlendirilmektedir. Bu segenekler sirasiyla 5’ten 1’e dogru puanlanarak her bir
katilimer i¢in tutum puani hesaplanmaktadir. Toplam puan 17 ile 85 arasinda

degismektedir. Aragtirmacilar tarafindan yapilan giivenirlik ¢aliymasi sonucunda
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Cronbach Alpha kat sayis1.92 bulunmustur. Ayrica, 6l¢egin hoslanma, yarar ve kaygi

olmak iizere ii¢ boyuttan olustugu belirtilmistir.

Geometriye Yonelik Oz-yeterlik Olcegi

Ogrencilerin geometriye yonelik 6z-yeterlilerini 6lgmek amaciyla Cantiirk-Giinhan
ve Baser’in (2007) gelistirmis oldugu 25 maddeden olusan besli Likert tipindeki 6l¢cek
kullanilmistir.  Olgekteki maddeler “hicbir zaman katilmiyorum”, “ara sira
katiliyorum”, “kararsizim”, “cogu zaman katiliyorum” ve “her zaman katiltyorum”
seklinde derecelendirilmektedir. Her bir madde bu derecelendirme dogrultusunda
sirastyla 1°den 5’e dogru puanlanarak, her bir katilimei igin toplam 6z-yeterlik puani
hesaplanmaktadir. Arastirmacilar yaptiklart giivenirlik ¢alismasi sonucunda
Cronbach Alpha kat sayisini .90 olarak bulmustur. Ayrica, 6l¢egin “6grencinin
geometriye yonelik olumlu 6z-yeterlik inanglar1”, “6grencinin geometri bilgisinin
kullanilmasina yonelik inanglar1” ve “68rencinin geometriye yonelik olumsuz 6z-

yeterlilik inanglar1” olmak iizere li¢ boyuttan olustugu belirtilmistir.

Etkinliklerin Gelistirilmesi

Bu calismada deney grubu o6grencilerine uygulanmak {izere sorgulama temelli
Ogretim 151¢inda origami etkinlikleri olusturulmustur. Tiim etkinlikler arastrmaci
tarafindan gercek yasam durumlarma uyarlanarak hazirlanmistir. Etkinliklerden
bazilar1 (balik, tilki gibi) anonim origami figiirleri lizerine kurulmustur. Bu figiirler
secilirken yansima simetrisi konusuna uygunluklar1 g6z 6niinde bulundurulmustur.
Daha agik bir ifadeyle, bu figiirlerin olusturulmasi esnasinda kagit tizerinde olusan
katlama izleri ve her bir katlama sonrasin kagidin goriintiisii incelenmis ve yansima
simetrisi konusunda Ornek teskil edebilecek olan figiirler belirlenmistir. Ayrica
figlirlerin zorluk dereceleri de goz Onilinde bulundurulan diger bir kriterdir. Cok
sayida ve karmasik katlama gerektiren figiirlerden kaginilmistir. Ciinki, etkinliklerin

cogunlugunda Ogrencilerden katlamalar1 gerektigini ve nasil katlayacaklarini
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kendilerinin bulmas1 beklenmektedir. Yansima simetrisi konusuna en uygun figiirler
belirlendikten sonra, dgrencilerin sorgulama yaklasimi dogrultusunda bu figiirleri
olusturmasini gerektirecek problem durumlar1 yazilmistir. Etkinliklerin, 6grencilerin
kagit katlama ve yansima simetrisi konularin1 iliskilendirmelerine imkan saglamasi

beklenmektedir.

1. Etkinlik: Tereyagli Tost

Bu etkinlik “Diizlemde nokta, dogru parcas: ve diger sekillerin yansima sonucu
olusan goriintiisiinii  olusturur” kazanimi Ttzerine gelistirilmistir. Etkinlikte
ogrencilerden iizerine yag siirlilmiis olan bir dilim ekmegin iizerine kapatilan bagka
bir dilime bulasan yagin yerini bulmalar1 beklenmektedir. Ogrencilerin somut olarak
calisabilmeleri i¢in, tostu temsil eden modeller hazirlanmistir. Boylelikle 6grencilere
katlama yapabilmeleri i¢in imkan saglanmig olacaktir. Etkinlik esnasinda, 6grencilere
dogrudan katlama yapmalar1 sdylenmemelidir. Ogrencilerin katlamaya ihtiyag
duymalar1 ve bu dogrultuda etkinligi tamamlamalar1 beklenmektedir. Ayrica,
katlamanin gerekliligini fark eden Ogrencilerin ¢6ziim stratejilerini matematiksel
olarak gerek¢elendirmeleri beklenmektedir. Genellikle, etkinlikte sorgulama temelli
Ogretimin geregi olarak, Ogrencilerden sorgulamalari, ¢Oziimlerine agiklama
sunmalari, arkadaslarmin  agiklamalar1  dogrultusunda kendi c¢oziimlerini
degerlendirmeleri ve tartisma ortaminda ellerindeki modelleri kullanarak bir
genellemeye ulasmalar1 beklenmektedir. Bu siwrada 6gretmen, gozlemci ve yol
gosterici olarak Ogrencilere gerektigi yerde kendi ¢oziimlerini ve baskalarinin
¢oziimlerini sorgulamalarmi gerektirecek sorular yoneltmelidir. Ornegin, “Neden
katladin?”, “C6zlimiiniin dogu olduguna nasil emin oldun?”, “Katlarken nelere dikkat
ettin”, “Katladigin yeri neye gore belirledin?” gibi sorular 6grencilerin yansima

simetrisinin 6zelliklerini fark etmelerine yardimci olacaktir.

Etkinligin ikinci yarisinda 6grencilere iizerine bal damlatilmig olan yagli ekmegin
tizerine kapatilan diger dilimin nasil gériindiigli sorulmaktadir. Burada, 6grencilerden

yamuk seklindeki yagi yansitmanin yani swra nokta seklindeki bal damlalarmi da
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yansitmalar1 beklenmektedir. Ogrencilerden bu asamada da sorgulama yaklasimini
kullanmalar1 beklenmektedir. Oyle ki, &grenciler sorgulamali, sorulanlar
matematiksel olarak agiklamali, ¢oziimlerine agiklama getirmeli ve matematiksel
olarak desteklemeli, tartisma ortaminda baskalarinin agiklamalar1 dogrultusunda

elestirel diistinerek bir genellemeye varabilmelidirler.

2. Etkinlik: Origami Balik

Bu etkinlikte 6grencilerin kagit katlama etkinliklerine asinalik kazanmalar1 ve her bir
katlamanin arkasinda yatan yansima konusunu fark etmeleri beklenmektedir. Her bir
katlamadan sonra &grencilerden olusan sekilleri incelemeleri istenmelidir. Ornegin
kagit katlanirken olusan iiggenler konusunda tartismalar1 istenilebilir. Uggenlerin
esligi ya da benzerligi konusunda tartigmalari, onlarin tiggenler arasindaki iliskiyi fark
etmelerini saglayabilir. Ogrencilerden, iicgenlerin es olup olmamas1 konusunda fikir
ayriligma sebep olan konum ve dogrultularmi yorumlamalar1 beklenmektedir.
Boylece, ticgenlerin birbirlerinin yansimasi olduklarini fark edebilirler. Daha 6nceki
yillarda yansimay1 6grenmis olan 6grencilerin, ticgenler arasindaki iligkiyi yansima
simetrisi ile agiklamalar1 beklenmektedir. Bu iliskiye nasil karar verdikleri sorularak
Ogrencilerin tartismasi1 ve sekiller iizerindeki katlama izlerini yorumlamalar1 ve

matematiksel olarak adlandirmalar1 beklenmektedir.

3. Etkinlik: Boyali Mendil

Bu etkinlik “Yansimada sekil ile goriintiisii lizerinde birbirlerine karsilik gelen
noktalarin simetri dogrusuna olan uzakliklarmin esit oldugunu kesfeder” kazanimi
dogrultusunda hazirlanmistir. Etkinlikte, {izerine boya damlatilan bir mendilin ¢esitli
katlamalar sonucunda nasil gériindiigiine dair sorular sorulmaktadir. Ogrencilerin bu
katlamalar sonucunda boyanin nereye bulastigini kesfetmeleri beklenmektedir.
Ayrica mendil sadece yatay ve dikey katlanmamakta, kosegenden ¢apraz olarak da
katlanmaktadir. Boylece 6grencilerden etkinligin basinda egik simetri dogrusuna gore

yansitma yapmalar1 beklenmektedir. Bu ilk asamalar1 takip eden diger asamalarda
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ogrencilerin birden fazla katlama sonucunda lekenin yerini bulmalar1 beklenmektedir.
Her bir asamanin sonunda 6grencilerin agiklamalarda bulunmalari, matematiksel
olarak ¢ozlimlerini desteklemeleri ve kendi matematiksel bilgilerini kendilerinin elde
etmeleri beklenmektedir. Bu etkinligin en dikkat ¢eken asamalarindan biri de
ogrencilerin farkli cevaplar bulabilecek olmasi ve tartisma ortamina elverisli
olmasidir. Bu farkliligin nedeninin ¢apraz katlamanm yonii oldugunu fark etmeleri
beklenen Ogrencilerin, bu durumu simetri dogrusunun konumu ile agiklamalari
hedeflenmektedir. Sonug¢ olarak, dgrenciler sorgulama temelli 6grenmenin geregi
olarak her asamada ac¢iklamalarint sunmali, yanitlari1 matematiksel olarak

desteklemeli ve diger agiklamalar dogrultusunda degerlendirme yapmalidirlar.

4. Etkinlik: Tilkiyi Bulalim ve Tavsani Bulalim

Bu etkinlikler “Yansimada sekil ile goriintiisii {izerinde birbirlerine karsilik gelen
noktalarin simetri dogrusuna olan uzakliklarmm esit oldugunu kesfeder, simetri
dogrularinin iizerinde olan sekillerle de calismalar yapilir” kazanimi dogrultusunda
hazirlanmistir. Bu iki etkinlikte, 6grencilerden {iizerinde katlamalarin yapilacak
oldugu ¢izgiler gosterilmis olan modelleri katlayarak tilkiyi olusturmalari
beklenmektedir. Tepe ve vadi katlamalar1 6grencilere aciklanarak, bunlarin farkl
renklerde verilmis oldugu belirtilmelidir. Burada 6grencilerin kesfetmeleri gereken
tepe ve vadi katlamasi sonucu olusacak olan izlerin birbirlerinin simetrisi oldugudur.
Bunu kesfeden 6grencilerin nedenini agiklamalar1 gerekmektedir. Tiim bu katlama
izlerinin sadece bir katlama izine gore birbirlerinin yansimasi oldugunu gérmelidirler.
Kagidi kdsegeninden katlamak gerektigin gosteren ¢izginin aslinda simetri dogrusunu
temsil ettigini fark etmelidirler. Daha sonra ‘“neden” ve ‘“nasil” sorulariyla
ogrencilerin diisiinmeye ve sorgulamaya yonlendirilmesi gerekir. Burada yapilmasi
gereken genelleme, kagit ikiye katlandiktan sonra yapilacak olan her bir katlamanin
iki tane ize sebep olacagidir. Kagit acildiginda ise bir adet tepe izi olusmus olurken,
buna simetrik olan bir de vadi izi olusur. Bunu kesfeden 6grencilerin sadece tek tip

katlama islemini uygulamasi yeterli olacaktir. Ogrencilerden bu sorgulama temelli
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O0grenme siirecinde uyguladiklari her bir islemi agiklamalar1 ve ¢ozlimlerinin altinda

yatan gerekceleri savunmalar1 beklenmektedir.

5. Etkinlik: Ayse 'nin Makas:

Bu etkinlik, “Diizlemsel bir seklin ardisik yansimalar sonucunda ortaya ¢ikan
goriintiisiinii olusturur” kazanimi dikkate alinarak hazirlanmistir. Bu etkinlik tek bir
durum altinda bes farkli modelden olusmaktadir. Etkinlikte, kiigiik olusundan dolay1
keserken can yakan bir makasi, olabildigince az kullanarak verilen sekilleri kagittan
kesip ¢ikarmalar1 istenmektedir. Burada 6grencilerin verilen sekli cevre cizgileri
dogrultusunda kesip ¢ikarmamalar1 gerekir. Boyle yaptiklarinda ise, “daha az makas
kullanimiyla ayni sekli kesebilir miydiniz?” sorusuyla ¢éziimlerini sorgulamalari
saglanmistir. Bu etkinliklerde 6grencilerden beklenen, verilen seklin aslinda bir birim
seklin ardisik yansimalar1 sonucunda olustugunu kesfetmesidir. Bunu kesfeden
ogrencilerin birim figiire ulasana kadar katlama yapip, daha sonra sadece bu kiiciik
birimi keserek tiim modeli kagittan ¢ikarmalar1 beklenmektedir. Ogrencilere her
seferinde, gercekten en az miktarda kesim yapip yapmadiklari sorulmalar1 ve tartisma
ortami igerisinde c¢Ozlimlerini karsilastiryp simif¢a genel sonuca ulasmalar

beklenmektedir.

Sonug¢ olarak, etkinlikler sorgulama temelli Ogretim stratejileri géz Oniinde
bulundurularak hazirlanmis ve ders plam yapilmistir. Ogrencilere soru
sorabilecekleri, sorgulayabilecekleri, kanit sunabilecekleri, aciklama
gelistirebilecekleri,  elestirel  diisiinebilecekleri,  bagkalarmin  agiklamalar1
dogrultusunda kendi agiklamalarin1 degerlendirebilecekleri ve yeni bilgiye

ulagabilecekleri bir 6gretim ortami sunmak hedeflenmistir.
Verilerin Analizi
Bu calismada nicel analiz yontemleri kullanilarak Yansima Simetrisi Bagar1 Testi,

Geometri Tutum Olgegi ve Geometriye Yonelik Oz-yeterlik Olgegi ile toplanan
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veriler incelenmistir. Hem betimsel hem de ¢ikarimsal istatistik kullanilarak veriler
yorumlanmistir. SPSS programinda yapilan analizler dogrultusunda hem deney hem
de kontrol grubundan elde edilen test sonuclarina ait tanimlayic1 istatistikler yani
ortalama, standart sapmalar1 incelenmistir. Bunun yan1 sira, origami etkinlikleriyle
zenginlestirilmis sorgulama temelli 6gretim metodu ile egitim almis deney grubu
ogrencilerinin ve geleneksel yontemlerle egitim almig kontrol grubu &grencileri
nin - uygu-lama O6ncesi ve sonrasinda, Ontest puanlar1 kontrol altina
alindiginda sontest puanlari arasinda anlamli bir farklilik olup olmadigini test
etmek amaciyla tek faktorlii kovaryans analizine (ANCOVA) basvurulmustur. Daha
acik bir ifadeyle, iki grubun yansima simetrisi basarilari, geometri tutumlar1 ve
geometriye yonelik 6z-yeterlikleri arasinda fark olup olmadigini test etmek amaciyla

her bir degisken icin ANCOVA kullanilmistir.

Sonuclar ve Tartisma

Sorgulama Temelli Ogretim Yonteminin Yansima Simetrisi Basarisina Etkisi

Bu c¢alismada, origami etkinlikleriyle zenginlestirilmis sorgulama temelli 6gretim
metodunun ortaokul 7.smif 6grencilerinin yansima simetrisi konusundaki basarilaria
etkisi olup olmadigi incelenmistir. Sorgulama temelli 6gretimin etkisini test etmek
amaciyla Ogrencilerin yansima simetrisi basar1 testi, geometri tutum Olgegi ve
geometriye yonelik 6z-yeterliklerine ait ontest sonuglarinin kontrol altinda tutuldugu
ANCOVA kullanilmistir. Analiz sonuglari, sorgulama temelli 6gretim yonteminin
Ogrencilerin basarilar1 {lizerinde istatistiksel olarak anlamli bir etkisi oldugunu
gostermistir. Daha agik bir ifadeyle, sorgulama temelli Ogretim yonteminin
kullanildig1 deney grubu ogrencileri, geleneksel ogretim ydnteminin kullanildigi
kontrol grubu 6grencilerine kiyasla Yansima Simetrisi Bagar1 Testinden daha yiiksek

puan almislardir.

Sorgulama temelli 6gretim ile ilgili ¢aligmalarin ¢ogu fen bilimleri, fizik, kimya ve

biyoloji alaninda yapilmistir. Sorgulama yaklasimmin etkilerini test etmek tizerine
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hazirlanan bu deneysel c¢aligmalarda arastirmacilar genellikle laboratuvar
etkinlikleriyle sorgulama ve arastirma yoluna gidilmistir. Bu ¢alismada oldugu gibi
hem Tiirkiye’de yapilan (Tirkmen, 2009; Saglamer-Yazgan, 2013; Tatar, 2006;
Sakar, 2010; Fansa, 2012; Goksu, 2011; Akpulluk¢u, 2013; Sar1 & Bakir-Giiven,
2013; Caligkan, 2008; Celik, 2012; Kula, 2009; Altunsoy; 2008; Sever & Giiven,
2014), hem de diger iilkelerde yapilan ¢alismalar (Ferguson, 2010; Maxwell, Lambeth
& Cox, 2015; Abdi, 2014; Taylor & Bilbrey, 2012; Johnston, 2014; Njoroge,
Changeiywo, & Ndirangu, 2014) sonucunda sorgulama temelli 6gretim yaklagiminin
Ogrenci basarilar1 lizerinde olumlu bir etkisi oldugu goriilmiistiir. Her ne kadar bu
calismalarda kullanilan materyal, strateji, sorgulamanin kullanildig1r ders ve konu
farkli olsa da, sorgulama yaklasimi ve uygulanirken goéz Oniinde bulundurulmasi
gereken stratejiler aynidir. Sonug olarak, yapilan ¢aligmalar dogrultusunda 6grenci
basarilarin1 arttirdigi g6z Oniinde bulundurulan sorgulama temelli Ogretim

yaklagimmin etkili bir 6§retim yontemi oldugu kabul edilmektedir.

Sorgulama temelli yontemin basariyr olumlu yonde etkilemesinin ¢esitli olas1
nedenleri vardir. Bunlarin birisi 6grencilerin ders esnasinda hep aktif durumda
olmalar1 olabilir. Bu durum sorgulama yaklasiminin dogasindan kaynaklanmaktadir.
Ciinkii sorgulama yontemi ogrencilerin gézlem yapma, problem iizerinde ¢alisma,
soru sorma, varsayimlarda bulunma, veri toplama, bulgularini sunma ve onceki
bilgileriyle iliski kurmalarmni gerektirir (Artigue & Blomhoej, 2013). Boylece,
ezberden yapmaktan ziyade, ogretim esnasinda hep aktif olmalar1 6grencilerin
yansima simetrisi konusunu anlamlandirmasma olanak saglamis olabilir (Brown &
Campione, 1986). Buna ek olarak, sorgulama yaklagimmnin gerektirdigi gibi
Ogrencilerden ders esnasinda c¢oziimlerini agiklamalari, matematiksel gerekgelere
dayandirarak desteklemeleri, arkadaslarinin aciklamalart dogrultusunda kendi
cikarimlarmi sorgulamalari, tartigmalart ve genel bir dogruda bulusmalari
beklenmistir. Bundan dolayi, ders esnasinda &grenciler arasi iletisim kagmilmaz
olmustur. Boylece, 6grencilerin aktif olusu, arkadaslari ile iletisimi ve matematiksel
gerekeeler kullanarak tartisma yapabilmeleri onlarin basarilarinda artisa neden olmus
olabilir.
215



Ogrenci basarilarinin artmasmdaki diger bir neden ise origaminin kendisi olabilir.
Origami 6grencilerin bir parca kagit tizerinde somut bir sekilde ¢aligmalara olanak
sagladigindan, Ogrenciler bir ¢ok matematik konusunu origami {izerinde
anlamlandirabilmektedir (Wares, 2016). Piaget (1965)’ e gore, 6grenciler biligsel
olarak yeterince olgunlasmamis oldugundan, dogrudan anlatim ile soyut bilgileri
anlamada zorluk g¢ekerler. Somut materyaller ise Ogrencilerin matematiksel iligki
kurabilmelerine ve kendi biligssel modellerini gelistirmelerine olanak saglar (Ojose &
Sexton, 2009). Bu baglamda kullanima hazir materyal olusundan ve soyut kavramlari
somutlastirarak gorsellestirme becerilerini gelistirdigi i¢in, origami somut materyal
olarak kabul edilebilir (Haga, Fonacier, & lIsoda, 2008). Ornegin, tilki ve tavsan
etkinliginde 6grencilerin ilk katlamanin ardindan yapilacak olan diger katlamalarin
iki farkli kat izine sebep olacagini fark etmeleri i¢in uzamsal olarak diisiinmeleri
gerekmektedir. Yalniz ellerine verilen modellerle ¢alisirken bunu gorsellestirmenin
yan sira somut olarak da deneyerek kesfedebilmislerdir. Bu modeller 6grencilerin
somut olarak yansima simetrisini anlamlandirmalarini sagladigindan, basarilarmin

artmasini saglamis olabilir.

Tim bunlarm yani sira, bu ¢alismaya katilan 7. siif 6grencileri, 2.,3. ve 4. siniflarda
simetriye dair bilgiler 6grenmisleridir. Bu smif seviyelerindeki kazanimlar daha ¢ok
simetriyi aciklama, verilen sekli bir dogruya gore yansitma ve bir seklin simetri
eksenini bulmaya dair islemsel bilgileri igermektedir (MEB, 2009). Bu kazanimlara
iliskin aciklamalar ve 6rnek etkinlikler incelendiginde, simetrinin 6grencilere van
Hiele geometrik diisiinme diizeyine gore gorsellestirme (Diizey 0) seviyesinde
Ogretilmesinin hedeflendigi goriilmektedir. Bu diizeyde dgrenciler sekilleri tanimlar,
karsilastirir ve smiflandirirlar (Van de Walle, Karp & Williams, 2013). Ogrenciler
kendilerine verilen sekilleri inceler ve formel olmayan kendi belirledikleri 6zellikler
dogrultusunda kiyaslar. Bu agiklamalar dogrultusunda, ¢aligmaya katilan 6grencilere
daha once 6gretilen kazanimlarin bu diizeyde oldugu goriilmektedir. Diger taraftan,
7.siif kazanimlarina bakildigimda o6grencilerden yansima simetrisini sekillerin

hareketi agisindan agiklamalari, bu hareketleri yansimanmn 0Ozelliklerini agiga
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cikaracak sekilde gerekgelendirmeleri beklenmektedir (MEB, 2013). Kazanimlara
dair agiklamalar incelendiginde Ogrencilerin van Hiele geometrik diisiinme
diizeylerine gore analiz (Diizey 1) ve informel ¢ikarim (Diizey 2) seviyesine
taginmalarinin hedeflendigi goriilmektedir. Analiz diizeyinde Ogrenciler bir sekli
tanir, 6zelliklerine gore tanimlar, 6rnegin verilen bir kareden ziyade tiim karelerden
genelleme yaparak bahsedebilir. Informel ¢ikarim diizeyinde ise, dgrenciler sekiller
ve sekillerin 6zellikleri arasindaki iliskileri agiklayabilmektedir. “Neden” ve “Eger
sOyleyse” gibi sorularla 6grencilerin “eger-ise” seklinde akil yliriitmesi saglanabilir.
Boylelikle en az sayida dzellik belirterek bir sekli tanimlayabilirler. Ornegin, dort es
kenarin ve en az bir dik ag¢inin bir kare belirttigini ifade edebilirler. Bu durumda,
sorgulama temelli egitim yonteminin kullanildig1 bu ¢aligmada, 7. sinif 6grencilerinin
yansima simetrisi konusunu 6grenmeleri icin gelistirilen etkinlikler basitten zora
dogu hazirlanarak 6grencilerin geometrik diisiinme diizeylerinin artmasi saglanmis
olabilir. Burada basit olarak adlandirilan etkinliklerde 6grencilerin yansimayi fark
etmeleri ve 0zellikleriyle birlikte tanimlamalar1 beklenirken (Diizey 1), biraz daha zor
olarak adlandirilan etkinliklerde Ogrencilerin tartismasi, ¢ikarim yapmalari,
cikarimlarin1 degerlendirmeleri, elestirel diisiinmeleri ve yansimanin daha Once
bilmedikleri 6zelliklerini fark etmeleri (Diizey 2) beklenmektedir. Ornegin, tereyagl
tost etkinliginde 6grencilerden gayri ihtiyari olarak katlama yapmalar1 ve yaptiklari
bu hareket sonucunda katlama ile yansimayi iliskilendirmeleri beklenmistir. Bu
stiregte Ogrencilere, neden ve nasil katladiklarma dair sorulan sorular, 6grencilerin
yansima simetrisinin Ozelliklerini kesfetmeleri ve agiklamalarini desteklemeleri
saglanmistir (Diizey 1). Daha zor olan boyali mendil etkinliginde ise, 6grenciler 6nce
analiz dlizeyinde olan yatay, dikey ve ¢apraz katlamalarin sonucunu
yorumlamislardir. Ardindan, birden fazla katlama sonucunda olusan lekeyi bulmalari
ve bulunan farkli sonug¢larin nedenlerini tartigmalar1 istenmistir. Boylece 6grencilerin
informel c¢ikarim diizeyine c¢ikarilmis oabilecegi diisiiniilmiistiir. Ayni sekilde,
origami tabanli Ogretimin etkileri iizerinde yaptigi ¢aliymada Dagdelen (2012),
origaminin ogrencilerin van Hiele geometrik diisiince diizeylerinde artiga neden

oldugunu gdstermistir. Sonu¢ olarak, bu bilgiler 1s5183iInda mevcut calismada
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Ogrencilerin geometrik diisiince diizeylerinin artmis olabilecegi ve bu artigin

Ogrencilerin basarilarinin artmasini saglamis olabilecegi diistiniilmektedir.

Bunlarin yani sira, sorgulama temelli 6gretim i¢ ice olduklar1 savunulan problem
¢ozme yaklagimi (Artigue & Blomhej, 2013) da bu ¢alismanin bir diger boyutudur.
Ilgili ¢aligmalara bakildiginda problem ¢ézmenin matematik dgretiminde etkili bir
yontem oldugu goriilmektedir (Hammorui, 2003; Ozkaya, 2002; Ubuz, 1991).
Bundan dolay1, mevcut ¢alismada, etkinlikler problem durumlari i¢inde sunulmustur.
Boylece, ogrencilerden dogrudan katlama yapmalarini istemek yerine, onlarin
problemleri ¢ozmek i¢in verilen modelleri katlamaya ihtiya¢ duymalar1 saglanmistir.
Sonug¢ olarak ogrencilere problem iizerinde ¢alisabilecekleri sorgulama temelli
Ogretim ortami saglanmistir. Ayrica, problemler olusturulurken gercek hayat
durumlar1 g6z 6niinde bulundurulmustur. Tandogan ve Akimoglu (2006), 6grencilerin
gergek yasam durumlar1 iizerine kurulmus problemlerin, 6grencilerin daha aktif
olmasini saglayacagini belirtmistir. Bagka bir deyisle, eger d6grencilerin matematik
ogrenmeleri isteniliyorsa, soyut kavramlari gercekci bir yaklagimla anlayabilmeleri
icin gercek hayat durumlariyla zenginlestirilmis problemler iizerinde ¢aligmalarini
faydali olacaktir (Artigue & Blomhgj, 2013). Bu bilgiler 1s181inda, etkinlikler
ogrencilerin daha once karsilagsmis olabilecekleri giinlilk hayat durumlar: {izerine
kurulmustur. Boylece, 6grencilerin her giin karsilastiklar1 ya da farkinda olmadan
yaptiklar1 islerde yansimayir fark etmeleri ve bu etkinlikleri tamamlarken
matematiksel kavramlar1 anlamalar1 saglanmistir. Bundan dolay1 da, 6grencilerin

basarilarinda artis olmus olabilir.

Sorgulama Temelli Ogretim Yénteminin Geometri Tutumuna Etkisi

Sorgulama temelli 6gretimin Ogrenci basarisma etkisinin yani sira, tutum gibi

duyussal alan davramiglarina da etki etmektedir. Erisilebilir ¢alismalar 1s1ginda,

Ogretimsel stratejilerin Ogrenci egilimleri ve duyussal tepkileri yani tutumlar

tizerinde 6nemli rol oynadig1 goriilmiistiir. Bu agidan, sorgulama temelli 6gretim

yonteminin kimya, biyoloji gibi alanlarda oldugu gibi (Altunsoy, 2008; Sakar, 2010),
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ogrencilerin geometri tutumlarini gelistirmede etkili olabilecegi
diistiniilmiistiir. Sonug¢ olarak, origami etkinlikleriyle zenginlestirilmis sorgulama
temelli Ogretim metodunun ortaokul 7.smif ogrencilerinin geometriye karsi
tutumlarna etkisi olup olmadigi incelenmistir. Yapilan ANCOVA analizi sonucunda,
sorgulama temelli 6gretim yonteminin kullamildig1 deney grubu 6grencilerinin,
geleneksel Ogretim yonteminin kullanildigi kontrol grubu ogrencilerine kiyasla

Geometri Tutum Olgeginden daha yiiksek puan almis olduklar1 gériilmiistiir.

Ilgili ¢alismalarda ve dgretim programlarmda yapilandirmaci ve sorgulama
temelli Ogretimin Onemi vurgulanmasma ragmen, siniflarda hala geleneksel
yaklagimla 6gretim stirmektedir (Dogan, 2006). Bundan dolay1, 6grenciler, 6gretmen
merkezli Ogretim disindaki Ogretim yOntemlerine asina olmayabilir. Mevcut
calismada, 6grenciler bu tarz 6gretim yaklasimlarma agik olmamalarina ragmen
yeniliklere ve farkli yontemlere agik olmalar1 sayesinde planlanan sorgulama temelli
Ogretim yOntemi basar1 ile uygulanmistir. Yapilan c¢alismalarda goniilliiliik,
etkinliklerde isteklilik ve agik olmay1 beraberinde getirdiginden dolay1 (Drijvers et
al., 2013), bu calismada 6grencilerin etkinliklere agik oldugu sdylenebilir. Bu sayede,
planlanan 6gretim yontemi 6grencilerin aktif katilimiyla basar1 ile tamamlanmustir.

Bu durum 6grencilerin geometri tutumlarinda da artisa neden olmus olabilir.

Buna ek olarak, yaraticihik ve akil yliritme de matematik tutumunu arttiran
etkenlerdendir (Putney & Cass, 1998). Ayrica, somut materyaller de geometri
tutumunu artirmada dnemli rol oynamaktadir (Sowell, 1989). Bu etkenler agisindan
bakildiginda, bu 6zellikleri i¢inde barmdiran origami, sorgulama temelli 6gretim
esnasinda materyal olarak kullanilmistir. Origaminin 6grencilerin tutumlari
iizerindeki etkilerini inceleyen ¢alismalar, origami tabanli Ogretimin Ogrenci
tutumlarin artirdigini gostermistir (Cakmak, 2009; Simsek, 2012; Takicak, 2012).
Origami etkinlikleriyle ders islerken, 0grencilerden sorgulama yaklagimi 1s1ginda
yaraticiliklarimi ve akil yliriitmelerini smif tartigmas: esnasinda gostermeleri
beklenmistir. Ornegin, tilki olusturma etkinliginde, 6grenciler ilk basta verilen

cizgilerden rastgele katlamaya baslamis ve hi¢ bir matematiksel yaklagim
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gostermemiglerdir. Yalniz bu figlirii olustururken matematik bilgilerinden
faydalanmalar1 gerektigi sOylenince durup cizgileri incelemeye baslamislardir.
Ogrenciler kendi ¢oziimlerini kendi agiklamalariyla, somut materyal vasitasiyla ve
matematiksel akil yiiriitme ile agiklamiglardir. Kendi tiriinlerini kendileri olusturdugu

ve yaratiliklarini sergiledikleri i¢in, geometri tutumlarinda artis gézlenmis olabilir.

Bu ¢alismada dikkat ¢eken diger bir nokta ise, 6grencilerin verimli egilime (tavra)
sahip oluslaridir. Verimli egilim (tavir) 68rencilerin bir gdérevi tamamlamaya ve
anlamaya cabalamasi, {lizerinde ugrastiginda basarabilecegine inanmasi anlamina
gelmektedir (Van de Walle, Karp & Williams, 2013). Bu c¢alisma esnasinda dikkat
ceken ise, Ogrencilerin alisik olmadiklar1 bu origami etkinliklerini ¢dzerken
yapabileceklerine inanmalariydi. Yer yer zorlanmalarina ve hata yapmalarina ragmen
ogrencilerin hala hevesli olusu, etkinligi tamamlayan arkadaslarmin yardim
tekliflerini reddedisleri dikkati ¢gekmistir. Herhangi bir destek sunulmaya kalktiginda
ogrenciler “Haywr, sdyleme, ben yapacagim” seklinde bir tutum sergilemislerdir.
Sonug olarak, 6grencilerin verimli egilime (tavra) yani “ben yapabilirim” tutumuna
sahip olduklar1 g6zlenmistir. Onlarm bu egiliminin, geometri tutumlarin artmasinda

etkili olmus olabilir.

Sorgulama Temelli Ogretim Yoénteminin Geometriye Yoénelik Oz-Yeterlige

Etkisi

Tutumun yanmi sira, Ogrencilerin bilissel davranislarindan biri de 06z-yeterlik
algilaridir. Oz-yeterlik &grencilerin verilen bir gorevi yerine getirebilecekleri ve
becerilerine dair inanclarini ifade eder (Bandura, 1997). Bandura (1986) 6z-yeterligi
sabit olmayan, yeni durumlara ve deneyimlere gére degisebilen bir inang olarak
aciklamigtir. Bilis {izerine yapilan arastirmalar, matematik basarisini artirmada 6z-
yeterlik algilarinin 6nemine dikkat ¢ekmektedir. Bu baglamda, yapilan ¢aliymada
sorgulama temelli 6gretim metodunun dgrencilerin 6z-yeterlikleri iizerindeki etkisi
de arastirilmstir. Yapilan ANCOVA analizi sonucunda ise sorgulama temelli 6gretim

yonteminin kullanildig1 deney grubu 6grencilerinin, geleneksel 6gretim yonteminin
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kullanildig1 kontrol grubu dgrencilerine kiyasla Geometriye Yonelik Oz-Yeterlik

Olgeginden daha yiiksek puan almis olduklar1 goriilmiistiir.

Bu calismada oldugu gibi, farkli alanlarda yapilan bir¢ok calismada da, sorgulama
temelli 6gretimin 6z-yeterlik lizerinde olumlu etkilerinin oldugu ortaya koyulmustur
(Usta-Gezer, 2014; Kocagiil, 2013; Ozdilek & Bulunuz, 2009; Laipply, 2004; Roster,
2006; Thrift, 2007; Tuan, Chin, Tsai & Cheng, 2005). Yapilan ¢aligmalar gbz oniine
alimdiginda, 6grencilerin 6z-yeterlik algilarindaki artiga sorgulama temelli 6gretim
esnasinda Ogretmenin  yapmis oldugu rehberligin  etki etmis olabilecegi
vurgulanmistir (Laipply, 2004). Bu ¢alismada da, etkinlikler esnasinda 6gretmen
ogrencilerin sorgulamalarma ve akil yiiriitmelerine olanak saglayacak sorular sorarak
onlar1 ydnlendirmistir. Ogrenciler deneme yanilma yoluyla ¢dziime gitmeye
calistiklarinda ise arastirmaci tarafindan ¢Oziimlerini matematiksel olarak
aciklamalar1 gerektigi vurgulanmistir. Bu tarz sorular ve yonlendirmeler 6grencilerin,
etkinlikten kopmamalarma, matematiksel iletisim kurabilmelerine olanak

sagladigindan 6z-yeterlik algilar1 yiikselmis olabilir.

Bunun yani sira, 6z-yeterlikteki artis, 6z-yeterlik inanglarma etki eden dort faktorden
kaynaklanmis olabilir. {lk faktdr olan ge¢mis deneyimler, 6grencilerin basar1 ya da
basarisizliklarindan  kaynaklanmaktadir Bu c¢alisma esnasinda, Ogrenciler
katlayabildiklerini, kendi iiriinlerini olusturabildiklerini ve matematiksel iliski
kurabildiklerini gdrdiikge 6z-yeterlikleri artmus olabilir. ikinci faktdr olan gozleme
dayali deneyimler sonucunda ise, onlarin arkadaslarini gézlemlemelerini, onlarmn
yapabildiklerini gordiikce kendilerinde de yapma hirs1 bulmalar1 ve bdylece
etkinliklere daha dikkatli ve istekli oluslar1 6z-yeterliklerine etki etmis olabilir.
Uciincii faktdr olan ikna siireci ile, arastrmaci tarafindan 6grencilere destek
olunmasi, onlar1 yapabilecekleri konusunda desteklemeleri ve giidiilemeleri etkili
olmus olabilir. Son olarak ise duyussal siire¢lerden olan korku, heyecan gibi duygular
da oz-yeterligi etkileyebilir. Sinif igerisindeki durumlar1 géz Oniine alindiginda,
ogrencilerin genel olarak hevesli oldugu, derste zevk aldiklar1 gozlemlenmistir. Tim

bu faktorler, 6z-yeterligin artmasinda rol oynamis olabilir.
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Oneriler

Bu calismanin 6rneklemi uygunluguna gore se¢ilmis olup, ayni calisma segkisiz
ornekleme yontemi ile belirlenen katilimcilarla tekrar edilebilir. Boylece calisma
diger orneklemlere ve evrene genellenebilir. Ayrica ¢alismanm Orneklemi devlet
okulundan se¢ilmis oldugundan, bir sonraki calisma 6zel okulda uygulanip sonuglar
karsilagtirilabilir. Bunlarin yani sira o6grencilerin cinsiyetleri, sinif seviyeleri ve

sosyo-ekonomik diizeyleri g6z oniinde bulundurularak karsilastirma yapilabilir.

Baska bir bakis agisiyla ayni ¢alisma, 6grencilerin geometriye yonelik tutumlar1 ve
0z-yeterliklerini daha iyi a¢iklayabilmek i¢in ders esnasinda video goriintli alinmasi,
smifta gozden kagmis olabilecek davranmiglarin gozlemlenebilmesi igin faydali
olabilir. Ayrica yapilacak olan benzer ¢alismalar yar1 yapilandirilmis goriismelerle
desteklenebilir. Video ya da ses kaydi ile 6grencilerden toplanan goriisme sonuglari,
onlarin duyussal davraniglarini yorumlamada daha destekleyici kanitlar sunabilir.
Ayni sekilde, 6z-yeterlige etki eden faktorlere dair sorulabilecek sorular, sorgulama
temelli 6gretim esnasinda 6z-yeterligin artmasina neden olan faktoriin belirlenmesine

yardimci olabilir.
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Appendix I:

TEZ FOTOKOPISI iZIN FORMU

ENSTITU

Fen Bilimleri Enstitusu

Sosyal Bilimler Enstitiisii -

Uygulamali Matematik Enstitiisii

Enformatik Enstittisi

Deniz Bilimleri Enstittusu

YAZARIN

Soyadi : Kandil
Adi : Semanur
Boliimii : [lkdgretim Fen ve Matematik Egitimi

TEZIN ADI: An Investigation Of The Effect Of Inquiry-Based Instruction
Enriched With Origami Activities On The 7" Grade Students’ Reflection
Symmetry Achievement, Attitudes Towards Geometry And Self-Efficacy In
Geometry

TEZIN TURU : Yiiksek Lisans - Doktora

. Tezimin tamamindan kaynak gosterilmek sartiyla fotokopi alinabilir.

. Tezimin i¢indekiler sayfasi, 6zet, indeks sayfalarindan ve/veya bir
boliimiinden kaynak gosterilmek sartiyla fotokopi alinabilir.

. Tezimden bir bir (1) y1l siireyle fotokopi alinamaz. -

TEZIN KUTUPHANEYE TESLIiM TARiHIi:
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