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ABSTRACT

THE EFFECT OF MATHEMATICS INSTRUCTION BASED ON FLOW
THEORY PRINCIPLES ENHANCED WITH REALISTIC MATHEMATICS
EDUCATION ON STUDENTS' ACHIEVEMENT, RETENTION, MOTIVATION
AND FLOW STATE

AY, Yasin
Ph.D., The Department of Educational Sciences, Curriculum and Instruction
Supervisor: Prof. Dr. Meral AKSU

February 2022, 304 pages

The purpose of this study was to investigate the effect of mathematics instruction
designed based on Flow Theory and RME on students’ achievement, retention, flow
state and motivation. The study was conducted in 2017-2018 spring semester for 11
weeks at a state school in izmir. In this study, quasi-experimental research design was
used. After the groups were determined to be equivalent in the pretests, they were
randomly assigned as experimental and control. The experimental group consisted of
37 students, while the control group consisted of 36 students. Additionally, qualitative
data were collected to support the quantitative data. The data were collected through
Mathematics Test, Flow State Scale, Mathematics Motivation Scale, observations,
students’ diaries and interviews. The quantitative data were analyzed through
descriptive statistics, t-tests, mixed ANOVA,; determining alpha-level as .05. The
qualitative data were analyzed through thematic analysis. The results indicated a

significant difference between the mathematics retention scores of experimental and



control groups, in favor of experimental group. There is also significant difference
between posttest flow subdimension scores of experimental and control groups, in
favor of experimental group. Additionally, significant difference was found between
pretest and posttest flow subdimension, and between pretest and posttest boredom
subdimension of experimental group, in favor of posttests. The results indicated that
the mathematics motivation scores taken from posttest compared to pretest by the
experimental group were significantly higher than the scores of the control group. The
opinions of experimental group students about the instruction were investigated and

results were discussed with relevant literature.

Keywords: Flow Theory, Realistic Mathematics Education, Achievement and

Retention, Flow State in Mathematics, Mathematics Motivation



0z

AKIS KURAMI ILKELERINE DAYALI GERCEKCI MATEMATIK EGITiMI
[LE ZENGINLESTIRILMIS MATEMATIK OGRETIMININ OGRENCILERIN
BASARI, KALICILIK, MOTIVASYON VE AKIS DURUMUNA ETKISi

AY, Yasin
Doktora, Egitim Bilimleri, Egitim Programlari ve Ogretim Bliimii
Tez Yoneticisi: Prof. Dr. Meral AKSU

Subat 2022, 304 Sayfa

Bu ¢alismanin amaci, Akis Kurami ve GME’ye gore tasarlanan matematik
ogretiminin, d6grencilerin basari, kalicilik, akis durumu ve motivasyonlar: tizerindeki
etkisini incelemektir. Caligma, 2017-2018 bahar yariyilinda, izmir’de bulunan bir
devlet okulunda 11 hafta siiresince yiiriitiilmistir. Calismada, yar1 deneysel 6n-test
son-test kontrol gruplu arastirma deseni kullanilmistir. Gruplar, ontestler sonucunda
denk olduklar1 belirlenmelerinin ardindan, rastgele bir sekilde deney ve kontrol grubu
olarak atanmigtir. Deney grubunda 37, Kontrol grubunda 36 6grenci yer almaktadir.
Ayrica, ¢alismada nicel verilerin desteklenmesi amaciyla nitel veriler toplanmistir.
Veriler Matematik Testi, Akis Durumu Olgegi, Matematik Motivasyon Olgegi,
gozlemler, dgrenci giinliikleri ve goriismeler kullanilarak toplanmistir. Elde edilen
nicel veriler, alpha diizeyi .05 olarak belirlenerek, betimleyici istatistikler, t-testleri ve
karma ANOVA kullanilarak analiz edilmistir. Nitel veriler ise tematik analiz

kullanilarak analiz edilmistir. Elde edilen bulgulara gore, deney ve kontrol gruplarinin

Vi



matematik kalicilik puanlari arasinda deney grubu lehine anlamli bir fark oldugu
belirlenmistir. Deney ve kontrol gruplariin sontest akis alt-boyutu puanlart arasinda
deney grubu lehine anlamli bir fark vardir. Ayrica, deney grubunun dntest ve sontest
akis alt-boyutu puanlar arasinda, ve oOntest ve sontest sikilma alt-boyutu puanlar
arasinda, sontestler lehine anlamli farklar oldugu belirlenmistir. Deney ve kontrol
gruplarinin sontest matematik motivasyonu puanlari arasinda, deney grubu lehine
anlaml fark oldugu belirlenmistir. Deney grubu o6grencilerinin aldiklar1 6gretimle
ilgili gorisleri detayli olarak incelenmis ve bulgular ilgili alanyazin dogrultusunda

tartisilmagtir.

Anahtar Kelimeler: Akis Kurami, Gergekgi Matematik Egitimi, Basar1 ve Kalicilik,

Matematikte Akis Durumu, Matematik Motivasyonu
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CHAPTER 1

INTRODUCTION

In this chapter, the theoretical background, the purpose and significance of the study,

and the definitions of some important terms were discussed.
1.1 Background of the Study

Mathematics has become one of the disciplines used almost in every aspect of life and
in other disciplines as well. Mathematics has always been perceived as one of the most
important tools for many important skills such as problem solving, making predictions,
analyzing various experiences in daily life, and thinking systematically, especially in
developed countries of contemporary world (Kaygusuz, 2011). Mathematics is not
only a logical thinking system and communication tool, but also a field of knowledge
that allows us to explain the relationships between entities. Therefore, the importance
of mathematics gradually increases, in relation with the changing needs of societies
day by day (Aksu, 1991). Since mathematics skills are indispensable for many
professions, they can be considered as a predictive factor in students' academic and
professional lives (Lee, 2009). In fact, it is asserted that the development level of a
field or science is highly related with the level of attainment using mathematics in that
field or science (Yildirim, 2000). People who have better ability in comprehending
and using mathematics efficiently are likely to have better options in shaping their
future (Ministry of National Education [MoNE], 2007). Since mathematics is highly
regarded at schools, students who are confident and competent in this subject are
considered to have some sort of more intellectual abilities (Grootenboer & Marshman,

2016). As a result, mathematics is recognized as the strongest tool for regulating and



organizing the world, and societies persistently put emphasis on its teaching and

learning processes (Sivact, 2003).

However, mathematics is one of the subjects in which students at various grade levels
have the least achievement (Uredi & Uredi, 2005) and low positive affective attributes
(TEDMEM, 2021; Turner & Meyer, 2009). Several studies investigated the underlying
causes of math failure to shed a light on this issue (Grootenboer & Marshman, 2016).
Some of these studies have revealed that emotional and motivational factors might
play a leading and determining role in achievement. It is stated that the students'
affective characteristics such as liking the lesson, valuing it and self-confidence are
the lowest in mathematics (TEDMEM, 2021), while these affective characteristics
have positive correlations with academic achievement (MoNE, 2017). In addition,
some research has also proved that affective characteristics such as academic
motivation and enjoyment of school learning significantly decreases across childhood
through adolescence, while the motivation towards mathematics reveals the most rigid
decline compared with other subject areas (Daniels, 2010; TEDMEM, 2021; Van
Slooten, 2013). Moreover, individuals’ positive attitudes and dignification towards
mathematics diminish especially in elementary school and high school years
(Wigfield, Byrnes, & Eccles, 2006). Therefore, it could be very essential to benefit
from different approaches that will enable students to love and enjoy mathematics by
reducing these negative feelings and thoughts, make them have fun while doing
mathematics, and also help them to learn mathematics more effectively. At this point,
the Flow Theory put forward by Csikszentmihalyi (1975a) argues that it is possible to
ensure that individuals reach the optimal state of mind, participate in the activity with

great attention and concentration, and enjoy doing the activity.

On the other hand, the purpose of teaching mathematics is to allow learners to cope
with issues which they may encounter in their daily activities (Korkmaz, 2004).
However, learners cannot adequately adopt mathematics to daily life due to its
structure consisting of abstract concepts (Adigiizel, 2013; Albayrak, 2000; Umay,
1996). Understanding mathematical concepts is difficult because concretizing abstract
thinking may facilitate mathematics teaching, but it may lead to divergence from math
(Umay, 1996). As a result of this dilemma, there are important problems encountered

2



in understanding mathematics. In other words, the view widely held by many people
that “mathematics is one of the hardest disciplines both to teach and to learn” has
always been in place (Aksu, 1997, p.375) and the view that mathematics is inaccessible
by many people across many societies is a belief reinforced by the popular media
(Grootenboer & Marshman, 2016). Therefore, RME is an approach that supports
meaningful learning by offering interesting activities to students, enabling students to
create concepts according to the models they have created based on their daily life
problems (Heuvel-Panhuizen, 2003; Treffers, 1991).

When we look at the national and international situation of Turkish students in
mathematics, it is seen that the mathematics achievement is well below the
expectations. For example, MoNE (2018) put the new examination system named as
Central Examination for Secondary Education (CESE) into practice for the first time
in 2018. It is stated that approximately 80-90% of the eighth-grade students have
participated in CESE. Table 1.1 shows the correct answer rates for the subtests in
CESE by years. Accordingly, the mathematics test is the test in which students showed
the lowest achievement and have the most difficulty in consecutive years (MoNE,
2018; 2019a; 2020a; 2021).

Table 1.1

Mean Difficulty Index Results of Subtests in CESE by Years

2018 2019 2020 2021
Sub-tests pj pj pj pPj
Mathematics 0.24 0.25 0.26 0.21
Science 0.44 0.50 0.51 0.40
Turkish 0.62 0.59 0.50 0.47
History 0.73 0.69 0.50 0.52
Religion and Morals 0.84 0.65 0.47 0.64
Foreign Language 0.50 0.46 0.35 0.49




CESE-2018 results indicated that the correct answer rate was the lowest for
mathematics subtest. Moreover, the rate of unanswered questions (left blank) in the
mathematics (43%) was higher than that of other tests (Turkish, History, Religion and
morals, Foreign Language, and Science). As a result, MoNE (2018) decided to extend
the time allocated for the tests in quantitative section (mathematics and science
subtests) from 60 minutes to 80 minutes in the next CESE. Even if extending the time
allocated for quantitative tests slightly decreased the rate of unanswered questions (left

blank) in the math subtest, the results did not change in the following years.

The poor performence of Turkish students in mathematics is also noticeable in
international assessments. The rankings of Turkey in terms of mathematics literacy in
the exams applied around the worldwide such as Program for International Student
Assessment [PISA] and Trends in International Mathematics and Science Study
[TIMSS] have been below expectations. Turkish pupils scored below the averages and
ranked at the bottom of participating countries (MoNE, 2003; 2011; 2014a; 2016;
OECD, 2003; 2006; 2009; 2012; 2015; 2018). Table 1.2 shows the scores and rankings
of Turkey in PISA exams by years.

Table 1.2

Turkey’s Mathematics Literacy Scores in PISA by Years

2003 2006 2009 2012 2015 2018

OECD Mean 500 498 496 494 490 489
General Mean 489 484 465 470 461 459
Turkey’s Mean 423 424 445 448 420 454
Ranking 28 43 41 44 50 42
# of countries 40 57 65 65 72 79

Turkish students took PISA exam firstly in 2003. In that year, Turkey got a mean score
of 423, and ranked 28th out of 40 countries in terms of mathematics literacy (MoNE,
2005; MoNE, 2010b). Similarly, in PISA-2006 exam, Turkey had a mean score of 424,
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and ranked 43rd in mathematics literacy among 57 countries, while it ranked 29th
among 30 OECD countries (MoNE, 2010a). Examining the PISA-2009 exam, Turkey
has increased its mathematics literacy score about 20 points compared to previous
assessments and got a mean score of 445. Even so, Turkey ranked 41st among 65
participating countries, while it ranked 32nd among 33 OECD countries in PISA-2009
(MoNE, 2010b). PISA-2012 results revealed that Turkey got a mean score of 448 and
ranked 44th in mathematics literacy among 65 participating countries, while it ranked
32nd among 34 OECD countries (MoNE, 2015a; OECD, 2014). However, in PISA-
2015, Turkey got a mean score of 420, and ranked 50th in mathematics literacy among
72 participating countries (MoNE, 2016). These scores and rankings were below the
scores received in PISA-2003 results. Finally, Turkey participated in PISA
examination in 2018, and had a mean score of 454 and ranked 42nd in mathematics
literacy among 79 countries, while ranked 33rd among the 37 OECD countries
(MoNE, 2019c; Schleicher, 2019).

Similarly, Turkey’s mathematics achievement scores and rankings in TIMSS
examinations were not satisfactory. As demonstrated in Table 1.3 below, Turkey
participated in TIMSS in the years 1999, 2007, 2011, 2015 and 2019. The results of
TIMSS 1999 revealed that Turkey had a mean score of 429 in mathematics, and ranked
31st among 38 participating countries (MoNE, 2003). According to TIMSS 2007
results, Turkey had a mean score of 432 in mathematics achievement and ranked 29th
among 59 countries participated in the study (MoNE, 2011). In 2011, Turkey
participated in the TIMSS both with fourth and eighth graders. According to TIMSS
2011 results, Turkey had a mean score of 469 in mathematics achievement for the
fourth grade, and it ranked 35th among 50 participating countries; while it got a mean
score 452 and ranked 24th among 42 participating countries for the eighth grade
(MoNE, 2014a). Similarly, Turkey participated in TIMSS 2015 with fourth and eighth-
grade levels. Turkey had a mean score of 483 in mathematics achievement for the
fourth grade and it ranked 36th among 49 participating countries; while for the eighth-
grade level, the mean score of Turkey was 458 and the ranking was 24th among 39
countries (MoNE, 2016). Finally, Turkey participated in TIMSS-2019 with fourth and
eighth grade levels. Turkey had a mean score of 523 in mathematics achievement for

the fourth grade and it ranked 23rd among 58 participating countries; while for the
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eighth-grade level, the mean score of Turkey was 496 and the ranking was 20th among
39 countries (MoNE, 2020b). For the first time in TIMSS-2019, Turkey achieved a
score above the median value at the fourth-grade level in mathematics achievement
(MoNE, 2020b; TEDMEM, 2021).

Table 1.3

Turkey’s Mathematics Achievement Scores in TIMSS by Years

1999 2007 2011 2015 2019
Grade Level 8th 8th 4th  8th  4th  8th  4th  8th
General Mean 487 450 500 500 500 500 500 500
Turkey’s Mean 429 432 469 452 483 458 523 496
Ranking 31 29 35 24 36 24 23 20
# of Countries 38 59 50 42 49 39 58 39

When we look at the research which investigate the interaction between motivation
and academic achievement and which one is a cause or effect on the other,
Csikszentmihalyi and Mei-ha Wong (1991) advocated that although most of the
research on academic performance include cognitive factors rather than personality
and motivational factors, “the problem was not that students could not learn the
material, but not want to learn it” (p. 437). People are not like computers that follow
some logical steps and as long as the necessary software are set up. People think
logically only when they feel like it. Thus, emotional and motivational problems of
students rather than intellectual ones form the basis of their educational failures
(Csikszentmihalyi, 1990b; 2014a). Many theorists emphasize that motivation has
important roles in all learning types, and motivation provides an energy source that
enables behavior to occur (Yaman & Dede, 2007). However, motivation variable was
not emphasized enough in instructional design studies and has become a neglected
subject (Chan & Ahern, 1999; Joo, Oh, & Kim, 2015; Linnenbrink-Garcia, Patall, &

Pekrun, 2016). In many studies on education and instruction, it is emphasized that
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affective features are at least as effective as cognitive features in predicting academic
achievement (Akben-Selguk, 2017; Khodadad & Kaur, 2016; Nasihah & Cahyono,
2017; Schneider & Bos, 1985). Therefore, what educators and instructional designers
should do is to design and implement instruction that will enable the acquisition of

affective characteristics as well as cognitive attainments.

It is inevitable for students to develop negative emotions towards mathematics because
of thoughts that they will have difficulty and cannot achieve in mathematics. The
reason why students fail in math may be that the teaching methods appear to work well
in the lab, while they have unexpected consequences in real life. Although children
may learn a new way of doing math in controlled setting, they may completely ignore
the same material when they are presented in the classroom due to the lack of
motivation (Csikszentmihalyi, 1990b). The studies in the existing literature support
this notion. Mathematics is seen as one of the subjects towards which many children
or adults have anxiety (Turner & Meyer, 2009), it is thought as a boring, unlovable,
abstract, and fearful discipline (Aksu, 1985), and it is associated with other negative

beliefs which were developed during school years (Grootenboer & Marshman, 2016).

Since it is often observed that students perceive mathematics as a difficult lesson, fear
it, and worry that they will fail, researchers make use of various theories to work to
eliminate these negative feelings of students, increase their motivation, and enable
them to learn subjects better. It is known that the first impressions created for
individuals in mathematics have a significant impact on their perspective towards
mathematics in the future (Cakmak, 2005). Hence, it is recommended that teachers
should use activities which attract students’ interest especially beginning from
elementary grades. For example, Daniels (2010) stated that teachers can provide
motivational learning environments in order to help learners be motivated. Similarly,
Gelman and Greeno (1989) found out that students can be taught new mathematics
concepts more easily when they are motivated by their teachers.

There is various research in relevant literature about why and how motivation is
important in education. While some of the studies aimed at determining the effect of a

specific teaching technique that applied for a lesson or subject on students'



achievement and motivation, others aimed at revealing how motivation and academic
achievement relate to each other (Batdi & Semerci, 2016). Niehues, Kisbu-Sakarya
and Selcuk (2020) compared Turkish students’ average scores of motivational beliefs
with OECD average, using PISA-2012 data. Accordingly, the findings indicated that
the mathematics self-efficacy beliefs of Turkish students did not significantly differ
from that of OECD mean, while Turkish students had lower self-concept beliefs and
higher interest in mathematics. In addition, the results obtained from TIMSS-2019
have determined that Turkish students who value mathematics highly achieve the
highest mathematics score, but students who do not value mathematics achieve low in
it. Similarly, when the averages of both Turkish students and all the nations
participating in the exam are investigated, it is revealed that the students who love
mathematics had the highest mathematics success (TEDMEM, 2021).

Recently, some researchers aimed to investigate the use of various motivation theories
in educational environments. For example, it is seen that Flow Theory is employed in
many different fields besides education, such as psychology, sociology, anthropology,
religion, business, sports, tourism, leisure, music, games and entertainment, computers
and technology (Admiraal, Huizenga, Akkerman & Dam, 2011; Altintas, As¢c1 &
Caglar, 2010; Aremu & Adebagbo, 2016; Armstrong, 2008; Karaca, 2018; Li, 2019;
Liu, 2019; Millus, 2020; Montanez, 2011; Neitz & Spickard, 1990; Ozgiris, 2017).
According to Flow Theory, regardless of the wide-ranging participants, activities,
cultures, age or gender, individuals mentioned some common characteristics such as
autotelic experience that increase motivation of individuals to look for new challenges
(Chan & Ahern, 1999; Montanez, 2011). In other words, if any activity proposes the
structure including the conditions “perceived challenges that stretch existing skills,
clear goals, immediate feedback, intense concentration, merging of action and
awareness, loss of self-consciousness, sense of control, distorting sense of time and
intrinsically rewarding experience” (Nakamura & Csikszentmihalyi, 2002, p. 90), then
such activities help to increase the willingness to repeat or continue an ongoing

activity, since the individuals enjoy doing that activity (Chan & Ahern, 1999).

As there is still much to be learned especially in the design of mathematics education,

Norman’s (1993, p.32) question seems to be considerable: “Is there some way of
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achieving this state of flow while learning?”. Hence, investigating how to utilize Flow
Theory in learning and teaching mathematics calls for close examination. Since Flow
Theory is essentially a theory of motivation, there are not enough empirical studies yet
on how to apply it in an instructional design. According to the relevant literature, it
can be inferred that the principles which form the basis of the Realistic Mathematics
Education (RME) approach and the principles of Flow Theory support each other
(Heuvel-Panhuizen, 2000; Jackson & Csikszentmihalyi, 1999; Jackson & Ecklund,
2004; Schweinle, Meyer, & Turner, 2006; Uzel, 2007; Heuvel-Panhuizen & Wijers,
2005). Therefore, an instruction designed based on Flow Theory and enhanced with
Realistic Mathematics Education might be effective on providing students with
enjoyable, engaging and motivating learning environments. In other words, although
Flow Theory has certain principles and elements, a tangible guide is needed for these
principles to be used in an instructional design. Therefore, it may be possible to design
a mathematics instruction that will positively contribute to students' learning both
emotionally and cognitively if the principles of Flow Theory can be integrated with
RME which has supportive characteristics and principles with and emerged as a

specific mathematics education approach.

As RME approach argues, mathematics is a human activity, and people have been
discovering mathematical concepts in line with their own interests, needs and used
them to meet their daily needs (Heuvel-Panhuizen & Drijvers, 2014). Therefore, in
mathematics teaching, it is essential that these concepts be taught by creating learners’
own mathematical models, in accordance with their own prior learning and level of
knowledge, making use of real-life problems which are similar to those in the historical
process (Arseven, 2010). These are compatible with the principle of Flow Theory, that
the activity is suitable for and balance with the perceived abilities of the individual,
and that the level of skill increases as the challenge increases. Accordingly, individuals
have more intrinsic motivation when participating in activities that are suitable for

their own learning pace and ability level (Csikszentmihalyi, 1975b).

While the first studies on Flow Theory were conducted, the researchers carried out the
research based on the intrinsic motivation elements put forward by different
motivation theories. However, among these precursor theories, Callois's (1958)
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approach, which deals with the intrinsic motivational aspects of the game or play, was
more effective in forming the structure of Flow Theory about autotelic activities (as
cited in Csikszentmihalyi, 1975). Accordingly, people have pleasure in play-like
activities which help them test their boundaries, enhance abilities, experience, and
explore new things, have a feeling of discovery and solve the problems (Engeser &
Schiepe-Tiska, 2012). In other words, in educational activities, things that need to be
done to motivate students to learn and to make them enjoy learning are not different
from these aspects that make playing a game attractive, fun, and intrinsically
motivating (Norman, 2003). For this reason, the realistic tasks used in the RME
approach are able to reflect the characteristics of the play-like activities on which Flow
Theory is based and can be effective in providing the learners' intrinsic motivation. In
RME, students are presented with problem situations that they may encounter in real
life. These problems are designed in a way that requires learners to help each other, to
imitate various people and characters (for example to be like a carpenter, a cashier, an
engineer, or ascientist etc.), to role play, to think like those people, and to be physically

active like playing house.

Another common feature of the Flow Theory and the RME approach that supports
each other is that it is important to clearly define the goals to be achieved in both
approaches. In RME, the point to be considered while creating the problem situations
that will enable learners to explore the concepts in a similar way to the historical
process is that the problem situations ensure reaching the predetermined goals in the
most accurate way. For this reason, the objectives of each stage in solving the problem
should be clearly and comprehensibly determined (Heuvel-Panhuizen, 1996). Thus, it
is aimed that students first create their own non-formal models (model of) and then
reach a more abstract and formal mathematical model (model for) based on the non-
formal models (Gravemeijer & Doorman, 1999). Similarly, Flow Theory argues that
activities with clear objectives will be more effective in making individuals experience
the flow state. That's why people are more likely to experience flow when participating
in play-like, spiritual or sports activities which have predetermined goals and rules
(Csikszentmihalyi, 1994).
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Additionally, according to Flow Theory it is crucial that individuals should have access
to clear and immediate feedback during the activity, to check their own development
or progress, and refer to when they get stuck (Reeve, 2009). Therefore, in educational
environments, elements such as interaction and cooperation between students are very
important in order to provide feedback which is conducive to experience flow state
(Sawyer, 2015). Similarly, interaction among students is considered as one of the most
effective factors in increasing motivation in the RME approach (Treffers, 1991; Uyen,
Huu Tong, Phu Loc, & Thanh, 2021).

Chan and Ahern (1999) states that Flow Theory has features to establish the link
between the requirements of instructional and motivational design approaches. For
instance, the researchers advocate that while instructional design benefits more from
behavioral and cognitive psychology, Flow Theory can also expand the motivation
dimension in instructional design by incorporating elements of humanistic
psychology. Flow activities have specific structural properties in common. It is
possible that these properties could be integrated in any situation if it is designed
appropriately (Csikszentmihalyi & Csikszentmihalyi, 1988). In fact, many existing
studies in the literature prove that the facilities of the flow are applied in various fields.
However, there are very few studies on how Flow Theory principles can be applied in
an instructional design which affects the flow state, motivation and academic
achievement in education, and more specifically in mathematics teaching. Although
many of the properties related to flow are important when understanding the concepts
in mathematics as well, only a small number of students are able experience

mathematics in this way (Sedighian, 1998).

Therefore, in the light of these, it is safe to say that there is a need to design and apply
instruction to increase students' knowledge and skills related to motivation and
academic achievement in mathematics, by making use of the experimental studies and
practical usage of RME approach in the designing of instruction especially for the
mathematics, integrating them into the Flow Theory. Thus, the current study was
conducted to experimentally test how the instruction designed based on Flow Theory
principles and RME approach effect students’ motivation, flow state, achievement and

retention in mathematics. From this point of view, it was expected that affective
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characteristics such as mathematics motivation and flow experience, and academic
achievement and retention in mathematics can be enhanced by using the Flow Theory
principles. Moreover, the researcher aimed to determine the opinions of students about

the instruction designed based on Flow Theory principles and RME approach.
1.2. Purpose of the Study

In this study, it was aimed to design and implement mathematics instruction for the
fifth-grade students based on the principles of Flow Theory and enhanced with
Realistic Mathematics Education, and to investigate the effects of this instruction on
students’ achievement, retention, flow state and motivation. Based upon this main

purpose of the study, the following research questions were formulated:

1. s there any significant difference between the Mathematics Achievement and

Retention scores of students in the experimental and control group?

2. s there any significant difference between the Flow State scores of students in
the experimental and control group?

a) Is there any significant difference between the Flow subdimension

scores of students in the experimental and control group?

b) Is there any significant difference between the Boredom
subdimension scores of students in the experimental and control

group?

c) Isthere any significant difference between the Anxiety subdimension

scores of students in the experimental and control group?

3. Is there any significant difference between the Mathematics Motivation scores

of students in the experimental and control group?

4. What are the opinions of experimental group students about the treatment?
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1.3. Significance of the Study

It is expected that this study will make significant contributions to the literature in
many ways. Especially in our country, various studies indicate students’ dislike of
mathematics, low achievement and self-confidence, high anxiety towards mathematics
and varying levels of mathematics hopelessness (Ev, 2003; Giindiiz Cetin &
Saracaloglu, 2021; TEDMEM, 2021). Since students could not comprehend the
abstract concepts, they fear being unsuccessful which in return causes students to
abstain from mathematics lessons (Ates & Bozkurt, 2021; Demirdégen, 2007,
Kennedy, Tips, & Johnson, 2008). Although the importance, benefit and effectiveness
of mathematics are known by people from all strata, there is a widespread
understanding among the learners that mathematics can only be learned by intelligent
or genius people, doing mathematics is a monotonic, boring and useless process. Some
of the most important reasons for such opinions about mathematics are that math
lessons become more abstract after primary school as they become distant from daily
life, intensive and strict characteristics of mathematics curricula, and some negative
behaviors of teachers (Yildirim, 2009).

When we look at international exam results, as well as Turkish students’ poor
performance in mathematics, an existing table appears worse in terms of affective
characteristics. For instance, in PISA-2003 it is reported that more than 25% of Turkish
students have high level of anxiety in mathematics, which brings down their
mathematics performance about one standard deviation or 100 points (MoNE, 2005).
Similarly, PISA-2012 results showed that 65% of Turkish students reported having
skipped classes or days of school and mathematics beliefs were below the OECD mean
(OECD, 2014). Additionally, according to TIMSS 2019 results, the rate of eighth
grade students who are very confident in mathematics was 15%, while the rate of
students who are not confident was 50% (TEDMEM, 2021).

The study conducted by Akben-Selguk (2017) found out that students’ personality and
motivation have significant effect on their mathematics achievement. That is,
individuals who are more open to activities such as problem solving perform

significantly better. In the study of Uredi & Uredi (2005), the results revealed that the
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motivational beliefs and self-regulation strategies significantly predicted the
mathematics achievement. Moreover, students who have more intrinsic motivation
tend to achieve better in mathematics, because of enjoyment and personal interest that
they have in the subject. On the contrary, motivating students extrinsically during
mathematics lesson does not help students achieve more when compared students who
have less extrinsic motivation (Akben-Selguk, 2017).

In order to help students to better understand and achieve in mathematics, teachers
should prepare effective learning environments in which students are intrinsically
motivated towards learning mathematical concepts, engaging tasks and activities.
According to Glasser (1986), students choose to perform and excel in tasks that are
enjoyable for them. In other words, enjoyment and fun are powerful components in
learning in the classroom. Instruction designed based on Flow Theory principles and
RME approach can provide such components as they help students enjoy what they
are doing, put all their effort into it, and the endeavor becomes intrinsically motivating
(Challco, Andrade, Borges, Bittencourt, & Isotani, 2016; Csikszentmihalyi &
Nakamura, 2014). Additionally, applying such instruction provides learners to
participate in appealing tasks which attract their interest, allow them to learn
meaningfully, retain knowledge and be able to relate the concepts with real life
situations (Altun, 2006; Bintas, Altun & Arslan, 2003; Fauzan, 2002; Heuvel-
Panhuizen & Drijvers, 2014)

Previous studies related to flow investigated the relationship between flow state and
experiences in which participants report a balance between challenges and abilities, as
well as other outcome variables asserted in Flow Theory (Ak-Sentiirk, 2010; Alperer,
2005; Baydas, Karakus, Topu, Yilmaz, Oztiirk, & Goktas, 2015; Inal & Cagiltay,
2007; Kirchhoff, 2013; Sillaots, 2014). However, there are very few experimental
studies which investigate the effect of using flow in instruction (Aydin, 2005; Hamari
et al., 2016; Mannell & Bradley, 1986). In fact, there is hardly any study that
investigates the use of Flow Theory in mathematics instruction experimentally (Aremu
& Adebagbo, 2016). On the other hand, it is possible to come across several empirical
research about the use of RME in instruction and examining its effects on various

variables such as achievement, retention, and several affective characteristics
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(Erdogan, 2018; Fauzan, 2002; Forehand, 2014; Laurens, Batlolona, Batlolona, &
Leasa, 2018; Yonucuoglu & Bindak, 2021; Zakaria & Syamaun, 2017). For this
reason, it can be thought that this study might contribute to both the practice and the
literature as it is the first study to examine the effects of two approaches that support

each other theoretically by integrating them into the design of mathematics instruction.

Making use of flow principles includes the state of inner and outer awareness which
increases learners’ resilience, creativity, openness to new ideas, and attentiveness
(Parr, Montgomery, & DeBell, 1998). There are three reasons for selecting Flow
Theory as the main focus for this study. First, the flow experience suggests
considerable aspects for a quality environment for learning such as clearly stated goals,
balance of perceived skills and challenge, immediate feedback, autonomy, and
concentration. Then, the Flow Theory helps us to handle affective facets of the learning
such as boredom, anxiety, apathy and pleasure, which might affect individuals’
learning. Third, flow experiences support individuals to participate in the activities
intrinsically due to their autotelic attributes. That is, if a person enjoys doing
something, he or she most probably will want to come back and do it again. In addition,
the Flow Theory strengthens individuals’ awareness that they have choices related not
only to education, but to their personal lives as well, which allows them to experience
ownership of their lives (Montanez, 2011). When individuals are accountable and
pursue a sense of awareness, they are empowered to commit to certain goals that allow

them to develop further in their interests and skills (Parr et al., 1998).

Additionally, instructional practices of RME emphasize that students who learn
mathematics by starting from real life problems provide meaningful learning by
creating mathematical concepts, making use of models according to their own thinking
skills and background knowledge (Altun, 2006; Erbas, Kertil, Cetinkaya, Cakiroglu,
Alacaci, & Bas, 2014; Treffers, 1991; Yagc1 & Arseven, 2010). In addition, when
RME is applied in instruction, individuals realize the benefit and real-life use of
mathematical concepts (Uzel, 2007). This situation both attracts their attention to
mathematics subjects and enables them to participate in learning activities more
willingly. Since the problem situations used in RME require students to complete some
tasks that include their interests and needs in daily life, to cope with problems and to
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produce solutions by creating their own models, they play a role in meeting the need
to have fun and play-like activities which form the basis of Flow Theory. Therefore,
this study provides helpful results for teachers while preparing and regulating their
lessons in which students enjoy, willingly participate in the learning tasks, value
mathematics, and help them to achieve. It can also provide experts, curriculum
developers, and other stakeholders who design curricula for mathematics courses with
a beneficial system for designing their criteria in selecting, assessing, and fine-tuning
assignments. Thus, results from this study may be used in enabling learners to change
their attitudes towards mathematics and activities used in mathematics teaching.
Finally, in this study, an adaptation study was carried out to determine whether Flow
State Scale developed by Eryillmaz and Mammadov (2016a) is suitable for fifth grade
students and a mathematics test was developed by the researcher in accordance with
the test development stages, which might be considered as other contributions to the

literature.
1.4 Definition of the Terms

Mathematics Motivation: “The psychological mechanism determining the direction,
intensity, and persistence of individuals' activity” (Kanfer, 1994, p. 330) that
individuals have towards doing mathematics, participating mathematics activities,

learning concepts and problem solving processes.

Flow State: “A self-justifying experience which is intrinsically rewarding and leads
the individual to seek replicate flow experiences that introduces a selective mechanism
into psychological functioning that fosters growth” (Nakamura & Csikszentmihalyi,

2014, p. 244-250).

Flow: “The subjective buoyancy of experience when skillful and successful action

seems effortless, even when a great deal of physical or mental energy is exerted”

(Shernoff & Csikszentmihalyi, 2009, p. 132).

Anxiety: “The resulting stress experienced when a person believes that his action

opportunities are too demanding for his capabilities” (Csikszentmihalyi, 1975a, p. 49).
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Boredom: “The state of feeling results when skills are greater than opportunities for
using them” (Csikszentmihalyi, 1975a, p. 49).
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CHAPTER 2

LITERATURE REVIEW

In this chapter, a review of the literature on motivation, Flow Theory, Realistic
Mathematics Education, and their importance in education and mathematics teaching
was discussed. The background of Flow Theory, basic principles, definitions, areas of
use, and examples of educational applications was included. In addition, motivation
theories, types of motivation, which are mostly used in education will be presented in
this section. Related research studies about Flow Theory and motivation was also

included in this chapter.
2.1. Motivation

The current theory and research about motivation field have been shaped by important
trends especially in the last century. These trends have shifted from theoretical
perspectives of “unconscious motives, drives, and rote behaviors to current theories
that consider cognitive, social, and developmental aspects of motivation” (Anderman
& Dawson, 2011, p.222). The motivation of learners to participate in the activities has
been handled by many social-science researchers so far (Keller & Bless, 2008),
although the amount of attention that given to motivation at educational settings fall
behind academic achievement of students (Shernoff & Hoogstra, 2001). However,
there exist strong evidence that low-level student motivation might be responsible for
ill-advised behaviors such as leaving the school, lower participation, getting bad marks
and discipline problems (Yazzie-Mintz, 2010). Therefore, it is crucial for students to
have positive attitudes and thoughts toward learning in order to increase their

achievement (Elma & Biitiin, 2015).
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It has been proven in much educational and psychological research that motivation has
multiple roles for carrying on educational goals (Boekaerts, 2001). In fact, there exist
lots of research that advocate the motivational attributes are affective in predicting
students’ achievement in different subjects (Akbaba, 2006; Akben-Selcuk, 2017;
Khodadad & Kaur, 2016; Nasihah & Cahyono, 2017; Yuan-Bing, 2011) since
motivational approach and studies could be used in instructional designs at every grade
level to enhance achievement of learners (Anderman & Dawson, 2011). Moreover, the
investigations have shown that the amount of variance in achievement that is predicted
by cognitive factors is about 50%. However, this proportion is decreased to about 25%,
if the factors related to motivation are statistically ignored (Schneider & Bos, 1985).

There are different definitions of motivation in many different fields. In general,
motivation is defined as “the psychological mechanism determining the direction,
intensity, and persistence of individuals' activity” (Kanfer, 1994, p.330). It is the
driving power that helps students to achieve, study hard at school and learn (Martin,
2001). If a person does not feel any impulse or inspiration to do something, then he is
said to be unmotivated. On the contrary, when a person is pushed towards a goal, he
is characterized as motivated (Ryan & Deci, 2000). Another definition for motivation
emphasizes all the internal and external conditions that awaking, maintaining, and
controlling the learners’ behaviors (Martin & Briggs, 1986). Motivation also has
effects on students’ enjoyment and interest when they study on various tasks or
subjects (Martin, Marsh, & Debus, 2003). Motivation is a strong determinant on the
students’ problem-solving skills and giving an outstanding performance on their works
(Pressley, El-Dinary, Marks, & Stein, 1992). In a similar way, Reece and Walker
(1997) lay emphasis on motivation in education saying that a student with less ability
but highly motivated can be more successful than the one who is brighter but less

motivated.

According to Csikszentmihalyi (2014a), the reason for failure of children is
motivational, not intellectual. In other words, the problem is that students do not want
to take part in, they do not wish for learning; rather than they do not understand or
cannot cope intellectually with school. The present definitions of motivation have been

formed to emphasize the learners’ cognitions and values about school experiences,
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learning (Eccles, Wigfield, & Schiefele, 1998) and school engagement in terms of
intellectual, behavioral, and affective aspects (Fredricks, Blumenfeld, & Paris, 2004).
School engagement does not mean attending school only or sitting in the classroom
without any profit from learning activities. Cognitive school engagement, for example,
implies the level of intellectual effort which individuals endeavor to accomplish the
challenges, activities or learning goals in the classroom. Investigations prove that
students who have high academically achievement tend to make use of more cognitive
strategies than less-successful ones (Pintrich & De Groot, 1990). Behavioral
engagement, on the other hand, refers to learners’ taking initiative, responsibility,
conforming classroom rules/norms, attending constructively and cooperatively in the
classroom (Buhs & Ladd, 2001; Finn, 1993). Some studies advocate that behavioral
engagement antecedes students’ scholastic success in school (Ladd, Herald-Brown &
Kochel, 2009). Emotional engagement is characterized as attitudes and sentiments of
individuals toward school affairs or context. Emotional engagement has attributes that
highly correlate with both behavioral and cognitive engagement, thus it is hard to
distinguish its predictive contributions to achievement (Ladd, Herald-Brown &
Kochel, 2009).

The motivation that people have not only varies in degree, but also in types as well.
The type refers to the orientation of motivation, which relates to the basic attitudes and
goals that cause the actions (Ryan & Deci, 2000). According to Self-Determination
approach, motivation types differ due to various reasons and goals that lead to action.
However, the most common and basic distinction has been made between the two

types: Intrinsic and extrinsic motivation (Deci & Ryan, 1985).
2.1.1. Intrinsic motivation.

Intrinsic motivation is the type of motivation in which learning needs and feeling of
achievement occur in natural conditions (Ryan & Deci, 2000). Intrinsically motivated
individuals usually find personal interest when they do something. That is, they go on
doing the activity for its own sake, not for a reward offered extrinsically (Deci & Ryan,
1985). Intrinsic motivation helps students to obtain feelings of satisfaction, improved
competence, and self-determination (Akbaba, 2006; Deci & Ryan, 1985). The
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curiosity, the need to know, and the desire to be sufficient and developed are some
examples of intrinsic motivation (Akbaba, 2006).

The research on motivation has demonstrated that intrinsic motivation can be
promoted through both classroom and home environments by promoting learners’
autonomy and competence needs (Ryan & Deci, 2000). If goals help students to attend
more in the enjoyable activities competently, then they can enhance intrinsic
motivation through this competence valuation process (Elliot & Harackiewicz, 1994).
Moreover, giving the opportunity of choice and self-direction has positive effects on
intrinsic motivation (Zuckerman, Porac, Lathin, Smith & Deci, 1987). On the contrary,
when one feels non-autonomy and has incompetency, intrinsic motivation is said to be
declined. Activities which cannot attract individuals’ self-interest or those which do
not have the appeal of originality, challenge and aesthetic value for the learners, should

be investigated on the basis of extrinsic motivation (Ryan & Deci, 2000).
2.1.2. Extrinsic motivation.

Extrinsic motivation includes the effects outside of the individual. For example, if
students are praised and reinforced after they take high grades from the exam, this
motivates the students extrinsically (Akbaba, 2006). In other words, extrinsically
motivated individuals participate in the activities in order to get some external
expectations such as awards, money, prizes, grades etc. or avoid punishment such as
bad marks (Deci & Ryan, 1985). In extrinsic motivation, individuals focus only on
what they will obtain at the end, rather than the pleasure taken from learning new
things (Akbaba, 2006). Extrinsically motivated learners might behave in two ways: In
the first and the more commonly encountered case, they may attend to activities with
feelings such as anger, disinterest and reluctance, as they might be forced to participate
in the action. However, in the second case, the extrinsic goal may become charming

since it is adopted through the sense of demanding (Ryan &Deci, 2000).

Self Determination Theory advocates that extrinsic motivation has different types in
itself, some of which might cause effective states and autonomy. That is, the types of
external motivation from least autonomous to the most are external regulation,
introjection, identification, and integration (Ryan & Deci, 2000). The relationship
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between the two types of motivation has been debatable issue among the researchers.
In classic literature, extrinsic motivation has generally been understood as ineffective
or poor type of motivation, and it is said to be always strictly non-autonomous when
compared with intrinsic motivation (De Charms, 1968). According to Ryan and Deci
(2000), the use of threats, deadlines, directives and competitive pressures have effects
on the reduction of intrinsic motivation. In fact, the concrete rewards, reinforcement
and awards given to individuals in order to enhance their motivation in any kind of
task lead to reduce their intrinsic motivation (Hayamizu, 1997), since those incentives
are perceived as controllers of the behavior. In contrast, there exists another group of
view which advocates that extrinsic motivation does not cause any decrease in the
intrinsic motivation (Cameron, Banko, & Pierce, 2001). However, the activities or
tasks that the learners attend may not always be innately attractive or enjoyable. As a
result, teachers should know how to apply more affective types of extrinsic motivation
in order to provide successful learning environments (Ryan & Deci, 2000). Some of
the researchers argue that both type of motivation should be used appropriately in order

to help students to effort on the activities (Giirdogan, 2012).
2.2. Flow Theory

The concepts of flow or optimal experience were developed by Csikszentmihalyi
(1975a) based on the notion that “intrinsically motivated, or autotelic, activity that
rewarding in and of itself, which is quite apart from its end product or any extrinsic
good that might result from the activity” (Nakamura & Csikszentmihalyi, 2002, p.89).
This approach differs from other motivation theories which look to the past and to the
future for the key to motivation, as it is more interested in what pushes people to
embark or go on a task since they are pleased in its performance at that moment. In
other words, Theory of Flow does not ignore the feelings of individuals while acting,
but other theories of motivation pay no attention to the processes but care about the
outcomes, in order to clarify the justification of the action (Csikszentmihalyi &
Rathunde, 1992). The term of flow has the meaning of an optimal state of mind that
one feels cognitive efficiency, highly motivated and deeply engaged in the experience,

and enjoy what they are doing (Csikszentmihalyi, 1975a).
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Using extrinsic rewards as the only drive to reach the desirable goals had made some
investigators worry, since they might have some unseen dangers on individuals’
behaviors. The more an individual adheres to extrinsic rewards, the less he enjoys in
the work, and the more extrinsic rewards he needs. The only way to break such a
vicious circle is getting people attend in tasks that are more enjoyable by themselves
(Csikszentmihalyi, 1975a). Being inspired from this point of view, Csikszentmihalyi
and colleagues decided to explore activities which include rewards within themselves.
The researchers focused especially on the individuals who participate in activities such
as games and play that might include remarkable intrinsic rewards (Nakamura &
Csikszentmihalyi, 2002). They tried to explore the explicit characteristics of leisure
activities and then apply those characteristics to make enjoyable work environments
which decreases dependence on extrinsic rewards. (Csikszentmihalyi, 1975a). Later,
researchers realized that not only games-like, but also some other activities may have
motivating elements in themselves, and the question “why would people want to
participate in dangerous, time-consuming and difficult activities although there is no
tangible external reward?” puzzled the researchers and forced them to do research
(Csikszentmihalyi & Rathunde, 1992: p. 58). When revealing the concept of flow,
investigations were maintained between early 1980s and late 1990s in different
countries (Csikszentmihalyi and Csikszentmihalyi, 1988; Massimini & Carli, 1988;
Nakamura & Csikszentmihalyi, 2002). During this period, the concept of flow has
been drawn interest of many researchers from formal schooling at all levels to outside
academia such as business, sports and politics (Nakamura & Csikszentmihalyi, 2002).

When investigating the flow concept, the researchers first applied trial interviews with
about sixty individuals from various sports branches including swimmers, climbers,
team players (Csikszentmihalyi, 1990b). Using the data obtained from these
interviews, they prepared a questionnaire and a more structured interview form and
applied these to other respondents who participate in autotelic activities
(Csikszentmihalyi, 1975a). Such activities create order in individuals' minds, have
more chance of being remembered, and they are most likely to be repeated (Sedighian,
1998). These groups of individuals ranging from beginners to professionals include
chess players, composers of modern music, dancers, basketball players, surgeons,

teachers and a number of other respondents were selected in order to understand what
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motivates individuals to participate in activities which are challenging
(Csikszentmihalyi, 1975a).

The results obtained from interviews and questionnaires have put forward that all
individuals attend in autotelic experience. The term “autotelic” is come into existence
by combining the two Greek concepts “auto (Self)”” and “telos (goal)”, which refers to
the activities rewarding in and of itself (Nakamura & Csikszentmihalyi, 2002, p. 89),
and “requires formal and extensive energy output on the part of the actor”
(Csikszentmihalyi, 1975a, p. 10). Interviewees’ expressions revealed that the flow
experiences have some common features and the necessary conditions were
remarkably similar across any type of activity. Although the participants were from
different fields, when expressing their feelings during the autotelic activities, most of
them used similar terms and the word flow as a metaphor in order to describe their
experiences or express how they felt when performing the activity (Csikszentmihalyi
& Rathunde, 1992; Jackson & Csikszentmihalyi, 1999). As a result, Csikszentmihalyi
coined the term flow for the autotelic activities in which individuals intrinsically
rewarded (Montanez, 2011). From then on, Csikszentmihalyi has exhibited the Flow
Theory which is known as the phenomena of human happiness as a product of intrinsic
motivation (Blood, 2006).

Flow research and theory are rooted in the investigations of activities that are called as
intrinsically motivated or autotelic. Flow describes a state of mind which occurs during
the participating in a task that is selected for the own sake of that task and enhances
personal growth through challenges of present abilities of individuals (Turner et al.,
1998). Flow is defined as peak-like experience in which individual has a sense of
involvement and concentration on the moment, while losing the time and
consciousness during the activity (Rathunde & Csikszentmihalyi, 2005b). Flow is
referred to the actions of individuals such as having fun, being satisfied, happy, and
interested in which referred to as optimal experience (Csikszentmihalyi, 1997). In
addition, flow represents a state of concentration which includes being totally absorbed

and involving intensively in the activity (Keller & Bless, 2008).
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The experience of flow does not change in whichever culture, group, sex, age or event
it occurs (Nakamura & Csikszentmihalyi, 2002). Today, workplaces and schools,
where many people spend a great deal of their time as employees or students, assuming
that serious work must be boring and brutal. However, one might have the state of
flow in any activity they attend, even at very low-level entertainment activities
(Csikszentmihalyi, 1975a). Flow activities are not unusual and scarce since on can
observe them in daily-life endeavors as microflow experiences such as driving a car
or washing the dishes (Keller & Bless, 2008). In fact, flow state might be observed in
addictive, antisocial and nonethical experiences such as gambling, video games
addiction, even in crime and warfare (Csikszentmihalyi, 1975a).

Although flow has been investigated in many different fields in everyday life, it is seen
especially important in educational environments as well (Shernoff, Csikszentmihalyi,
Schneider, & Shernoff, 2003), since it is designated as a helpful theory to motive
students’ intrinsically (Csikszentmihalyi, 2000). Flow Theory proposes that intrinsic
motivation elements help individuals to enhance psychological state when they have
total engagement in learning tasks (Csikszentmihalyi, 1975a). Csikszentmihalyi
(1990a) advocates that Flow Theory has the role of guide, wherever there is a need for
the improvement of life. Moreover, the most important usage of flow could be in
schools and on the job, in which individuals stay most and often feel boredom and
anxiety (Csikszentmihalyi & Csikszentmihalyi, 1988). In relevant literature, some
studies have revealed that students experienced more flow during academic activities
such as learning and reading than other activities (Bakker, Golub & Rijavec, 2015).
Hence, Flow Theory can be seen as a guide to reach educational goals, since flow
involves the experiences that is seen as optimal due to high pleasure when one attends,
and giving importance to the motivation of students during teaching is vital due to its
relatedness with many important variables for pupils such as academic achievement
(Csikszentmihalyi, 1990a). In addition to intrinsic motivation, experiences of flow also
have been cited to increase self-esteem and the actual amount of time spent doing

academic work (Hektner & Csikszentmihalyi, 1996).
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2.2.1. The Elements of flow.

As with many other psychological concepts, ignorance of the flow does not mean that
it is not happening, and knowing about it does not guarantee it will happen in its time.
Regardless of this, the more we know about the flow, the more likely we will be able
to get students to experience it (Csikszentmihalyi, Latter, & Duranso, 2017). While
some people can enter into a flow experience by directing their awareness according
to the requirements of the flow, others can experience this through some external signs.
In fact, some activities allow experiencing the flow without any effort, while some
activities (such as games, art and rituals) seem to be specifically designed for people
to experience flow (Csikszentmihalyi, 1975a). Although the activities that provide
flow experience differ from the outside, it has been determined that these activities

have some common features.

Antecedents Components of the Process outcomes
experience
4. Concentration on the
task
1. Balance of 5. Merging of action and - Affective
Challenge-skills awareness - Cognitive
2. Clear goals |$ 6. Sense of control |$ - Physiological
3. Unambiguous 7. Losing self- - Quality of
feedback consciousness performance
8. Distortion of time
9. Autotelic experience

Figure 2.1. Antecedents, components and process outcomes of the flow. Adapted from
“Flow and its affective, cognitive, and performance-related consequences” (p. 68), by
A. LandhéuBer, and J. Keller, 2012. New York, NY: Springer.
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Since the conception of flow in the 1970s, researchers have identified that flow has
nine elements (see Figure 2.1), three of which are antecedents and six of which are the
process outcomes (Csikszentmihalyi et al., 2017). Activities that provide the necessary
antecedents and components are effective in obtaining positive results based on
affective, cognitive, physiological and performance (LandhiuBler & Keller, 2012).
There is a dependence and link between these elements observed in every activity that
provides the flow experience (Csikszentmihalyi, 1975a). Investigators have revealed
that flow exists in a sequential manner. That is, the process starts with the antecedents
which are consistency between perceived skills and challenges, distinct goals and clear
feedback. Process outcomes which are intense concentration, merge of action and
awareness, feeling of control, losing self-consciousness, distortion of time and
autotelism occur only if the three antecedents are actualized (Csikszentmihalyi et al.,
2017). A detailed explanation of these structures of the flow is given in following

sections.
2.2.1.1. Balance of skills and challenges.

The balance between perceived skill and challenges is considered as a distinctly
referred condition of flow, regardless of any kind of demographics (Csikszentmihalyi,
1985; Deci & Ryan, 1985). This assumption is seen fundamental because when a
balance is achieved between perceived skills and possibilities, individuals are more
likely to experience flow (Nakamura & Csikszentmihalyi, 2002; Csikszentmihalyi,
Abuhamdeh, & Nakamura, 2005). In other words, enjoyment from the activity is
experienced only if individuals have the feelings of their available skills and the task
challenges match in the optimal balance (Csikszentmihalyi & Csikszentmihalyi,
1988).

It can be stated that what is called an activity or a task does not have to be active only
in terms of physically movement, and what is called a skill does not have to be in terms
of physical (Csikszentmihalyi, 1990a). The challenges may also differ according to the
goals of each activity. For example, defeating an opponent in tennis requires more
physical skill, while in chess it requires mainly intellectual, for a surgeon the

challenges include restoring the health of patients (Csikszentmihalyi, 1994).
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Enjoyment lies at the area between being bored and anxious where the perceived
opportunities and skills can be precisely balanced (Csikszentmihalyi, 1990a).
According to Nakamura and Csikszentmihalyi (2002), optimal balance occurs in a
flexible manner, which means it is intrinsically fragile, and as the amount of skills or

challenge change in time, the flow state might be broken due to unbalanced (see Figure

2.2).
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@ nuicty
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Figure 2.2. Representation of the challenge-skills balance. Adapted from “Beyond
Boredom and Anxiety ” (p. 49), by M. Csikszentmihalyi, 1975a, San Francisco: Jossey-

Bass Publishers.

As shown in Figure 2.2, if the individuals are presented tasks that are too much above
their skills, then they get into the feeling of anxiety; if the learners are given tasks too
much below their skill, then they feel boredom (Csikszentmihalyi, 1975a). When the
individuals are bored or anxious, they need to change either his level of skill or
challenges related to the activity for getting out of the unbalanced condition and
entering the flow state again (Nakamura & Csikszentmihalyi, 2002). In other words,
these changes in balance between skills and challenges act as feedback to the

environment, thus individuals need to adjust their skill level or challenges of the
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activity to move off the present state and enter the flow state again (Nakamura &
Csikszentmihalyi, 2002; Csikszentmihalyi, Abuhamdeh & Nakamura, 2005). People
who are at the state of anxiety can enter the flow by either reducing challenge or
enhancing abilities. However, when both perceived skill and the challenge level of
individuals are low, these individuals feel more apathetic instead of flow. That is, the
balance between skills and challenge provides flow only when both are above a certain
level (Nakamura & Csikszentmihalyi, 2002; Csikszentmihalyi, 1997). It is important
to clarify that every activity includes opportunity for action, or challenge which
necessitates suitable abilities to carry out. If an individual does not have the right skills,
the task will be meaningless rather than challenging for him/her (Csikszentmihalyi,
1990a).

2.2.1.2. Clear goals.

Another basic element that enables the individual to have a flow experience is the
clarity of the goals (Csikszentmihalyi, 1990a). Flow experiences generally take place
when there are clear goals that individual tries to reach. Most of the games, kinds of
sports and religious ceremonies have well-defined rules and goals (Csikszentmihalyi,
1994). These goals are set before starting an activity in order to make clear that
individuals know what to do in every step of the tasks. Individuals who are aware of
what is expected of them move forward without doubting about their work and actions
(Jackson & Csikszentmihalyi, 1999). When the activity has clearly defined goals
which meet the needs and interests, they are more likely to engage learners (Assor,
Kaplan & Roth, 2002). For example, a tennis player is aware of what to do during the
game. The ultimate goals of the two opponents playing chess are evenly clear: To
checkmate the king of opponent first. However, choosing trivial goals does not provide
enjoyment for the individuals, even if they succeed it. Some may set goals for
themselves that will happen in a long time, such as planting and harvesting the fruits.
Although this situation requires a long patience, there are individuals who experience
great satisfaction when the goal is reached. The goals of some activities cannot be as
clear as those of sports activities like tennis. In some creative activities, for instance,

the artist should be able to realize that after each brush stroke she approaches the
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painting she plans to make, otherwise the individual will not be able to experience the
flow (Csikszentmihalyi, 1990a).

2.2.1.3. Immediate and unambiguous feedback.

Feedback is an important factor that shows how well the above-mentioned goals have
been achieved. What creates the feedback changes considerably according to the types
of activities. However, what makes feedback valuable is not its type, but the symbolic
message it contains (Csikszentmihalyi, 1990a). Individuals need clear evaluations
whether their performance is competent or not (Reeve, 2009). It is stated that learners
might become more concerned and persist in setting goals, if they are provided
immediate feedback by their teachers about performances in activities. In addition,
receiving clear and immediate feedback helps to enhance both intrinsic motivation and
self-efficacy of students (Csikszentmihalyi, 1997). Receiving feedback provides
regulation of the state of consciousness and supports the perception of self
(Csikszentmihalyi, 1990a). However, if the student is given non-constructive
feedback, then his/her motivation diminishes (Csikszentmihalyi, 1997). On the other
hand, where the feedback is elaborate, it can help build a richer pathway network to
reach the desired information (Bangert-Drowns, Kulik, Kulik & Morgan, 1991).
According to Reeve (2009), feedback can come from the task at hand, comparing
individual’s present performance with previous performances, comparing individual’s

present performance with others’ performances, and others’ evaluations.
2.2.1.4. Concentration on the task /Focused attention.

Focusing and concentrating on the activity are important in the existing of flow,
because they help individuals eliminate distracters and irrelevant thoughts
(Csikszentmihalyi, 1990a; Csikszentmihalyi, 1997). Forgetting the ungrateful features
of life and focusing totally on the task protect the individual from unnecessary things
that occupy the mind (Csikszentmihalyi, 1990a). For instance, a dancer explains her
feelings about the concentration she had during dancing performance, saying that “I
have more confidence in myself than at any other time. Maybe an effort to forget my
problems. Dance is like therapy, if I am troubled about something | leave it out the
door as | go in the dance studio” (Csikszentmihalyi, 2014b, p. 140). This condition is
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described in almost similar words in many flow activities. Individuals report that they
forget their problems since the intensity of the experience prevents them from thinking

about the past or the future (Csikszentmihalyi, 1994).

In many flow activities, there are inducements that help individuals concentrate on the
task at hand. These can be competitions (such as sports and games), material earnings
(such as gambling) and physical hazards (such as mountain climbing)
(Csikszentmihalyi, 2014b). The structure of the games may include some motivational
factors that convince the individuals to play the game. All three factors must be
properly integrated into the game and used correctly. Otherwise, these artificial
incentives can easily distract individuals, causing their concentration to be lost and

consequently disrupt the flow (Csikszentmihalyi, 1990a).
2.2.1.5. Merging action and awareness.

One of the most common and distinctive elements of flow is the merge action with the
awareness. When someone is experiencing flow, he can be very cognizant of his
actions, however he cannot reflect on the act of awareness seperately
(Csikszentmihalyi, 1975b). Action and awareness merge only if the learner is
completely concentrated on the activity. Irrelevant stimuli are excluded from
consciousness (Csikszentmihalyi, 2014b). For example, a rock climber is aware of
every step he takes, every move he makes, but he is unaware of that awareness.
Similarly, an expert chess player describes the feelings during the match as following
: “The game is a struggle, and the concentration is like breathing - you never think of
it. The roof could fall in and if it missed you, you would be unaware of it”

(Csikszentmihalyi, 1975b, p. 46).

People feel so absorbed that activity progresses by itself, and they become unaware of
themselves as separate from the activity. It may seem like almost no effort is needed
to maintain the activity, but it is far from being so. The challenge of the activity
requires the individual to make a more outstanding physical effort or mental
concentration (Csikszentmihalyi, 1990a). Moreover, in order for an individual's
actions and awareness to merge in an activity, that activity must be at a feasible level.
Therefore, people experience more flow in games, rituals and dance-type activities
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whose rules are clearly defined and suitable for their abilities (Csikszentmihalyi,
1975b). In daily life, as long as we ask critical questions about the necessity of the
tasks we do or how well we do them, it becomes difficult for us to get into the flow
state, because of the interruption and being less concentrated. However, in moments
of experiencing flow, actions automatically enable us to move forward as if by magic
(Csikszentmihalyi, 1990a).

2.2.1.6. Sense of potential control/autonomy.

It is possible to provide environments in which more flow state is produced by
designating rules and mutual responsibilities with the learners, and offering the
learners opportunities to experience autonomy and self-expression (Whalen, 1997).
However, this possibility only arises when the balance of challenge and skill is
provided (Csikszentmihalyi, 1994). The sense of autonomy and control not only helps
to cope with controlled environments and tasks (Abbott, 2000), but also reduces the
fear of failure. On the contrary, it creates a sense of empowerment in activities
(Jackson and Csikszentmihalyi, 1999). In some situations that do not include flow, it
is very difficult to maintain such a control mechanism over any period of time due to

many imponderables (Csikszentmihalyi, 2014b).

In competitive activities such as basketball, chess, and other games, a sense of control
emerges from one's own actions and skill to beat one's opponent (Csikszentmihalyi,
1975a). The individuals often see it as a victory over their own limitedness, not over
the competitor. However, in some activities, such as dancing, there may not be any
competitors to beat. One of the dancers with whom Csikszentmihalyi (2014b)
interviewed, expressed her feelings as: “If I have enough space, I am in control. I feel
I can radiate an energy into the atmosphere. It’s not always necessary that another
human being be there to catch that energy. | can dance for walls, | can dance for
floors.” (p. 142).

2.2.1.7. Losing self-consciousness.

People in the flow state report that they lose self-consciousness (or loss of ego, self-

forgetfulness, transcendence of individuality), since the delicate balance between
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challenges and skills requires to focus on the activity (Csikszentmihalyi, 1994). The
awareness of the self temporarily disappears in a flow setting, and there is a feeling of
transcending the boundaries of self (Csikszentmihalyi, 2014b; Jackson &
Csikszentmihalyi, 1999). Tasks that make the flow happen (such as playing game,
ritual activities, arts, etc.) often do not need any kind of negotiation. Individuals do not
have to be pushed for using the self to urge on within the activities, since such tasks
are supported by freely accepted rules (Csikszentmihalyi, 1975b). If one is deeply
involved in the task, self-concerns shift away from the focus of attention
(Csikszentmihalyi, 1994).

Forgetting of yourself does not mean that individuals are unaware of their physical
reality during the flow experience. In fact, individuals become more aware of internal
processes, as can be seen in several activities such as yoga and religious rituals. It is
not often that the consciousness of the body or the function of the individual disappears
in the flow, but just self-construction. They learn to intervene in the stimulus and
response environment (Csikszentmihalyi, 1975b). For example, it is reported that the
athletes often become more natural performers, execute instinctively and confidently,

when they are free from self-consciousness (Jackson & Marsh, 1996).
2.2.1.8. Altered sense of time.

In the flow state, individuals feel a confusion of time experience, usually feeling that
time passes faster/slower than usual. In tasks that take a long time, the feeling of rapid
passage of time maintains the person’s concentration and focus for as long as necessary
(Jackson & Csikszentmihalyi, 1999). Although rare, individuals in flow expressed that
time passes very slowly for them in some cases. For example, ballet dancers stated that
they felt as if a difficult rotational movement that actually took place within seconds

was taking longer than minutes (Csikszentmihalyi, 1990a).

The mechanical time division that governs our daily schedules is a barrier to flow
(Csikszentmihalyi, 1994). Many activities that provide flow experience do not have a
time-based situation and such activities have their own cadence (Csikszentmihalyi,
1990a). For example, while students at school start looking into a topic that attracts
their interest such as artistic works or scientific experiments, the bell designates that a
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50-minute period has finished and the next lesson will be skipped. But in the case of
flow, the sense of time becomes a natural feature of the entire human experience,
instead of being an arbitrary constraint, ignoring what one tends to do and the way

they feel regarding it (Csikszentmihalyi, 1994).

However, there are some exceptions which prove the rule. It is known that in some
cases where timing is the most important requirement and challenge, people who
experience flow can almost completely determine the elapsed time rather than feeling
that time is flowing quickly or slowly. For example, it has been determined that a
surgeon, who is very successful in his field and sought after in related surgeries, can
accurately estimate how much time has passed, albeit with a small margin of error. It
was also revealed that people who are interested in running and racing, which are
sports where even very small-time frames are of great importance, have similar skills
(Csikszentmihalyi, 1990a).

2.2.1.9. Autotelic experience.

The last property of the flow state is its autotelic nature (Csikszentmihalyi, 1975),
which means that an activity is not carried out in anticipation of future benefit,
however, just because the action itself is a reward (Csikszentmihalyi, 1990a). Where
most of those aforementioned eight elements are provided in consciousness, the
activities being performed tend to be autotelic (Csikszentmihalyi, 1994). These
dimensions of flow are interrelated and interdependent. As a result, people can
concentrate on their actions and ignore distractions thanks to the flow activity. Since
the flow activities have clear and consistent goals, individuals may temporarily omit
their identities and several concerns. Therefore, it becomes possible for individuals to
gain an intrinsic motivation from their activity, by providing all these conditions
(Csikszentmihalyi, 1975).

According to Nakamura & Csikszentmihalyi (2002) experiencing the activity

motivates individuals intrinsically. In other words, they want to redo an activity,

because it is a great source of pleasure for them (Csikszentmihalyi, 1994). For

instance, an experienced climber expressed the autotelic experience with the following

statements: ““You move up only to keep the flow going. There is no possible reason for
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climbing except the climbing itself; it is a self-communication” (Csikszentmihalyi,
1975, p.47).

Since many of the activities we do in everyday life do not carry a reward in themselves,
autotelic experiences are very different from what we feel about these activities.
Although leisure activities have a relaxing effect for individuals, they are considered
a waste of time as they do not require any skills and do not create new action
opportunities. Therefore, the life can become a series of boring and anxious

experiences for many people. (Csikszentmihalyi, 1990a).
2.2.2. Measurement of flow.

Since flow is a subjective experience, as with many other subjective experiences, it is
very difficult to measure the responses that are effective in maintaining the flow state.
The fact that the field of psychology does not attach sufficient importance to the
measurement of subjective experiences has also been effective in this situation
(Nakamura & Csikszentmihalyi, 2002). Most of the studies related flow focuses on the
basic principles of the theory, such as the optimal balance of challenges and skill
(Alperer, 2005). Conducting interview, subjective measurements and experience
sampling method are the most frequently used self-report tools developed to
investigate this inherently changeable, self-conscious and subjective phenomenon
(Nakamura & Csikszentmihalyi, 2002). First, the flow concept was revealed by the
researchers via qualitative interviews. Interviews have been used for collecting
extensive and in-depth data about the concept (Mosek, 2017). Second, there are some
questionnaires developed by several researchers to measure the flow. For example,
Flow Questionnaire (Csikszentmihalyi & Csikszentmihalyi, 1988) presents
participants with several sections describing their experience with flow asking a)
whether they have had the experience, b) how often, and c) in what activity contexts.
In addition, The Flow Scale (Mayers, 1978) was used to assess the difference between
when measuring the flow dimensions. Some questionnaires were developed for
measuring flow in a specific area. For example, Bakker, et al. (2015) adapted the
WOLF scale, which was originally a scale developed to measure the flow state in the

work settings, to measure the flow experiences in the educational environment.
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According to their study, the adapted scale had a three-factor structure, appropriate

internal consistency reliability and construct validity.

Finally, in the late 1970s, researchers studied on developing The Experience Sampling
Method (ESM) in order to use in studies related to flow. In this method, participants
are given an electronic pager with booklets of questionnaires. Participants receive a
signal from the electronic pager at different times during the day. Immediately after
receiving the signal, they fill out the questionnaire given to them. This questionnaire
includes items measuring perceived difficulty and skill level. The ESM helps
researchers to evaluate the flow between different tasks and situations (Baumann &
Scheffer, 2010). In addition, since the ESM allows participants to respond
spontaneously, it does not force them to remember past experiences (Cavanaugh &
Shernoff, 2014).

2.2.3. Flow models.

The state of flow has been reconsidered by different researchers over time in different
studies, in fact, different conceptual models have emerged, all of which are based on
the idea of the originating theory. As seen in Figure 2.3, it was originally presented
that the flow state is seen in all situations in which the perceived ability and

opportunities are balanced properly.

High

ANXIETY

Challenge

BOREDOM

Low

Low High
Skill

Figure 2.3. Original flow model. Adapted from “Beyond Boredom and Anxiety” (p.

49), by M. Csikszentmihalyi, 1975, San Francisco: Jossey-Bass Publishers.
36



Csikszentmihalyi (1975) described flow operationally in his first model. Accordingly,
individuals would enter the flow state when they participated in activity with challenge
suitable for their skill level. In the new models developed, the researchers aimed to
determine the most appropriate position of the flow state on a two-dimensional table
including some other emotional states with the help of different measurement tools.
(Dos Santos, Bittencourt, Dermeval, Isotani, Marques, & Silveira, 2018). However,
some of the results obtained as a result of subsequent studies by the founder of the
theory, as they contained theoretical inconsistencies, forced the researcher to
reformulate his model (Csikszentmihalyi & Csikszentmihalyi, 1988). In the
reformulated model, the experience of flow could only take place in situations where
high levels of difficulty and skills were balanced, not in all equilibrium situations. The
model was offered as the four-channel model or the quadrant model by the researchers
(see Figure 2.4, below) (Engeser & Rheinberg, 2008).

High
ANXIETY FLOW
)
b
APATHY BOREDOM/
RELAXATION
Low
Low High
Skall

Figure 2.4. Reformulated four-channel model. Reprinted from “Optimal Experience:
Psychological Studies of Flow in Consciousness” (p. 260), by M. Csikszentmihalyi
and I. S. Csikszentmihalyi, 1988, New York: Cambridge University Press.
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Later, some deficiency of the experience sampling method was realized by other
researchers afterwards. It has been determined that the quality of the experience cannot
be optimized if the challenges and skills are simply balanced. Accordingly, Massimini
and Carli (1988) determined that flow state occurs if both challenges and skills match
at higher levels. That is, if skills and challenges match at lower levels, as in much of
TV viewing, the flow does not occur. In the model put forward by Massimini & Carli
(1988), the different combinations among the levels of challenge and skill are
generated through the eight different channels that represent different emotional states.
These eight different situations were depicted visually in eight-channel model (see
Figure 2.5) and defined as: “1) High challenge and moderate skill: arousal, 2) High
challenge and high skill: flow, 3) Moderate challenge and high skill: control, 4) Low
challenge and high skill: boredom, 5) Low challenge and moderate skill: relaxation, 6)
Low challenge and low skill: apathy, 7) Average challenge and low skill: worry, 8)
High challenge and low skill: anxiety”” (Massimini & Carli, 1988, pp. 269-270).
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Figure 2.5. Eight-channel model of flow. Reprinted from “The Systematic Assessment
of Flow in Daily Experience” (p. 270), by F. Massimini & M. Carli, 1988, Cambridge

University Press.
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Later, some other researchers also contributed to the flow models with different
interpretations. Sala (2013), for example, interpreted the flow state by dividing it into
small modules called world (see Figure 2.6) (as cited in Dos Santos et al., 2018). This
model provides a simpler handling of other flow models by placing each of the flow

states in a module.

High Flow

Channel

Anxiety

Boredom

Low

Low | Abilities High

Figure 2.6. The Flow Model of Sala. Reprinted from “Flow Theory to promote
learning in educational systems: Is it really relevant?” by W. O. Dos Santos, 1. I.
Bittencourt, D. Dermeval, S. Isotani, L. B. Marques and I. F. Silveira, 2018, Brazilian

Journal of Computers in Education, 26, p. 33.

Finally, Schell (2014) proposed a model that differs little from the original model of
flow. Accordingly, it is possible for individuals to enter and exit the flow state at each
moment of the activity. Moreover, the level of flow experience can vary for each

individual during the activity (see Figure 2.7 below).
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Figure 2.7. The model of Schell. Reprinted from “Flow Theory to promote learning in
educational systems: Is it really relevant?” by W. O. Dos Santos, I. I. Bittencourt, D.
Dermeval, S. Isotani, L. B. Marques and 1. F. Silveira, 2018, Brazilian Journal of

Computers in Education, 26, p. 33.

2.2.4. Research studies on Flow Theory.

In this section, examples of studies in the literature on Flow Theory will be given.
First, examples from the literature from abroad will be given, then the studies

conducted in Turkey will be presented.
2.2.4.1. Studies conducted abroad.

Chan & Ahern (1999) examined how content, presentation and the interaction of these
two variables affect intrinsic motivation, in a learning activity in which Flow Theory
was adapted. Accordingly, the findings indicated that the content of the activity
affected motivation. In addition, the hypermedia presentation incorporated elements

that motivate students when used only sparingly, often at the beginning of the lesson.

Egbert (2003) examined the relationship between experience of flow and language
learning. The findings revealed that the foreign language classes provide flow
experience. In addition, Flow Theory suggests an interesting and useful framework in

order to conceptualize and evaluate language learning tasks.
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Asakawa (2004) aimed to find answers to two major questions, by using ESM and
collecting data from college students in Japan: First, whether the most fundamental
principle of Flow Theory, that quality of experiences is a function of perceived
opportunity and skill, were feasible to the Japanese sample. Additionally, how the
perceptions of challenge and skill impact the quality of the experience of individuals
with autotelic and non-autotelic characteristics, and how they balance the challenge
and skill while dealing with routine affairs. According to the findings, the matches of
high challenge and skills provided participants flow experience. In addition, it was
determined that autotelic individuals were more successful than non-autotelic

counterparts in providing the challenge-skill balancing.

Johnson (2004) aimed to examine the students studying in a school, which has a
structure based on features such as a student-directed democracy, one-to-one
relationship between learners and teachers, and learner-centered teaching, in the
context of Flow Theory. The questionnaires, interviews and experience sampling
method were conducted to gather data. The results indicated that learners in the spend
more amount of time in learner-centered tasks and reflected higher levels of
participation both in school overall and specifically while lecturing and studying
independently. In addition, associations between autonomy, belongingness and

student engagement were found positive and strong.

Armstrong (2008) investigated group flow in the same eight-grade mathematics
classroom. In the study, videotapes and written transcripts were used in order to carry
out analyses of studying procedures of the groups using Sawyer’s pre-existing
structures required for the presence of group flow, and Davis and Simmt’s conditions
for complex systems. According to results, although both groups have precondition
structures for experiencing group flow, one of the groups could not be decentralized
enough to allow all members to establish a collaborative proximal zone of
development where they can collectively develop their ideas, but the other group could
be decentralized enough which seemed to show the elements of entering the group

flow.
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Engeser and Rheinberg (2008) investigated whether the flow experience really
depends on a balance between skill and challenge. They conducted three different
studies to test this assumption. The results revealed that this assumption was partially
supported, and moderated by the importance of the activity and by the achievement
motive of the subjects. Additionally, in two of the three studies, performance variable

was predicted by flow.

Cooper (2009) aimed to investigate the use of virtual worlds as learning environments
in order to create revealing tasks and to better determine how the virtual worlds and
user achievement and performance in educational settings are related, by examining
in terms of Flow Theory. In the research, a web-based teaching framework was used.
The results demonstrated that individuals’ engagement and success were not positively
correlated, but level of engagement and performance showed a positive correlation.
Examining flow elements, engagement elements of control and distortion of time most
significantly contribute to the performance. In addition, confirmatory factor analysis
revealed that the flow elements clear goals and feedback loaded the highest, which

offers a offering powerful relationships between the two factors.

Admiraal et al. (2011) conducted research to determine how flow concept affects
student participation in the game-based learning process, game performance and
learning. 216 secondary education students (average age thirteen) in Amsterdam
played a game about medieval Amsterdam. According to the results, flow has effects
on participants’ performance, but not on their learning outcome. Distracting events
and engaging in competitive situations among teams were found to have an effect on
students' learning outcomes: Students learned more when they were less distracted and

participated more in group competitions.

In the doctoral dissertation, Bourgeois (2012) aimed to examine the academic
motivation of pupils who learn in private school settings in Germany and the United
States. The study was conducted through the lenses of Self-determination and Flow
Theories. The researcher investigated how extrinsic motivation affects intrinsic
motivation, through the above mentioned two theories. Qualitative data were collected

from academically gifted learners. The results have revealed that the teaching in the
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the United States school provided greater learner autonomy and the feeling of
belonging in the school setting, and more frequent flow state than their German
counterparts. However, the instruction in German school more intrinsic interest and

less competitive focusing in academic tasks than the American students.

Chang, Wu, Weng and Sung (2012) examined how asking problem activities affects
elementary students’ flow experiences and problem solving abilities. The results of the
research showed that the students in the group who took the problem-posing activity

had more flow experience and higher problem-solving ability.

Kiili et al. (2012) investigated the effects of using RealGame, which is a business
simulation game, in an educational environment attended by university students,
within the framework of Flow Theory. According to the results, university students
experienced a high level of flow during the game process. Additionally, high scores
were obtained in the autotelic experience and feedback dimensions while the
dimensions with the highest scores were learner autonomy, clear goals, and the balance

between challenge and skills.

Joo, Lim, Han, Ham and Kang (2013) investigated whether learner control,
competence, and being relatedness predict learning flow, persistence and achievement
in a blended learning environment. It was determined that learner control, competence
and relatedness significantly predicted the learning flow in online and offline activities
applied to a Chinese language learning course in which 102 adults voluntarily
participated. In addition, it was revealed that competence, relatedness and learning
flow significantly predicted success.

Kirchhoff (2013) investigated whether the Japanese students experience flow in an
English reading class, what the flow conditions are, and whether the flow state affects
the time and motivation for reading. The results indicated that students often
experienced the flow condition during reading activities, but there was no correlation

between experiencing more flow state and the time spent on reading.

Esteban-Millat et al. (2014) aimed to establish the role of flow experience in the

behavioral processes of individuals in virtual learning environments. For this purpose,
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they used the flow model in an e-learning environment and examined the effects.
According to the results, altered perception of time and focused attention emerged as
the most obvious direct antecedents of the flow state. The challenge of the learning
environment, on the other hand, emerged as the main indirect requirement for the flow
experience. In addition, it has been determined that flow state is effective in achieving
positive affect (i.e. happiness, satisfaction and cheeriness) and student learning.

Sillaots (2014) conducted a study with students of master and bachelor level, in order
to find out whether gamification could provide learners more appealing in the study of
research methods, and using the game principles help students experience flow state.
The results revealed that flow was experienced extensively, and most of the

participants enjoyed engaging the game-like courses.

Aremu and Adebagbo (2016) examined how game flow experience and using games
affect the mathematics scores of students in Nigeria. The findings demonstrated that
the students who learned through game-flow achieved higher mathematics

achievement than other group.

Hamari et al. (2016) examined the effect of flow elements such as challenge, skill,
engagement and immersion on learning in educational game environments. The results
of the research indicated that both engagement and challenge had positive effects on
learning, while skill and challenge level positively affected engagement and

immersion.

Gardiner (2017) investigated whether there is a link between student engagement and
creativity and how creativity can be taught and supported in the classroom within the
framework of Flow Theory. The researcher asserted that the engagement of the
students could be better ensured by increasing their knowledge and skills in their

creativity processes and playwriting expertise.

Dos Santos et al. (2018) conducted a study to determine how the flow state of the
students was measured during the learning activities. They reviewed the literature to
establish the experimental findings of the use of flow state in computer assisted

learning activities on students' performance. According to the results of the study, 22
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of the 25 studies that made experimental evaluations reported that computerized
instruction, in which the Flow Theory was applied, provided positive results such as
increasing students' learning and greater in-depth reflective process, generating pupils’

satisfaction, and enabling exploratory behavior.

Tan and Sin (2021) conducted a literature review of studies on Flow Theory in music
contexts. They reported that most of the research on flow gathered data through self-
report questionnaires, interviews and observations. The results indicated that group
experience of flow, the relation of flow and several positive outcomes, the reasons for

flow state are some of the topics investigated in studies related to flow literature.
2.2.4.2. Studies conducted in Turkey.

Alperer (2005) investigated how the choices offered to the students affect their
affective engagement. The researcher compared the types of choices for the tasks in
English course that generated by students, assigned by teacher and no-choice. The
participants were 26 university students who attend an English learning course at a
state university in Ankara. According to the results, interactional structure of
collaborative study provided significantly more positive results than activities in which
students study individually and with whole-class. Moreover, the results also revealed
that studying with interaction significantly affected the elements of flow including
autonomy, task appeal and focused attention, but choice significantly affected
autonomy and the attractiveness of the tasks. It was also revealed that the proficiency
in the course and gender of students were not significantly related to affective

engagement in the course.

Aydin (2005), in her dissertation, examined the effect of the stress coping program
prepared based on Flow Theory on the stress coping strategies of 14-17-year-old
adolescents. The researcher conducted an experimental study with pretest-posttest
control group design. The results indicated that the scores of the experimental group
on the strategies of general coping with stress, struggle, personal control, and effective
contact with the environment increased significantly depending on the program

applied compared to the control group. Based on these results, it was concluded that
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the Coping With Stress Group Program based on Flow Theory is an effective program
that can be applied to similar groups.

Inal and Cagiltay (2007) examined the flow state of 33 pupils aged from 7 to 9 in a
game environment. The researchers collected data through interviews and
observations. The results showed that being challenging and complex of the game
affected more the flow state of subjects than feedback element. Additionally, boys had

more flow experiences compared to girls.

Ak Sentiirk (2010) aimed to reveal the level of flow occurred in several types of tasks
in an English speaking course and to examine teachers’ and learners’ views whether
they had a flow state during the speaking courses. 163 university students and eight
teachers were the participnats of this study. Scales, short questionnaires and interviews
were used in order to collect data. The results revealed that flow presents in English
speaking classes, but significant differences were found among the tasks. For example,
the tasks related to classroom discussion provided more flow experience than other
activities. In addition, the results showed that learners were more likely to have flow
state, when the four elements of flow (autonomy, appealing tasks, concentration and
challenges) were included in the activities. Finally, significantly better results were
found in terms of flow experience in the classes where an interactive group study was

conducted.

Kalay (2013) aimed to find out the effects of rhythm-based music education on flow
state, achievement, and attitudes of learners in music course. The study was conducted
with 55 third graders, through pretest posttest control group design. The results
obtained from quantitative data indicated that there was no significant difference
between the flow experience and attitude of experimental and control groups. The
results obtained from diaries of both students and teachers showed that the total
frequency of the expressions showing that students in both groups experienced flow
are very close to each other.

Baydas, Karakus, Topu, Yilmaz, Oztiirk and Géktas (2015) conducted research with
undergraduate students to find out the effect of guidance and experience on the
retention and flow experiences, in a 3D virtual-world instruction environment. The
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results indicated that there was significant difference between the retention scores, in
terms of both guidance of the instructor and experience of the students, and the
interaction of them. In addition, that there was a significant relationship between the

flow and retention of all pupils, except those in the guided group.
2.3. Realistic Mathematics Education (RME)

The questions like how mathematics can be taught best, how we can enhance the
interest towards mathematics and how students learn mathematics in reality have
pushed the researchers to focus on those issues. The answers for such questions
revealed that knowledge cannot be taken passively, on the contrary, knowledge is
formed through the learners’ own activities and effort (Nelissen, 1999). Mathematics
instruction need to be actualized in a learning environment in which pupils actively
engage in the tasks, learning mathematics is pleasurable for the learners, and students
have positive attitudes towards mathematics (Uca & Saracaloglu, 2017). At that point,
RME has been one of the most affective learning theories which increases the students’
attention towards learning mathematics and helps them to learn mathematical concepts
and generalizations meaningfully, since it suggests beginning with the real-life
situations and develops formal mathematical knowledge from students’ own informal
knowledge (Treffers, 1991). RME is a domain-specific mathematics teaching
approach that emerged in Netherland in 1960s and 1970s, developed by Dutch
mathematician and educator Hans Freudenthal and his colleagues (cited in Aydin
Unal, 2008). RME has been successfully used in mathematics education in the
Netherlands for over thirty years (Olkun & Toluk-Ugar, 2014). This approach has been

widely used by many countries around the world (Arseven, 2010).

Mathematics should be in relation with the reality, society and it should be close to the
child. In RME, students learn mathematics through using and developing mathematics
concepts and tools in daily life problems (contextual problems) or experiences
(Heuvel-Panhuizen, 2003). It is aimed that children will be able to construct their own
knowledge, share it with others and use these strategies in other similar situations
(Wubbels, Korthagen, & Broekman, 1997). According to RME, mathematics began
with the real-life problems in history, then the real life was regulated in terms of
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mathematics and human being reached formal mathematics knowledge (Altun, 2008).
Therefore, Freudenthal (2002) criticizes the traditional mathematics education since it
handles the last products of mathematics as the starting point for mathematics
instruction. That is, students should be taught mathematics beginning from the first

problem, not the formulas, rules or other final statements.
2.3.1. Mathematization in RME.

Freudenthal (1983) objects to the idea that mathematics is abstract and formal school
knowledge. He advocates that student should be given the chance to reinvent the
mathematics by observing concrete events around us. Therefore, the instruction should
be placed on facts that are acquaintance for the learners (such as diagrams, models,
number line and classification techniques). The founders of RME and other
researchers named the process of beginning real-life problems and constructing
mathematical knowledge/concepts as mathematization (Altun & Yilmaz, 2008).
Mathematization is the key process of RME due to two reasons (Freudenthal, 1971).
First, mathematization is not for the job of only mathematicians, it is the job of every
human being as well. When mathematization becomes a strategy for students, they
will also look at other situations they face in daily life with a mathematical approach
(Altun, 2008). The second reason is about the idea of reinvention. Formal
mathematical knowledge (definitions, formulas etc.) is reached last, thus in teaching
mathematics this sorting should be preferred (Freudenthal, 1971). Treffers (1987)
expresses the concept of mathematization as horizontal and vertical types, which are

explained in the following parts.

1. Horizontal mathematization. Horizontal mathematization consists of
schematization, formulation or visualization of a problem in different ways. In
other words, it is the transition from the world of life to the world of symbols by
transforming the real-life problems into a mathematical problem, exploring the

relations and rules in several problems.

2. Vertical mathematization. Vertical mathematization consists of reorganizing
mathematical systems, the movements within the world of mathematical symbols.
For instance, reinstalling relations in a formula, proving, using different models in
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mathematics systems, integrating the different models, generalizing, and
formulating an existing mathematical model are the vertical mathematization
activities (De Lange, 1987).

These two mathematization stages are defined by Gravemeijer (1994) as the
reinvention process and represented. Accordingly, in horizontal mathematization, the
student starts with real life problems and then tries to explain the problems by making
use of their own language and symbols. Formulating or visualizing a problem in
different ways, discovering relationships are the processes of turning the real-life
problem into a mathematical problem. In this process, it is possible for each student to
discover a different solution. Vertical mathematization, however, is the achievement
of higher-level mathematics by studying on symbols and reaching formulas by
establishing relationships between concepts (Altun, 2006). This process again starts
with real life problems, but in the long term, students may create certain rules which
could be directly applied to other problems, and they do not necessarily need to
connect with real life to do this (Akyiiz, 2010).

Mathematization of the
real situation and

informal solutions
/ \ /Mathematical expression\
Real life problem ) of the problem
Limitations and benefits Interprete the solution Use of mathematical
of solutions according to the methods
problem situation
\ Solution / Solution in mathematical
\ terms /

%

Apply to problem solving
Arrive at generalizations

_
Mathematical proof

Mathematical concepts and rules

Figure 2.8. Learning Cycle According to Realistic Mathematics Education. Adapted
from “Ilikégretimde Etkinlik Temelli Matematik Ogretimi” (6th ed., p. 21), by S. Olkun

and Z. Toluk Ugar, 2014, Ankara: Egiten Kitap.
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Accordingly, in horizontal mathematization, the student asks for an answer to the
given problem situation and transforms it into mathematical language. After the
problem situation is transformed into mathematical language, the student starts to
produce solutions using mathematical methods related to this mathematical model in
vertical mathematization. This latter process is carried out in mathematics itself. In this
process, while the child learns new mathematical concepts and rules, he applies the

newly learned mathematical knowledge to different problem situations.

De Lange (1996) clarified the process steps, which he defined as conceptual
mathematics. Accordingly, it is very important that real contexts take place in the first
step of learning mathematics. Hence, what is needed in teaching maths could be taking
the real-world concepts, mathematizing, and returning them to use in the real life.
These mathematization methods can be observed in different approaches used in
mathematics education, but RME differentiates itself from other approaches.
According to Treffers (1987), mathematics education is divided into four types in

terms of mathematization criterion, which is demonstrated in Table 2.1 below.

Table 2.1

Types of Mathematics Education

Horizontal Vertical
Mathematization Mathematization
Traditional - -
Empiricist + -
Constructivist - +
Realistic + +

According to traditional approach, mathematics is a discipline made up of rules and
formulas. These rules and formulas are taught to students directly, and students simply
memorize them without knowing what they are or will be used for in real life. Student

activities in this approach are based on an algorithm or a simple memorization. If
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students encounter a problem situation other than what they have memorized, they
hesitate and make mistakes. Horizontal and vertical mathematics are not present in this

approach.

In the empiricist approach, students learn from the environment they live in. Therefore,
there is an informal situation that students have to solve. However, students are not
encouraged to express this informal situation with a formula or model and to make
generalizations. Therefore, only horizontal mathematization is used in this approach
(Arseven, 2010).

In the constructivist approach, games and various activities used in horizontal
mathematization are included. However, these games and activities are created from
imaginary situations that have no place in the real life of the learner. Therefore, only

vertical mathematization is used in this approach (Akyiiz, 2010).

In the realistic approach, the starting point for learning is a real-world situation or life
problem (Arseven, 2010). Students define and organize the problem with horizontal
mathematics, express the relation of the problem with mathematics, then notice the
relationships in this process. Then they develop mathematical concepts using vertical
mathematization. Consequently, both types of mathematics can be used together in
this realistic approach (Akyiiz, 2010; Kurt, 2015; Ozkaya, 2016).

2.3.2. Instructional design principles in RME.

When the literature is investigated, it is seen that principles of Realistic Mathematics
Education were categorized in various ways. In RME, there are three important
elements in order to design an instruction: Guided reinvention, didactical

phenomenology, and emergent modeling (Freudenthal, 1991).
2.3.2.1. Guided reinvention through progressive mathematising.

This principle indicates that learners should be provided opportunities to try the
method or work that is similar with the invention of mathematics, since the real-world
problems was explored intuitively in historical process, through the mathematization
of that problems (De Lange, 1987; Freudenthal, 200; Gravemeijer, 1994). In addition,
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the learning activity should have well-structured contextual problems in order to
provide progress in learning mathematical concepts (Altun, 2008). The informal
knowledge and strategies of the learners could serve to reach more formal knowledge
and results. The problems are defined in a way that allows students to deal with them.
As the learners construct meaningful knowledge to problems own their own, it
becomes easier to make sense of and interpret the solutions (Gravemeijer, 1994).
Students share their informal methods with their friends. During the sharing phase, a
discussion environment should be created in the classroom, conclusions should be
drawn from these discussions, and generalizations should be made. The accuracy of
the results and generalizations should be questioned by the class. Thus, they develop
more abstract mathematical methods (Olkun & Toluk Ugar, 2014).

2.3.2.2. Didactical phenomenology.

In didactical phenomenology, it is important that whether the topics and applications
that are designed to be taught are suitable for mathematization. The job of mathematics
teacher is to find appropriate real-world problems for the horizontal mathematization,
and then to create learning environments that will provide vertical mathematization
(Altun, 2008; Erbas, et al, 2014). However, some educators may misunderstand this
real or realistic problem concepts if they interpret it as referring to a really real objects
or situations in the environment. That is, the word realistic not only refers to the
relation with the real world, but also includes problem situations in pupils’ minds
(Heuvel-Panhuizen, 2000).

This principle provides to determine the map of daily life structures and the
mathematical structures of an issue (Oldham, Valk, Broekman, & Berenson, 1999). In
other words, real world problems serve as stimulant and help the pupils to learn the
concepts through guided reinvention (Altun, 2008). Instead of searching for materials
to concretize the concepts, the teacher should look for the phenomenon that can create
mathematization opportunities. For example, for the addition of 5 and 3, if we ask the
question “how many apples does it make 5 apples and 3 apples?”, then we explicitly
state that this question necessitates an addition operation. However, if we ask the

question like “I have 5 apples, my friend has 3 more than mine, then how many apples
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does he have?”, this problem has more mathematical stimulation and the addition

operation will be felt as a requirement (Uzel, 2007, p. 5).
2.3.2.3. Emergent modeling.

According to this principle, the designer of the instruction should create problem
situations that can serve to discover abstract and formal mathematical concepts. Rather
than using modeling activities alone as a practice problem in different parts of the
course, this approach emphasizes designing appropriate learning environments
selected from real-life situations and presenting them to students' experiences (Erbas
et al., 2014). When they meet a new problem, students may develop a model that is
familiar to them. However, the model gradually will gain independence, after
generalizing and formalizing processes (Erbas et al., 2014). This process is labeled as
a transition from model-of to model-for. After the transition, the model may be used
as a model for mathematical reasoning. The main purpose of using the models should
not be explaining the mathematics from an expert’s perspective, on the contrary,
models should support students in creating mathematical concepts starting from their

point of view (Gravemeijer, 1994).
2.3.3. Basic characteristics of RME.

With the combination of Freudenthal’s (2002) didactic phenomenology and
progressive mathematics of Treffers (1987), the following 5 features of RME emerge.

These features can be summarized as follows:
2.3.3.1. The use of real-life contexts.

Real life problems in RME are designed to support the re-discovery process that allows
students to reach formal mathematical knowledge. Real life problems play a central
role in RME because of their motivating power and the opportunity for students to see
the usefulness of what they have learned (Gravemeijer & Doorman, 1999). Thus, the
instruction should consist of phenomenological exploration (Gravemeijer, 1994).
According to RME approach, the starting point of an instruction is providing situations
which can be experienced and taken part in meaningful mathematical activities by the

students. The starting point should be perceived as if it is real by the pupils (Olkun &
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Toluk Ugar, 2014). Real world problems are used to support reinvention process which
helps students reach formal mathematics knowledge. Such problems play a central role
in RME, because of the opportunity to see the usefulness of the students’ learning and
their motivational power. In traditional approach, problem solving is applied at the last
stage of the instruction in order to apply theoretical knowledge (Gravemeijer &
Doorman, 1999).

2.3.3.2. The use of models.

The process of mathematization includes the use of models such as schemas, tables,
drawings etc. Searching for proper models and working on them is the first step for
formal mathematics and abstraction. Through models, students can learn using
abridgments and schematizations which provide high level formalizations (Nelissen
1999). Similarly, Gravemeijer (1994) supports the idea that visual models, model cases
and schemas that arise from problem solving activities can help students to make
transitions among different stages.

2.3.3.3. Student's free production.

In this principle, students are expected to produce more concrete things. For example,
they might write an article, do an experiment, collect data or develop a test for their
classmates (De Lange, 1995). During mathematics instruction, students should be
given chance to develop their own informal problem solving strategies and increase
their self-confidence (Widjaja & Heck, 2003). Even with the guidance of a teacher, it
is essentially the students themselves who make up the lessons. Free productions in
class help teachers to determine the development and creative thinking skills of
students (Treffers, 1987).

2.3.3.4. Interaction.

In RME, the interactions among learners and between learners and teacher are very
important, since students have the opportunity to express their ideas and learn from
peers’ opinions. Students explain, summarize, share and advocate ideas, ask questions
and reflect their thoughts (Treffers, 1991). However, RME is not against to giving

opportunity to work individually, in order to help pupils to find idiosyncratic solutions
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and to do better mathematics (Cansiz, 2015). The aim of this principle is to draw
attention that whole class activities play important role on doing mathematics.
However, it does not mean that all the students in the class move in simultaneously
and that every student in the class can reach the same level of development. On the
contrary, in RME, each of the students is considered as a separate individual, taking
individual differences into account. This is only possible with the presentation of
problems that students can solve at different levels of thinking (Heuvel-Panhuizen &
Wijers, 2005)

2.3.3.5. Intertwining.

Mathematics is one of the subjects whose topics or stages are interconnected and
cumulative. Therefore, a new topic or stage cannot be taught without the previous
topics are learned. Freudenthal (1973) states that the related topics are learned much
more quickly and are not slipped one’s mind for a long time. This means that the rings
that make up learning are processed together, not separately, but integrated into
problem solving (Treffers, 1991).

2.3.4. The core teaching principles of RME.

Core principles have emerged in mathematics teaching as a result of the rearrangement
and development of the above-mentioned characteristics (Heuvel-Panhuizen &
Drijvers, 2014; Treffers, 1987). These principles are clarified briefly in the following
paragraphs.

2.3.4.1. Activity.

This principle means the active participation of students while learning. It is advocated
that individuals will learn mathematics best by doing mathematics, since mathematics

is a human activity (Heuvel-Panhuizen & Drijvers, 2014).
2.3.4.2. Reality.

This principle in RME might be interpreted in two ways. The first is to start teaching
mathematics by presenting real-life problems to learners in problem solving practices,

and the second by presenting problem situations that enable them to make sense of the
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mathematical structures they have created while solving problems, even if not from
real-life (Heuvel-Panhuizen & Drijvers, 2014). Instead of starting mathematics
teaching with certain abstractions or definitions, one should start with rich

mathematical situations that will not be quick to forget (Uygur, 2012).
2.3.4.3. Level.

The meaning of learning mathematics is that students go through various levels of
understanding ranging from informal solutions to the formal solution, modeling,
symbolizing and shortening various stages to being able to distinguish higher level
relationships (Erdogan, 2018). Models act as a bridge between informal, contextual

mathematics and formal mathematics (Heuvel-Panhuizen & Drijvers, 2014).
2.3.4.4. Intertwinement.

Since the objectives and topics in mathematics lesson progress in a compatible and
cumulative way, it is impossible to learn the content domains independently. For
example, while learning numbers learning area, subjects such as mental arithmetic,
prediction and algorithms should also be taught in conjunction (Heuvel-Panhuizen &
Drijvers, 2014).

2.3.4.5. Interaction-Cooperation.

Learning mathematics is seen as a social activity in RME. By seeing what other
students have found and discussing on them, students get ideas to improve their
strategies. In addition, interaction (cooperation) leads to the birth of ideas that will
enable students to understand at higher levels (Demirdégen, 2007). RME supports
opportunities for students to share learning strategies and solutions to problems with

their classmates (Heuvel-Panhuizen & Drijvers, 2014).
2.3.4.6. Guidance.

Guidance principle refers to Freudenthal’s guided reinvention of mathematics
(Heuvel-Panhuizen & Drijvers, 2014). In Realistic Mathematics Education approach,
curriculum and teachers should be able to direct the learning process, but not limit it.

In order for students to create their own interpretations and products, teachers should
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organize learning environments where they will enable students to structure the
concept. While organizing these learning environments, the teacher should be able to

predict how and where the students will react (Uga, 2014).
2.3.5. Instructional design in accordance with RME.

Streefland (1991) emphasizes that according to RME the following three levels should
be considered in developing mathematics lessons: The local or classroom level, the
global or course level, and the theoretical level. These levels are explained briefly in
the following paragraphs. At the local/classroom level, courses are designed
considering all the features of RME and the focus is on horizontal mathematization
(Zulkardi, 2010). First, a material suitable for the learning situation is presented, and
opportunities for free production are provided. This prepared material should enable
students to produce mathematical knowledge and be supported by their existing
knowledge (Akytiz, 2010). Opportunities are provided for students to produce tools
such as symbols, diagrams, and models of situations or contexts through group work
that they can learn socially. A learning environment is prepared for the students to
participate actively and to support them to discuss, collaborate and give and receive
feedback. It is necessary to encourage learners to participate in similar activities by
giving them tasks that allow them to produce original products (Zulkardi, 2010).

At the global/course level, materials structured at the classroom level are developed to
contribute to the learning process at the general level (Akyiiz, 2010). In other words,
rather than using the same materials, students make similar applications by exploring
their different dimensions. At the course level, as at the previous level, emphasis is
placed on horizontal mathematization (Altiner, 2021). However, at the theoretical
level, it is aimed to provide a transition to an abstract environment, starting from a
physical model that can be encountered in real life. Therefore, while the previous two
levels are working on horizontal mathematization, there is a focus on vertical
mathematization at this level (Uzel, 2007). Everything that existed at previous levels,
such as all group studies and activities, educational discussions, classroom practices,

is also useful material for this level (Arseven, 2010).
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2.3.6. Preparing a lesson plan according to RME.

According to Zulkardi (2010), in order for a lesson to be prepared in accordance with
RME, the parts of the lesson plan (objectives, content, methodology and assessment)
must be designed in accordance with the principles of RME. To put it more clearly, it
Is advocated that every student will be able to reinvent mathematics if steps such as
(1) selecting materials suitable for the outcomes, (2) determining different learning
techniques, (3) determining the relationships between learning paths, (4) creating new
materials under the guidance of the teacher, and (5) determining the extent to which
critical behaviors have been succeeded at the end of the teaching are prepared in
accordance with RME (Cilingir, 2015).

2.3.6.1. Goals.

De Lange (1995) defined three levels of goals in mathematics education: Low, middle
and higher level goals. In lessons designed according to the traditional program, the
goal levels are less clear. These lessons include low level goals related to formulas,
simple algorithms and definitions. However, in RME based lessons, the goals are
generally middle or higher level. At middle level, students are expected to have skills
such as linking different tools of the lower level and integrating concepts. At higher
level goals, students are expected to achieve reasoning, thinking, communication skills

and critical behaviors.
2.3.6.2. Content (Materials).

RME materials consist of domain-specific, generally known, real-life situations or
strategies. While preparing materials for RME, problem situations with various
solutions should be included (De Lange, 1996).

2.3.6.3. Methodology (Activities).

In a lesson based on RME, students are expected not to seek directions or answers to
suggest a standard solution to problems, but to be able to produce and contribute freely
through studying together, and as a result, to increase their self-efficacy (Zulkardi,
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2010). The teacher’s role, on the other hand, was determined as being a facilitator, an

organizer, a guide and evaluator (de Lange, 1996).
2.3.6.4. Assessment.

The assessment procedure in RME aims to improve students’ learning. Therefore, the
assessment should be conducted during an ongoing activity or right after the course.
The assessment result should indicate what students know, rather than what they do
not know. The tools used for assessment should be practical, suitable for the school

environment and obtainable to external resources (de Lange, 1996).
2.3.7. Comparing RME with traditional approach and Constructivism.

The main difference between the traditional approach and RME is the starting point.
While the traditional approach is based on abstract principles and rules to learn a
concrete application, this is not the case in RME (Wubbels et al. 1997). While
explaining the process of obtaining mathematical knowledge in RME, it is followed
by dealing with real-life problems first, then noticing generalizations, using notations,
and finally returning to practical problems and obtaining the algorithms of solution
procedures. In this approach, a formal system is reached in practice. In this respect,
the teaching that the traditional system offered, firstly teaching the formal system and
then making applications, was seen as anti-didactic by the RME approach (Bintas,
Altun & Arslan, 2003). RME provides students with opportunities to learn
mathematics through activities they experience in daily life. Thus, RME facilitates
students’ learning by enabling them to rediscover mathematical concepts and build
knowledge themselves (Fauzan, 2002). In this respect, it is possible to say that RME
is more similar to the principles of the constructivist approach, although there are
differences between them. In the constructivist approach, the curriculum begins with
a philosophy that gives students the freedom to construct or reconstruct their own
structures (Arseven, 2010). The constructivist approach has four basic epistemological

principles. These principles are given as follows:
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1. The information is not received passively by the individual, on the contrary, it is
formed as a result of a cognitive action performed by the individual under his/her

control.
2. Learning (acquiring knowledge) is an adaptation process.

3. Learning is subjective, non-objective, that is, everyone learns in their own unique

way.

4. Learning is a process influenced by social interaction, culture and language (Cited
by Uzel, 2007 from Doolittle, 1999).

Constructivist learning is basically a theory of knowledge, rather than a teaching
theory, and it is about how we acquire knowledge. However, RME is an instructional
theory. Despite this difference in basics, the implications for mathematics education
have strong similarities (Altun, 2006). In other words, RME approach accepts the
learning principles of constructivism, but unlike constructivism, it is a more specific
approach to teaching mathematics (Yagct & Arseven, 2010). The most distinctive
feature of constructivist learning is that students care about the difference in
interpretation of external representations and, accordingly, the difference that occurs
in internal representations. The task of the teacher in teaching is to prepare the
necessary conditions for students to form their own knowledge (Altun, 2006). The
difference between constructivist learning and RME arises in the steps followed in
structuring the knowledge. While RME opposes teaching theoretical knowledge and
practice separately, constructivist learning does not deny this. In fact, constructivism
accepts any learning style that is based on informal knowledge and experiences and
allows students to create knowledge (whether theoretical or practical) (Gravemeijer et
al., 1990).

According to the review of the literature, three types of constructivism are mentioned
in mathematics education (Zulkardi, 2010): Cognitive Constructivism, Social

Constructivism, and Radical Constructivism. To summarize these briefly;

Cognitive Constructivism: Cognitive constructivism is the constructivist approach that

first emerged in the field of education and is widely used in various teaching fields.
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This approach gives importance to individuality, cognitive processes, internal
structure and experiences in the construction of knowledge and the formation of
learning, based on Piaget's views (Eggen & Kauchak, 2010). Cognitive constructivists
who find social interaction valuable in terms of acting as a catalyst for individuals to
experience cognitive conflict have been criticized for neglecting social interaction in
learning (Palincsar, 1998). According to this approach, learning is based on
exploration, experience, and the individual's propensity to adapt to their environment.
In this way, the individual tries to balance between the schemas he has and the

environment he interacts with (Simina, 2012).

Social Constructivism: Social constructivism lies between cognitive constructivism
and radical constructivism (Uzel, 2007). According to this approach, which is based
on Vygotsky's (1978) work, social interaction, culture and language have an important
place in the formation of knowledge. This approach helps to resolve the dilemma about
teacher roles by challenging the notion that teachers step aside and expect students to
continue their natural work as the Piagetian view advocates. Accordingly, teachers
should be involved in the process by taking into account all conventional questions
such as how to organize and conduct the learning activity, motivate learners and
evaluate learning (as cited in Eggen & Kauchak, 2010, p. 45). Moreover, the concept
of the zone of proximal development is fundamental in the social constructivism
approach, because during the scaffolding process the student is supported in such a
way that she can perform beyond the maximum level that she can demonstrate herself
(Simina, 2012). Social constructivism takes care of all four epistemological principles
mentioned above. These four basic principles emphasize the characteristics of
knowledge that protect its social nature, and that knowledge emerges as a result of

social interaction and the use of language (Uzel, 2007).

Radical Constructivism: Radical constructivism is a view that emerged as a result of
the reinterpretation of social constructivism, and it is also heavily indebted to cognitive
constructivism, particularly Piaget's views (Aktiirk-Mugaloglu, 2001). According to
this approach, acquiring knowledge is an adapted process that results in active learning
by the learner. Radical constructivism argues that knowledge about reality emerges

depending on individuals' own experiences, cognitive capacities and interactions with
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the environment. Since the environments in which individuals interact and their level
of comprehension are different, each individual's knowledge of reality also varies
(Altun, 2006). Radical constructivism suggests that problem solving can be used in
mathematics teaching, that students should interact with other learners and teachers,
and that students should be given opportunities to use their own strategies.
Additionally, radical constructivism fully embraces the first three of the four basic
epistemological principles mentioned above (Uzel, 2007). The meaning that radical
constructivist theory ascribes to the importance of social interaction in learning is
different from that of social constructivist theory. Social interaction and working with
groups are important in radical constructivism as it enables the student to reflect on
the concepts (Altun, 2006).

The environment in constructivist learning is important for the teaching of
mathematics, but not as essential as it is in RME. Constructivist learning takes place
as long as the teacher plans the problem situation and the content of the subject based
on the students' prior knowledge and experiences (Gravemeijer et al., 1990). In
addition, accessing information in RME is different from the hierarchy in Bloom's
Taxonomy. As seen in Figure 2.9 below, since RME starts with daily life problems in
line with the stimulation from the environment, it first occurs in the form of descending
from the application level to lower levels and then to higher levels (Altun, 2006).
Horizontal mathematization takes place when descending from the application level
to the lower levels, and vertical mathematization occurs when ascending to higher
levels (Uzel, 2007).

According to de Lange (1996) the features of radical constructivism comply with the
guidelines prescribed by RME. One of the similar features of RME and radical
constructivism is that both have been created independently of constructivism.
Secondly, in both approaches, students are suggested to share their experiences with
their classmates (Zulkardi, 2010). However, radical constructivism does not
recommend horizontal mathematization as suggested by the RME, especially when

preparing learning activities for students (Uzel, 2007).

62



Evaluation

Comprehension

S 5
S | = g
= Synthesis S 2 S
% = © ac
© N o
< . e = s
- Analysis o < [
2 < I Q
= < 2 <
o Application = = L
S = = =
1% c — @
c o 8
Q N =
O S o
T >

Knowledge

Figure 2.9. Comparison of the stages in constructivism and RME. Adapted from
“Matematik Ogretiminde Gelismeler”, by M. Altun, 2006, Journal of Faculty of
Education, 19, p. 231.

The type of material to be selected in creating the learning environment in RME is
determined according to the interests and needs of the student. According to RME, it
Is emphasized that if some basic functions are fulfilled, every student can invent
mathematics. These functions include that searching for suitable models for teaching,
finding learning ways to foster the concept formation process, examining the
relationships between different learning paths, developing materials with the help of
teachers, and trying different alternatives in mathematics education. With these
features, RME is closer to social constructivism. However, mathematization in RME
can be described as an advanced level of the signification process in social
constructivist theory (Altun, 2006).

2.3.8. Research studies about RME.
In this section, examples of studies in the literature on RME were presented.

Fauzan (2002) determined the general characteristics of instruction designed based on

RME and investigated the effect of such instruction on students’ achievement,

motivation. The results have shown that the motivation scores of the experimental

group significantly increased after the treatment, compared to control group.
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Additionally, the results also indicated that the individuals who experienced the RME
based teaching had significantly higher achievement scores that pretests.

Arseven (2010) examined the effect of RME-based learning activities on learners’
achievement, problem solving skill and attitude towards mathematics. The researcher
conducted a mixed method design and gathered both quantitative and qualitative data
types. The results indicated that the instruction applied in experimental group was

significantly more effective than the instruction in control group.

Altayli (2012) investigated the effect of instruction designed based on RME on the
mathematics achievement and proportional reasoning skills of elementary seventh
grade students. The study was conducted through a quasi-experimental research
design. The results indicated that experimental group students had greater achievement

than control group.

Uga (2014) aimed to determine the interpretation process of fourth grade students
during the activities developed based on RME approach. The study was conducted
through a design research and data were collected through interviews, observations,
video recordings. The results indicated that the individuals were able to advance in

measurement of weigh activities, read decimals, relate the part and whole, etc.

Zakaria and Syamaun (2017) explored the effects of RME on 61 high-school students’
achievement and attitudes towards mathematics. They conducted quasi-experimental
research design. The results indicated that the attitudes of experimental and control
group students did not significantly differ, but the achievement of the two differed

significantly.

Altunay (2018) investigated the effect of mathematics instruction which include
learning activities prepared based on RME approach on students’ achievement and
retention in mathematics. Third grade 53 students participated in the study and quasi-
experimental research design was used. The results have revealed that the achievement
of experimental group students have increased and this was retained in the follow-up
tests, while the scores of control group on pretest, posttest and retention test did not

differ significantly.
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2.3.9. The harmony of Flow Theory and RME.

A lesson organized according to the RME enables children with different levels of skill
and understanding to work on the same problem in the same classroom. In RME,
students can share and discuss their strategies with their friends (Heuvel-Panhuizen,
2000). The general characteristics of learning environments which are conducive to
flow show great similarities with the principles of RME. In other words, it can be
possible that learners get into flow condition when learning mathematics, if the
mathematics instruction holds RME attributes. For instance, Norman (1993) states that
providing high intensity of interaction and feedback is one of the characteristics of
flow activities. When students are provided immediate, constructive feedback, and
encouraged working cooperatively they will be more likely to experience flow
(Schweinle et al., 2006). Similarly, among the learners and teacher-learner interactions
are seen as the fundamental principle in RME (Uzel, 2007). Through the interactions,
students express their ideas or solutions for the problems, or they have the chance to
fix their missing or wrong parts in their responses while they are listening to

classmates’ answers.

Another principle of Flow Theory claims that before the activity starts, it should have
specific goals that meet the needs, in order to promote participants to live the flow
experience. That is, the more obvious the goals are in the pupils’ consciousness, the
more likely it is that he/she experiences the flow situation (Jackson & Ecklund, 2004).
Similarly, RME approach strictly proposes that educational curricula should include
learning scenarios which are prepared compatible with the mathematics goals to be
reached (Heuvel-Panhuizen & Wijers, 2005). Those scenarios should consist of well-
prepared contextual problems that relate the mathematical concepts with learners’

imaginary world (Altun, 2008).

RME-based instruction supports students to generate their own strategy while solving
problems (Widjaja & Heck, 2003). Students are free to identify the methods or
techniques necessary to solve the problem. In addition, they can use and create their
own models during mathematization. This situation has shown parallelism with the

principle of sense of potential control and autonomy, which provide more flow in a
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learning environment or tasks (Abbott, 2000). As Hektner (1996) states that pupils
who reported high levels of flow has more autonomy than pupils who reported lower

levels of flow.

In RME, mathematics is taught through real-world situations or contextual problems
that are familiar with the students’ imaginary world and informal knowledge. Hence,
mathematics instruction is more likely to become attractive for the learners. As a result,
it is possible that students are disposed to attend mathematics courses. This supports
the principles advocated by the Flow Theory. When an activity has the characteristics
described above, the participants are more likely to lose self-conscious and feel that
the time passes faster than normal (Jackson & Csikszentmihalyi, 1999).

2.3.10. Summary of the literature review.

In the literature review chapter, the detailed information was given about the studies
on Flow Theory and Realistic Mathematics Education approach that form the basis of
this study. In the literature, several studies state that the use of Flow Theory might be
affective on decreasing negative emotions and thoughts by many people in schoolwork
and especially learning mathematics. However, when we look at the relevant literature,
it is noteworthy that Flow Theory is mostly applied in computer supported, web-based
and technology-oriented activities based on computer games, game-based software,
and their effects on affective states such as motivation, engagement, flow experience
and cognitive skills such as achievement, game performance, problem solving skills
etc. (Admiraal et al., 2011; Aremu & Adebagbo, 2016; Baydas et al., 2015; Cooper,
2009; Esteban-Millat et al., 2014; Inal & Cagiltay, 2007; Kiili et al., 2012; Sillaots,
2014). In addition, when the studies in the literature are examined, it is seen that Flow
Theory is used in various foreign language teaching courses (Ak Sentiirk, 2010;
Alperer, 2005; Egbert, 2003; Joo et al., 2013; Kirchhoff, 2013). In these studies, it was
seen that the researchers investigated whether the methods and techniques used in
foreign language teaching provide the learners with the level of flow experience, or
comparisons are made between different teaching techniques in terms of providing

flow experience.
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In addition, in the literature, there are also studies which explored the effects and usage
of Flow state in music education. For example, while Tan and Sis (2021) conducted a
literature review examining the studies on Flow Theory in the context of music, Kalay
(2013) conducted an experimental study examining the effects of rhythm-based music
education on the flow state. In studies where Flow Theory is used in mathematics
education, it is seen that the level of flow state experienced by students in group and
game activities is examined. On the other hand, it can be said that experimental studies
examining the effects of an instruction developed based on Flow Theory are very rare.
Furthermore, studies consist of correlational ones that explain which of the dimensions

or principles suggested by the Flow Theory are observed.

On the other hand, according to the literature, there are many experimental studies on
RME, which is used in mathematics instructional design by integrating with Flow
Theory. In these studies, the effects on academic achievement and several affective
characteristics were examined by comparing the instruction designed according to
RME with instruction carried out according to traditional or other approaches (Altayli,
2012; Arseven, 2010; Fauzan, 2002; Zakaria & Syamaun, 2017).
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CHAPTER 11

METHOD

In this chapter, the methodology of the study was presented under the subtitles of
research design, research questions, variables, subjects of the study, data collection

instruments. In addition, the information about data collection procedure and analysis

of data was explained in the following parts of the chapter.

3.1. Research Design

In this study, a pretest-posttest control group design was used, which is a type of quasi-
experimental research design (Creswell, 2015). The reason for using a quasi-
experimental design is that the study was carried out with subjects who were already
in intact groups, since the random assignment of the subjects to experimental and

control groups was not possible. The experimental design of the study is given in Table

3.1 below.

Table 3.1

The Experimental Design of the Study

Groups Pretest Experiment Posttest™* Retention Test**
G4 M; X M, M;
G, M, M, M;
G, = Experimental Group G, = Control Group

X = Instruction designed according to Flow Theory Principles and RME
* Applied for MAT, FSS, and MMS,
** Applied only for MAT
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According to Cohen, Manion & Morrison (2007), in cases where random assignment
Is not possible, checking whether groups are equivalent in terms of the characteristics
to be examined can make the design stronger. In order to check the equality of the two
groups, the data collection tools Mathematics Test (MT), Flow State Scale (FSS) and
Mathematics Motivation Scale (MMS) were conducted as pretests, and the data were
analyzed through independent samples t-tests (which is presented in the subjects of
study part of this chapter). The overall research design of the study can be seen in

Figure 3.1 below.

Sequence Experimental Group Control Group
Before Treatment e Pretest MAT e Pretest MAT
(To check the equality of e Pretest FSS e Pretest FSS
the groups) e Pretest MMS e Pretest MMS
During Treatment e Observations

e Students’ Diaries

}

Immediately After e Posttest MAT e Posttest MAT

Treatment e Posttest MMS e Posttest MMS
e Posttest FSS e Posttest FSS

After Descriptive e Semi-Structured

Analysis of the e Interviews

Quantitative Data

}

4 Months After e Retention test MAT e Retention test
Treatment MAT

Figure 3.1. Overall research design of the study
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In the study, quantitative data was supported with qualitative data in which it is aimed
to determine the opinions of experimental group students about the instruction they
experienced and how this teaching affected their thoughts, learning and feelings etc.
For this purpose, semi-structured interviews and classroom observations were
conducted. Additionally, experimental group students were asked to keep a diary at
the end of each lesson. All qualitative data obtained were combined and analyzed,
holistically.

3.2. Research Questions

The purpose of this study was to design and implement an instruction based on the
principles of Flow Theory enhanced with RME, for the fifth-grade mathematics
course, and to investigate the effects of this instruction on students’ achievement,
retention, flow state, and motivation. The following research questions were

investigated in the study:

1. Is there any significant difference between the Mathematics Achievement and

Retention scores of students in the experimental and control group?

2. s there any significant difference between the Flow State scores of students in

the experimental and control group?

a) Is there any significant difference between the Flow subdimension

scores of students in the experimental and control group?

b) Is there any significant difference between the Boredom
subdimension scores of students in the experimental and control

group?

c) Is there any significant difference between the Anxiety subdimension

scores of students in the experimental and control group?

3. Is there any significant difference between the Mathematics Motivation scores

of students in the experimental and control group?

4. What are the opinions of experimental group students about the treatment?
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3.3. Variables

The study consisted of five variables. One of them was independent and four of them
were dependent variables. The independent variable was the treatment effect of the
instruction designed based on Flow Theory principles and enhanced with RME
approach; while students’ achievement, retention, flow state and motivation were the
dependent variables of the study. The independent variable was used as the treatment
in the experimental group, while no intervention was made to the control group, and
they received the instruction in accordance with the curriculum prepared by the

Ministry of National Education (MoNE, 2017). Those variables were explained below:
Independent variable: Instruction applied in experimental group

Dependent Variables: Immediate mathematics achievement, mathematics retention,

flow state (flow, boredom and anxiety subdimensions), and mathematics motivation.
3.4. Context

The study was conducted throughout the spring semester of the 2017-2018 academic
year and lasted 11 weeks. The school where the study was conducted was a public
school and located in a region with a middle-level socioeconomic status, in Bornova -

Izmir. In each class at school, there were approximately 35 to 40 students.

As the researcher met with the students and the teacher frequently throughout the
study, a school was chosen which was easily accessible, and the school administration
would provide the necessary convenience and permissions for the study. In addition,
the fact that the teacher who would implement the instruction was curious and eager
to participate in the scientific studies, open to follow the innovations in teaching helped
the researcher to decide to carry out the study in this school. The teacher graduated
from department of elementary mathematics education, had three years of experience
in teaching and was continuing graduate education in the field of mathematics
education, and had the knowledge and practice to use technology effectively in the

lessons.
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The study was conducted in the fifth-grade mathematics course that aims to develop
students' mathematical literacy skills, to enable them to understand mathematical
concepts and to use these concepts in daily life, to improve their metacognitive
knowledge and skills, and to develop a positive attitude towards mathematics (MoNE,
2017). Fifth grade mathematics curriculum approved by the MoNE consists of three
learning areas: Numbers and Operations, Geometry and Measurement, Data
Processing. According to the annual plan, the learning areas to be covered in the weeks
of this study were Numbers and Operations, and Geometry and Measurement, which
included 5 topics in total: 1. Percentages, 2. Basic Geometric Concepts and Drawings,
3. Triangles and Quadrilaterals, 4. Measurement of Length and Time, 5. Measurement

of Area.
3.5. Subjects of the Study

The subjects of the study consist of students attending the fifth grade of a public school
in Bornova — Izmir, in the 2017-2018 academic year. Totally 73 students participated
in the study. The experimental group consisted of 37 students, while the control group

consisted of 36 students.

Table 3.2

The Gender Distribution of Experimental and Control Groups

Group Gender N %

Experimental Group Female 14 37.8
Male 23 62.2
Total 37 100

Control Group Female 16 44.4
Male 20 65.6
Total 36 100

As presented in Table 3.2, among the students of the experimental group, 14 (37.8 %)
of them were female and 23 (62.2 %) of them were male. Among the students of the
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control group, 16 (44.4 %) of them were female and 20 (65.6 %) of them were male.
In order to determine the equivalence of the groups, measurement tools (MT, MMS
and FSS) were applied to both classes as a pretest before the experimental procedure,
and the obtained data were analyzed through the independent samples t-tests. After it
was determined that the classes were equivalent, the groups were randomly assigned

as experimental and control groups.

For the qualitative data of the study, the experimental group students were asked to
write a diary about the mathematics lesson at the end of each week. In addition,
students for semi-structured interviews were selected purposefully after conducting
Mathematics Test as posttest, in order to learn their opinions about the instruction,
effectiveness of it, and whether they would like the courses to continue with such
instruction method, etc. For this purpose, maximum variation sampling method was
conducted (Patton, 2014/2002). The codes and demographics of students selected for
interviews can be seen in Table 3.3 below.

Table 3.3

The Codes and Achievement Levels of Interviewed Students

Gender # of Correct Answers  Achievement Level Code of Subject
F 8 Low Achiever S1
F 9 Low Achiever S2
M 9 Low Achiever S7
F 10 Medium Achiever S5
M 12 Medium Achiever S8
M 14 Medium Achiever S9
F 14 Medium Achiever S10
M 16 High Achiever S6
M 18 High Achiever S3
M 18 High Achiever S4
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As seen in Table 3.3, based on the achievement scores in the posttest MT, 10 students
(three high achievers, four medium achievers and three low achievers) were
determined as interviewee students among 37 students of the experimental group, in
order to ask their thoughts about the experimental process. The scores of the students
in the posttest of MT were listed in descending order. The students with correct
answers between 5 and 9 (since the minimum score on posttest was 5) were considered
as low achievers, the students with correct answers between 10 and 14 were considered
as medium achievers and the students with correct answers between 15 and 18 were

considered as high achievers.
3.5.1. Determination of equivalence and characteristics of study groups.

Before the treatment, the researcher examined the equivalence of the two groups that
would be assigned as experimental and control group. For this purpose, the data
collection instruments MT, FSS and MMS were conducted to both groups as pretests
(Creswell, 2015). The data obtained from the pretest of the instruments were analyzed
through independent samples t-test, using SPSS 25 (IBM, 2019). The results of

independent sample t-tests were presented in the following parts.
3.5.1.1. Comparison of pretest mathematics scores (PREMAT).

Before comparing the pretest scores, Skewness and Kurtosis values, histograms, Q-Q
plots, and Kolmogorov-Smirnov and Shapiro Wilk Tests of the dependent variable
(PREMAT) at each group (Experimental and Control) were explored to examine the
validity of normality assumption (Field, 2013). Only Kolmogorov-Smirnov Test (K-S
test) could not provide the normality assumption for both groups, while the Shapiro-
Wilk Tests were found to be non-significant for both groups. In addition, the skewness
and kurtosis values indicated that mathematics pretest scores were normally
distributed, since the values were between -1 and +1 for both groups. Q-Q plots also
showed the normality of distributions as the plots were around the line, and they were
not scattered too much from the line. Moreover, visually the distributions were seen

approximately normal from the histograms.
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Homogeneity of variances assumption was tested using Levene’s Test. According to
the results of Levene’s test, there was no statistically significant difference between
the variances of experimental and control groups (F = .231, p = .632). As the
assumptions were met, independent t-test analysis was conducted, and the results were

presented in Table 3.4.

Table 3.4

t-Test Results Comparing the Groups on PREMAT

Levene’s Test

Variable  Groups N M SD F Sig. t df  Sig.
Experimental 37 39.34 15.292

PREMAT 231 632 241 71 .810
Control 36 38.43 17.027

According to Table 3.4, independent samples t-test results revealed that there was no
statistically significant difference between the mean scores of the experimental and
control groups on mathematics pretest (PREMAT) scores, t(71) = .241, p > .05. That
IS, the mean score of experimental group on PREMAT (Mg = 39.34, SDy = 15.29) was
not significantly different from that of control group (M. = 38.43, SD. = 17.03).

3.5.1.2. Comparison of pretest Flow State Scale scores (PREFSS).

Since the total score of the Flow State Scale was not suitable, the scores of
subdimensions (namely Flow, Boredom and Anxiety) were analyzed separately.
Before comparing PREFSS scores, Skewness and Kurtosis values, and Kolmogorov-
Smirnov Test of the dependent variable (PREFSS) at each group (Experimental and
Control) were explored to examine the validity of normality assumption (Field, 2013).
According to Kolmogorov-Smirnov Test results, the normality assumption was met
for all subdimensions of FSS for both experimental and control group, as the values
were found non-significant. In addition, the skewness and kurtosis values indicated
that pretest scores of three subdimensions were normally distributed, since the values

were between -1 and +1, for both groups.
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Homogeneity of variances assumption was tested using Levene’s test. According to
the results of Levene’s test, there was no statistically significant difference between
the variances of experimental and control groups for Flow subdimension (FSD) (F =
316, p > .05), Boredom subdimension (BSD) (F = 1.572, p > .05), and Anxiety
subdimension (ASD) (F = .114, p > .05). As the assumptions were met, independent
sample t-test analyses were conducted, and the results were presented in Table 3.5.

Table 3.5

t-Test Results Comparing the Groups on PREFSS

Levene’s Test

Variable  Groups N M SD F Sig. t df  Sig.
Experimental 37 16.05 2.15

Flow 316 576 737 71 464
Control 36 15.67 2.34
Experimental 37 7.11 1091

Boredom 1.245 268 .164 71 .871
Control 36 7.03 227
] Experimental 37 7.30 2.39

Anxiety A14 737 847 71 .400
Control 36 6.83 2.29

According to Table 3.5, independent samples t-test results indicated that there was no
statistically significant difference between the mean scores of the experimental and
control groups on FSD t(71) = .737, p > .05; on BSD t(71) = .164, p > .05; and on
ASD t(71) =.847, p > .05. That is, the scores of experimental group and control group
on PREFSD (M = 16.05, SD; = 2.15 and M, = 15.67, SD. = 2.34); on PREBSD (My
=7.11, SD; =1.91 and M= 7.03, SD; = 2.27); and on PREASD (Mg = 7.30, SDg =
2.39 and M, = 6.83, SD. = 2.29) were not significantly different.

3.5.1.3. Comparison of pretest Mathematics Motivation Scale scores
(PREMMS).

Before comparing the pretest Mathematics Motivation Scale (MMS) scores, Skewness

and Kurtosis values, histograms, Q-Q plots and Kolmogorov-Smirnov and Shapiro
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Wilk Tests of the dependent variable (PREMMS) at each group (Experimental and
Control) were explored to examine the validity of normality assumption (Field, 2013).
Kolmogorov-Smirnov and Shapiro-Wilk Test could not provide the normality
assumption for the experimental group, while they showed the normality for the
control group. However, the Skewness and Kurtosis values indicated that PREMMS
scores were normally distributed for both groups, as the values were between -2 and
+2 (George & Mallery, 2020). Q-Q plots showed the normality of distributions as the
plots were around the line, and they were not scattered too much from the line. In
addition, histograms showed that the distributions were approximately normal for both
groups.

Homogeneity of variances assumption was tested using Levene’s Test. According to
the results of Levene’s test, there was no statistically significant difference between
the variances of experimental and control groups (F = .534, p > .05). As the
assumptions were met, independent t-test analysis was conducted and the results were

presented in Table 3.6.

Table 3.6

t-Test Results Comparing the Groups on PREMMS

Levene’s Test

Variable  Groups N M SD F Sig. t df  Sig.
Experimental 37 130.92 13.805

PREMMS 534 467 -380 71 .705
Control 36 132.08 12.283

According to Table 3.6, Independent Samples t-test results revealed that there was no
statistically significant difference between the mean scores of the experimental and
control groups on pretest Mathematics Motivation Scale (PREMMS) scores, t(71) = -
.380, p > .05. That is, the mean score of experimental group (Mg = 130.92, SDy =
13.81) on PREMAT was not significantly different from that of control group (M, =
132.08, SD. = 12.28).
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3.6. Data Collection Instruments
In order to answer the research questions, the following instruments were used:
1. Mathematics Test (MT): Pretest, Posttest and Retention Test
2. Flow State Scale (FSS): Pretest and Posttest
3. Mathematics Motivation Scale (MMS): Pretest and Posttest
4. Interview Form
5. Observations
6. Students’ Diaries
3.6.1. Mathematics Test (MT).

The Mathematics Test was developed by the researcher before the implementation
started. When developing the test, the researcher first determined the critical and more
inclusive learning objectives in the elementary fifth grade Mathematics Curriculum
(MoNE, 2017), in order to ensure content validity and to have a number of items that
fifth grade students can answer in a certain time period (see Appendix F for the
distribution of test items related to each objective). For this purpose, a table of
specification was used. During the preparation of the test items, the cognitive domain
of Bloom’s Taxonomy was used. When the specification table and the selected
objectives were examined, it was determined that the cognitive level of the objectives
were up to the application level according to Bloom's Taxonomy. For this reason, it
was decided that the items to be prepared should be suitable for the application,

comprehension, and knowledge levels of taxonomy.

After deciding the objectives and cognitive levels, at least two items were prepared for
each objective. Therefore, 40 multiple-choice items were included in the draft form of
the test. When determining the test items, the researcher used various fifth-grade books
and internet resources. Then, the researcher asked for a review of some experts from

different departments (two experts from Curriculum and Instruction division, two
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experts from Measurement and Evaluation division, one expert from Mathematics
Education, and four elementary mathematics teachers) to provide evidence for face
and content validity. According to experts’ opinions, it was ensured that all items were
related to the learning objectives to be measured, and all the objectives were covered
in the test. Necessary regulations and changes were made in line with the
recommendations of the experts, to provide face validity of the test. Some expressions
in items and sequence of choices were edited considering the reviews. One of the
experts suggested that the size of the words and symbols in the test should be increased,
so that the regulation should be made in accordance with the MoNE Textbooks and
Educational Tools Regulations (MoNE, 2015b). Accordingly, the items were arranged
so that the smallest font size to be used for elementary fifth-grade students was 11
points. In addition, in line with expert opinions, the negative statements were
underlined to ensure that students pay attention to the items. Finally, the distractors of
some items were arranged, and the ordering of some of them was changed.

After these arrangements, the trial test was applied in three public schools in the fall
semester of the 2017-2018 academic year, in order to check the clarity of the questions,
the KR-20 reliability of the test, to select appropriate items in terms of discrimination
and difficulty indices for the final version of the test. A total of 344 sixth-grade
students who learned these objectives the previous year were applied the draft form of
the test. However, the answers of students who left most of the questions unanswered
and marked multiple options in most of the items were not included to analysis. Thus,
the answers of 305 students were transferred to the computer document and analyzed
through Test Analysis Program (TAP) to check the item and test statistics.

The item and test statistics of the trial test were presented in Table 3.7 below.
Accordingly, the mean score of the trial version test was 18.39 and standard deviation
was 6.66. The discrimination indices (r;,) of all items were between 0.10 and 0.67,
while the average discrimination index of the test was 0.39. The difficulty indices of
all items were between 0.24 and 0.81, while the average difficulty index of the test
was 0.46. KR-20 reliability of the test was 0.83, which means the test demonstrates a

high degree of reliability coefficient (Atilgan, Kan, & Dogan, 2011).
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Table 3.7

Item and Test Statistics of the Trial Version of Mathematics Test

Item No  Discrimination Difficulty Item No Discrimination  Difficulty
Index (rjx) Index (p]-) Index (zj) Index (p j)
Item 1* 0,46 0,43 Item 21* 0,63 0,67
Item 2* 0,42 0,67 Item 22 0,39 0,78
Item 3* 0,42 0,36 Item 23 0,52 0,75
Item 4 0,40 0,30 Item 24* 0,67 0,45
Item 5* 0,52 0,66 Item 25 0,10 0,28
Item 6 0,48 0,49 Item 26 0,39 0,61
Item 7 0,36 0,31 Item 27 0,24 0,30
Item 8 0,43 0,80 Item 28* 0,44 0,45
Item 9* 0,64 0,59 Item 29 0,25 0,27
Item 10 0,19 0,24 Item 30* 0,34 0,32
Item 11* 0,30 0,81 Item 31* 0,47 0,33
Item 12 0,34 0,36 Item 32* 0,34 0,42
Item 13* 0,47 0,75 Item 33 0,34 0,28
Item 14 0,41 0,34 Item 34 0,27 0,28
Item 15* 0,48 0,65 Item 35 0,25 0,29
Item 16 0,39 0,73 Item 36 0,24 0,32
Item 17 0,54 0,42 Item 37* 0,45 0,33
Item 18 0,44 0,42 Item 38* 0,44 0,38
Item 19 0,13 0,25 Item 39 0,13 0,31
Item 20* 0,36 0,56 Item 40* 0,33 0,44
Mean Score 18.39
Standard Deviation 6.66
Mean Discrimination Index (7jy) 0.39
Mean Difficulty (p;) 0.46
KR-20 Reliability 0.83

(*) Represents items selected for the final version of the MT.

When selecting the items for the final version of the test, the widely used criteria for
classification of discrimination indices (Ebel & Frisbie, 1991) were used in this study.
As seen in Table 3.8, items that have a discrimination index below 0.20 cannot be used

and should be eliminated from the test. The items that have a discrimination index
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between 0.20-0.29 are acceptable with major revision, while items with a
discrimination index between 0.30-0.39 are acceptable with minor revision. The items

that have a discrimination index above 0.40 can be used without any revision.

Table 3.8

Interpretation of Discrimination Index

Index of Discrimination ltem Evaluation

0.40 and up Very good items

0.30t0 0.39 Reasonably good items: little or no revision is required
0.20 t0 0.29 Marginal items: usually need revision

Below 0.19 Poor items: to be rejected or improved by revision

Note. Adapted from Essentials of Educational Measurement (5th ed.), by R. L. Ebel and D. A. Frisbie,
1991, p. 232. Copyright 1991 by Prentice-Hall, Inc.

For the difficulty of items, there are different categorizations in the literature. In this
study, more common type of categorization which is shown in Table 3.9 was used
(Atilgan, Kan, & Dogan, 2011).

Table 3.9

Interpretation of Difficulty Index

Index of Difficulty Item Evaluation
0.80 and up Too easy item
0.65-0.79 Easy item
0.35-0.64 Moderately difficult
0.20-0.34 Difficult item
Below 0.20 Too difficult item

Note. Adapted from Egitimde Ol¢me ve Degerlendirme, by H. Atilgan, A. Kan, & N. Dogan, 2011, p.
298. Copyright 2011 by An1 Publishing.
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According to Table 3.9, items that have a difficulty index below 0.20 are too difficult,
the items that have a difficulty index between 0.20 - 0.34 are difficult; items that have
a difficult index between 0.35 - 0.64 are moderately difficult, items that have a
difficulty index between 0.65 - 0.79 are easy, and items that have difficulty index
above 0.40 are too easy item.

When selecting the items for the final version of the test, firstly, four items (item no:
10, 19, 25 and 39) that had a discrimination index below 0.20 were removed from the
test. For each of the 18 learning objectives, there was at least one item having a
discrimination index greater than 0.30. Thus, for each objective to be measured, items
having the greatest discrimination index and moderate difficulty index were chosen.

The item and test statistics of the final version of the test, and selected items were
shown in Table 3.10 below. Accordingly, there were 18 items in the final test. The
mean score of the final version of the test was 9.26, and standard deviation was 3.73.
The discrimination indices (r;,) of all items were between 0.33 and 0.67, while the
average discrimination index of the test was 0.49. The difficulty indices of all items
were between 0.32 and 0.81, while the average difficulty of the test was 0.52. KR-20
reliability of the test was 0.75. These statistics might prove that 18-item fifth-grade
Mathematics Test was valid and reliable (see Appendix | for some sample items

included in the test).

Table 3.10

Item and Test Statistics of the Final Version of Mathematics Test

Item No Discrimination Index (7jy) Difficulty Index (p;)
Item 1 0,46 0,43
Item 2 0,42 0,67
Item 3 0,42 0,36
Item 4 0,52 0,66
Item 5 0,64 0,59
Item 6 0,30 0,81
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Table 3.10 (cont’d)

Item No Discrimination Index (7jy) Difficulty Index (p;)
Item 7 0,47 0,75
Item 8 0,48 0,65
Item 9 0,36 0,56
Item 10 0,63 0,67
Item 11 0,67 0,45
Item 12 0,44 0,45
Item 13 0,34 0,32
Item 14 0,47 0,33
Item 15 0,34 0,42
Item 16 0,45 0,33
Item 17 0,44 0,38
Item 18 0,33 0,44
Mean Score 9.26
Standard Deviation 3.73
Mean Discrimination Index (7;y) 0.49
Mean Difficulty (p;) 0.52
KR-20 Reliability 0.75

3.6.2. Flow State Scale in Mathematics (FSS).

The Flow State Scale in Mathematics (see Appendix J) was developed by Eryilmaz
and Mammadov (2016a) in order to measure high school students’ flow states in
mathematics. When developing the scale, the researchers conducted the draft form of
the instrument to 234 high school students aged between 14 to 18. The factor analysis
results showed that the FSS consisted of 3 factors, namely, Flow Subdimension (FSD),
Boredom Subdimension (BSD), and Anxiety Subdimension (ASD) that explained
71.80% of total variance. In addition, the FSS has 13 items which are scored using a
4-point Likert type. The reliability coefficients of the three factors FSD, BSD and ASD
were found to be 0.91, 0.83 and 0.81 respectively. The researchers suggested that the
scale should be used in terms of its factors rather than measuring total score since the

correlations among the factors were not significant. The maximum score one can take
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from the flow factor is 20 while the minimum score is 5; the cutting score can be taken
as 10 for this factor. The maximum score one can take from boredom factor is 16 and
the minimum score is 4; the cutting score is offered as 8. Lastly, one can take a
maximum score of 16 and a minimum score of 4 from the anxiety factor; the cutting

score is determined as 8 by Eryillmaz and Mammadov (2016a).

Since the subjects of this study and the participants with whom the FSS was developed
had different developmental attributes and different ages, the adaptation of the scale
was performed before the implementation, in order to investigate the construct
validity. For this purpose, the scale was administered to 380 fifth-grade students from
two public schools (different from the implementation school) in the fall semester of
2017-2018 academic year. The data were analyzed through Exploratory Factor
Analyses (EFA) using SPSS.22 program, and Confirmatory Factor Analyses (CFA)
using LISREL 8.8 program.

In order to determine the factor loads of the items and to determine which factors they
belong to, first EFA was conducted. To determine the suitability of the data for factor
analysis, Keiser-Meyer-Olkin (KMO) measure of sampling adequacy and Bartlett’s
test of sphericity were examined. The KMO measure of sampling adequacy of .88
was greater than .60 (Tabachnick & Fidell, 2013). This result tells us there were
enough items under each factor in the scale (Leech, Barrett, & Morgan, 2008). Also,
Bartlett’s test was significant (X? = 2006.895, p < .05), showing that the correlation
matrix was significantly different from an identity matrix. Thus, it can be inferred from

both results that it was appropriate to conduct exploratory factor analysis.

In the EFA, principal axis factor analysis with varimax rotation was conducted to
assess the underlying structure for the thirteen items of the FSS. Three factors were
requested based on the fact that the items were designed to index three constructs:
flow, boredom and anxiety. As shown in Table 3.11 below, factor loadings for Factor
1 were ranging from .496 to .785, for Factor 2 from .566 to .709, for factor 3 from .536
to .709, which were significant (Hair et al., 2010). After rotation, the first factor
accounted for 19.42% of the variance, the second factor accounted for 16.96%, and
the third factor accounted for 14.36%.
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Table 3.11

Factor Loadings from Factor Analysis of the Flow State Scale

Factor Loading

Item 1 2 3 Communality
1 77 .55
2 .79 .61
3 50 .25
4 51 .26
5 .61 44
6 .59 .38
7 57 34
8 71 46
9 .69 44
10 .63 .55
11 .60 49
12 g1 .59
13 54 .50
Eigenvalue 5.22 1.85 .95

% of variance 36.67 10.45 3.62

In Table 3.12 below, the standardized solutions of three-factor Flow State Scale by
CFA results were given. In the right-most column of the table, t values were presented
which show the significance of the estimated factor loads. The results of CFA

confirmed the structure that set out in EFA.

Table 3.12

Standardized Solutions by CFA of FSS for the Three-Factor Model

Factor
Item Flow Boredom Anxiety t
1 79 17.39
2 .85 19.25
3 49 9.42
4 49 9.58
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Table 3.12 (Cont’d)

Factor

Item Flow Boredom Anxiety t

.68 14.18
6 .65 12.87
7 .62 12.11
8 73 14.80
9 .69 13.82
10 .79 17.64
11 73 15.67
12 .80 17.97
13 73 15.61

In Figure 3.2, Figure 3.3 and Table 3.13 below, the results of CFA and goodness-of-
fit indicators of the models for the Flow State Scale were demonstrated.
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Figure 3.2. Confirmatory factor analysis and standard values of FSS
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Figure 3.3. Confirmatory factor analysis and t values of FSS.

According to Table 3.13 below, the CFA results confirm that Flow, Boredom and
Anxiety Factors are the components of a structure called Flow State. The Goodness-
of-Fit indexes were found as; X2= 165.51; X?2/df = 2.67; p = 0.00; ECVI = 0.59; NFI
= 0.96; NNFI = 0.97; CFI = 0.97; IFI = 0.97; GFI = 0.94; AGFI = 0.91 and RMSEA
= 0.066. These values of indexes prove that the measurement model is acceptable
(Schermelleh-Engel, Moosbrugger, & Miiller, 2003).
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Table 3.13

Goodness-of-Fit Indicators of the Models for The Flow State Scale (N=380)

Model df X2 X2/df AGFI ECVI RMSEA

Three Factor 62 165.51***  2.67 0.91 0.59 0.066
Note. AGFI = adjusted goodness-of-fit index; ECVI = expected cross-validation index; RMSEA = root

mean square error of approximation.
***p <.001

For the reliability of 13 items of FSS, Cronbach Alpha internal consistency reliability
coefficients were calculated. The internal consistency reliability coefficient for the
Flow factor was found as 0.78; for the Boredom factor as 0.77 and for the Anxiety
factor as 0.85. The number of items and the reliability coefficients for each factor were
given in the Table 3.14 below. Since the predictions regarding the reliability of the
factors should be above .70 (Nunnaly, 1978; Hair et al. 1998), there is sufficient

evidence for the internal consistency reliability of the factors in the scale.

Table 3.14

The Number of Items and Reliability Coefficients of The Factors

Factors # of items a
Flow 5 0.78
Boredom 4 0.77
Anxiety 4 0.85
Total 13 -

3.6.3. Mathematics Motivation Scale (MMS).

The Mathematics Motivation Scale (MMS) (see Appendix K) was developed by
Tahiroglu and Cakir (2014) to measure elementary education fourth-grade students’
mathematics motivation. Since the subjects of this study and the participants with
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whom the scale was developed had similar developmental characteristics and similar
ages, the adaptation of the scale was not performed (Boztung Oztiirk, Eroglu, &
Kelecioglu, 2015). When developing the scale, the researchers collected data from 299
students in 2013-2014 academic year and conducted required analyses. Accordingly,
the MMS has 5 factors (motivation to be appreciated, motivation towards interest,
desire and needs, motivation towards developing self-confidence, motivation for
success, motivation for goal) which explain 51.93% of total variance and 32 items that
are scored using a 5-point Likert type scale named as strongly agree, agree, not certain,
disagree, and strongly disagree. In addition, the Cronbach Alpha reliability coefficient
of the factors were found as 0.91, 0.92, 0.89, 0.85 and 0.70, respectively. The internal
consistency reliability of MMS was determined to be 0.93. In order to check the test-
retest reliability, the researchers conducted MMS to 157 students after four weeks. The
number of items and the reliability coefficients of factors were given in the Table 3.15
below.

Table 3.15

The Number of Items and Cronbach Alpha Coefficients of the MMS

Factors #ofitems o  r(test-retest)
Motivation to be appreciated 5 0.91 0.86
Motivation towards interest, desire and needs 7 0.92 0.82
Motivation towards developing self-confidence 6 0.89 0.80
Motivation for success 8 0.85 0.85
Motivation for goals 6 0.70 0.69
Total 32 0.93 0.91

As seen in Table 3.15, the reliability coefficient of the scale was found to be 0.91,
while the reliability coefficients of the factors were found as 0.86, 0.82, 0.80, 0.85 and
0.69 respectively, after test-retest analysis (Tahiroglu & Cakir, 2014). These scores
proved that the MMS was adequately reliable (Hair et al. 1998; Nunnaly, 1978).
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3.6.4. Interview form.

The interviews help us to obtain information that cannot be directly observed from the
perspective of the students, and to gain an in-depth and holistic perspective on a subject
(Patton, 2014/2002). In order to learn thoughts and views of the students about the
process, activities, and experiences during the instruction designed according to Flow
Theory principles, a semi-structured interview form (see Appendix L) was prepared
by the researcher. The form consisted of 11 questions which were arranged in an open-
ended format. In the interview, attention was paid to ensure that the questions asked
to the students were as clear, understandable, and simple as possible. In the interview,
probes were included in order to obtain richer and more in-depth data from the
participants (Yildirim & Simsek, 2011), and to provide more concrete examples. These
probes guide the interviewee and allow the interviewer to control the flow of the
interview process (Patton, 2014/2002).

The researcher asked for a review of five experts (one of which from Curriculum and
Instruction division and conducting graduate level qualitative research courses, two
experts from Guidance and Counseling division and two mathematics teachers) in
order to determine the appropriateness of the questions and probes for the fifth graders’
understanding. After regulating some of the expressions in the questions in accordance
with the experts’ views, the form was piloted with three fifth-grade students. The
words and expressions which could be misunderstood or could not be understood were

changed, or synonymous of them were added as a description.
3.6.5. Observation form.

Observation, which is an important data collection method for qualitative data, helps
the researcher to have information about events, activities, and interactions between
individuals, as there are limits what can be learned from what people say (Patton,
2014/2002). The purpose of the observations in classroom is to make in-depth and
detailed explanations and definitions about the event, phenomenon and situation that
is the subject of the research, to define in detail the learners’ behaviors with a holistic

understanding during the experimental process applied in the study (Yildirim &
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Simsek, 2011) and to use them to support and make sense of data obtained from other

qualitative and quantitative data.

The researcher was present at classroom during the experiment process in order to
observe situations such as the reflections of Flow Theory principles in the classroom
environment, how the teacher applies the experimental procedure material, and the
participation and reactions of the students regarding the applied experimental
procedure. For this purpose, a framework in line with the research questions of the
study was prepared and used by the researcher (see Appendix M). While creating the
observation form, first of all, a detailed examination of the studies in the literature was
made. Since it is not possible to observe everything that happens in the classroom
during the observation process, the points on which the observations should be focused

were determined.

The observation form consists of two columns. In the first column, there are definitions
and examples of the basic elements of the instruction developed based on Flow
Theory, such as skill-challenge balance, focused attention, concentration, learner
control, attractiveness, clarity of objectives, feedback qualities, autotelicity, and
immersion in the classroom environment. In the second column, there are notes about
the sample situations and experiences observed by the researcher regarding these

definitions.
3.6.6. Students’ diaries.

In the study, the experimental group students were asked to write a diary about
mathematics lessons. The diaries are considered as a research tool and alternates the
self-reports and questionnaires (Pearson-Evans, 2006). The diaries of students were
used for triangulation of data to be collected from other data collection tools. For this
purpose, the students were asked to briefly write about how they felt in mathematics
classes, their thoughts about activities, and what they learned in class. The diaries were
collected weekly from the students and transferred to the computer document.
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3.7. Experimental Process Material

Lesson plans and activities were prepared by the researcher in the fall semester of
2017-2018 academic year (See Appendix N for sample lesson plan and activity). They
included the learning areas and topics to be taught in the experimental process. When
preparing the lesson plans, the researcher considered the principles of Flow Theory,
and used RME approach. When the literature on Flow Theory was reviewed, none of
the studies included an example of how to design mathematics instruction in
accordance with the theory. In some of the studies, the instructional practices carried
out by different teachers were observed in detail, and inferences were made on which
of these enable students to enter more flow state and have more motivation (Challco
et al., 2016; Gunderson, 2003; Schweinle et al., 2006; Su & Hsaio, 2015; Turner et.
al., 1998). It is seen that the studies on Flow Theory are generally on to what extent
the current teaching practices cause flow experience on students (Ak Sentiirk, 2010;
Armstrong, 2008), or whether some techniques used in teaching contribute to flow
experience (Admiraal et al., 2011; Alperer, 2005; Aremu & Adebagbo, 2016; Chan &
Ahern, 1999; Kalay, 2013; Su & Hsaio, 2015). Based on the results obtained from this
literature review and suggestions of researchers, inferences were made about how to
design an instruction based on the Flow Theory and what features it should have. Later,
an instructional design for the mathematics was prepared by considering the
instructional practices that handled by Chan & Ahern (1999), Linnenbrink-Garcia et
al. (2016), Rezabek (1994), and Schweinle et al. (2006) and task design that was made
by Guan (2013).

At this point, since RME has a great parallelism with flow-like experiences and it is
considered as a special teaching approach in mathematics, the features of RME
approach were also employed as a guide in instructional design to attract learners’
attention, emphasize the importance of the task, and ensure meaningful and long-
lasting learning (Gravemeijer, 1997; Uygur, 2012). While preparing the lesson plans,
the studies on RME were examined in the literature, and some lesson plan examples
suggested by these studies (Arseven, 2010; Cihan, 2017; Kurt, 2015; Uga, 2014) were
used. When the lesson plans and the activities were prepared, the researcher asked for

a review of experts from different domains: Two experts from Curriculum and
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Instruction department, one expert from Elementary Education department, one expert
from Computer and Instructional Technologies department, and three elementary
mathematics teachers. The experts gave feedback about the lesson plans in terms of
content, suitability of the activities with the learning objectives, RME approach,
students’ developmental level, the language used, etc. In line with the suggestions of
the experts, some changes were done, for instance the duration and content of the
activities, wording of the real-life cases, problems, shapes, figures and tables in the

activities etc.

Instructional strategies which are related to Flow Theory and used in the preparation
of activities and lesson plans are as follows: Keeping the challenge-skill balance,
providing feedback, supporting learners’ autonomy, encouraging positive affect,
fostering social relationships, and making the content relevant and interesting for the
learners. Undoubtedly, one or more of these elements might be used in different ways
and amounts in any class environment, however, in an instruction developed based on
Flow Theory, as many of these elements as possible should be used together. As
Schweinle et al. (2006) advocate that such elements together are likely to have
multiplicative effects, each reinforcing the other, thus learners react to the conditions
formed by the holistic effect of these elements. While designing the instruction, it was
planned to make the lessons play- or game-like in order for the following strategies to
be useful for increasing students' motivation in mathematics and enabling them to
experience the flow state in mathematics. These strategies are explained in the
following paragraphs.

3.7.1. Keeping the balance between challenge and skill.

As can be understood from the words “If the student is lacking in understanding or in
interest, it is not always his fault, the problems should be well chosen, not too difficult
and not too easy” by Polya (2015, p.6), it is very important to balance the challenge
level of the activities and problems used in the teaching of mathematics lesson and the
skill levels of the students. While preparing lesson plans and activities for mathematics
instruction, it was ensured that the level of language, materials and problems used were

suitable for the level of fifth-grade students. According to Ausubel and Robinson
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(1969), since mathematical concepts and operations have a great deal of sequential
interdependence and gradualism, learners can only advance in new subjects after
gaining sufficient knowledge and experience in the prerequisite ones. Therefore,
mathematics instruction in the current study actually gives the teacher the opportunity
to adjust the difficulty of the tasks according to the skill levels of the students in this
sequential progression process. In other words, in the teaching of mathematics in this
study, the teacher aimed to keep the students within the flow channel specified by
Csikszentmihalyi (1990) by adjusting the challenge level according to the skill levels

of the students with the questions she asked.

Teaching activities were tailored to a level that students can understand, to try out
methods or studies similar to the re-invention of mathematics used during the
implementation of guided reinvention. For this reason, activities have been prepared
to teach new subjects by connecting them with pre-learning of students (Anderson,
1982). Moreover, the activities and problem contents contained examples that students
may encounter in real life, suitable for the environment they live in, or that will attract
the attention of this age group. These math problems were mostly open-ended, students
can propose different solutions and enable them to learn the subject with their own
speed. Additionally, the activities provided opportunities for students to show their
skills. The tasks and activities were prepared as complex and cognitively demanding

as possible for the subjects of the study (Dolezal, Welsh, Pressley, & Vincent, 2003).

During the lesson, students were often reminded by the teacher that it is more
important to understand mathematical tasks and concepts rather than memorizing or
rote learning of them, and as a result, their skills will improve. During the activities,
the teacher provided scaffolding to students, set up appropriate time for students to
complete the tasks, split long term or difficult tasks into simpler units in order to
decrease the difficulty of the tasks, which follows Vygotsky’s principles (Schweinle
et al. 2006; Schweinle, & Bjornestad, 2014). Scaffolding of instruction helps learners
turn into coparticipants in both teaching and learning process. At the same time, it
helps to provide flow experiences by supporting the complex relationships between
cognition, motivation, and emotions, contributing to students' learning for learning’s

own sake (Turner et al., 1998).
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3.7.2. Providing clear and immediate feedback.

The activities used during the instruction of the mathematics included situations that
provide clear, supportive, constructive, and timely feedback to students. Feedback in
the experimental class aimed to inform students during the activities rather than
controlling their behavior and was put to work when they needed it (Heine, 1997).
Some learners need certain feedback more often and repeatedly. Since this helps to
complete the conceptual structure that the student is trying to create in his mind and to
solve the problem he encounters, the feedback contributes to the development of the

student in accordance with his own learning pace (Brandl, 1995).

In order to create such a feedback environment, the teacher always reminded the
students that they should help each other before and during the activity, and that this
would both help them learn themselves and increase the success of their groups.
Therefore, it was ensured that the questions required for effective feedback (where am
I going, how am | going and where to next?) were asked and answered (Hattie & Gan,
2011). For example, before starting each activity, students were reminded to discuss
the aims of the activity among themselves and to ask the teacher about unclear points.
During the activity, the teacher was constantly walking around the classroom,
following the progress of the students, guide them to process information and to
construct meanings. Additionally, the teacher encouraged the students to share their
answers with each other by creating a discussion environment at the end of the activity,
and at the same time asked them questions such as "Who would like to contribute or
comment on your friend's answer?", enabling them to turn mistakes into opportunities
for learning. This creates additional opportunities for students to receive immediate
feedback from their peers during the activities and problem solving process (Golnabi,
2017).

3.7.3. Supporting learners’ autonomy/control.

In the courses based on Flow Theory, the learners had an autonomous learning
environment in many ways, since the opportunity of control provides learners less
anxiety and boredom, more motivation (Steinberg, 1977; 1989). This control provided
to learners includes controlling the learning pace, sequencing, guidance, design, and
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location (Karim & Behrend, 2013). In terms of location control, the students had the
right to move to groups where they could work more freely and efficiently, without
hindering group dynamics and heterogeneous distribution, in the groups formed at the
beginning of the lesson. In terms of design control, the students were supported for
autonomy in order to determine the distribution of tasks within the group. That is,
students were given the chance of negotiating and playing the roles (such as scribe,
encourager, leader etc.) that best suit them given the task at hand without teacher

intervention (Armstrong, 2008).

While the students completing their work in groups, they were free to control the pace
of the activity according to their own learning, only if it did not hinder the flow of the
lesson and the learning of other students. In terms of guidance/advisory control, the
learners were given positive and constructive feedback to freely express their ideas,
no matter which solution they used regarding the activities. Regardless of whether it
is true or false, they were reinforced by the teacher and their peers to answer the
questions posed to them and express their opinions about the problems in the activities.
In almost all cases, students were made to feel that they were not judged or evaluated
for their mistakes or incomplete answers, and that these were an opportunity to ensure
correct learning and to clarify those that were misunderstood (Schweinle et al. 2006).
As observed in learning environments with high flow experiences, the teacher directed
the students to express their solution strategies and ways of thinking. Thus, it was
aimed to make the students take decisions that will direct their own learning. For this
purpose, the teacher guided students towards autonomous learning by exploring
possible strategies with students, asking why and how questions in order to evaluate
their understanding, to justify the strategies and to show their learning. (Turner et. al.,
1998). Finally, in terms of sequence control, students were given autonomy to decide
between the order of the steps they need to carry out during the activities. However, in
activities where the order between the activity steps is important, this situation was
announced to the students, and they were reminded to follow the determined steps. On
the other hand, content control could not be given to students, as the objectives in the
mathematics curriculum could not be exceeded within the scope of the study. In
addition, since the mathematics lessons had to be held on the days and hours
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determined by the school, the learners were not provided with time control (Karim &
Behrend, 2013).

3.7.4. Encouraging positive affect.

In instruction based on Flow Theory, students should be made to feel that there is a
positive affective climate in the classroom so that they willingly and fondly participate
in activities and have intrinsic motivation (Schweinle et al. 2006). As offered by
Dolezal et al. (2003), creating a warm, caring atmosphere for learning might help
students engage in the tasks and activities, think deeply, take risks and challenge their
abilities. Therefore, by encouraging students to help each other on both cognitive and
motivational issues, situations that could be an example of positive affective support
were made widespread to attract the attention of the whole class. For this purpose,
group studies and collaborative activities, which require students to interact with their
peers including high trust and empathy among group members and teacher, were used
in flow-based instruction practices. The way to ensure interaction between students
was provided by presenting activities that would challenge them to a certain level.
Thus, the students felt the need to communicate with their friends in the group in order
to overcome these difficulties. If their friends could not come up with a solution, the
students contacted the teacher and requested feedback. On the other hand, whole-class
discussions held at the end of each lesson, the students were guided by the teacher to
express their opinions on each other's answers. Here, students were made to feel and
reminded that it was not a problem for them to give wrong or incomplete answers. In
addition, some humor and fun aspects were also included in the stories used in the
activities and in the language used by the teacher. Additionally, in instruction based
on Flow Theory, grading and evaluation were not used as a weapon that students would
be afraid of. By emphasizing the importance of learning at every opportunity to
students, it was tried to alleviate their pre-existing frustrations, fears and giving up

feelings about mathematics.
3.7.5. Fostering social relationships.

As Wentzel & Watkins (2011) stated, children who communicate and interact with
their peers can get companionship and entertainment. One of the basic teaching
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principles of RME, the principle of interaction-cooperation, advocates that learning
mathematics is a social activity, so students can access higher level knowledge by
discussing problems with other learners and building on each other's knowledge
(Heuvel-Panhuizen & Drijvers, 2014). In addition, there are studies in the literature
showing that cooperative learning is indispensable for learning environments that
ensure flow (Gwyn, 2004). Therefore, in the experimental group, mathematics
instruction was carried out through group work and cooperative learning in all lessons
and activities. Learning activities were planned to ensure that students work together
to achieve common goals in the group and support each other in terms of motivation
(Slavin, 2011) and cognitive skills such as problem solving and retention of knowledge
(Wentzel & Watkins, 2011).

Group studies were formed according to the subject and the objectives to be taught.
For example, these were sometimes used in the teaching of subjects as a concrete
product put forward by the group members together, and sometimes as problems for
which the groups suggested creative solutions. After the activities, the solutions and
products that were put forward were discussed within and between groups. During
these discussions, the teacher supported students to build on each other's answers by
asking questions such as "Why do you think your friend thinks this way?", " Who
wants to remind your friend what ... is, without giving him the answer?". (Schweinle

et al. 2006).
3.7.6. Making the content relevant.

Another property expressed in the literature about flow is that students experience
more intrinsic motivation and flow in activities or tasks that have content relevance
for them (Chan & Ahern, 1999). Students should feel that the topics and content they
will learn are suitable for their interests and developmental level, and they should have
fun while learning these topics. Therefore, RME was used for the design of the
activities and instruction that attract the attention of the students in the experimental
group and make them feel that the content they would learn was important. The core
principles of teaching (activity, reality, and level) proposed by the RME have also been

highlighted in the literature as appropriate to achieve this (Middleton, 1995).
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Therefore, the experimental group students learned mathematical concepts through
hands-on activities, by doing and rediscovering mathematics. They were presented
with real or as if real problems in activities, and they were asked to produce solutions
appropriate to their levels (Heuvel-Panhuizen & Drijvers, 2014). Due to the age and
development level of the subjects under study, elementary fifth grade students love
playing, like to move, need to communicate with friends, have fun, and are interested
in technological tools and equipment. Therefore, several materials and technological
tools were employed in order to attract students' attention in the lessons. In the teaching
of students in the elementary school period, especially play-like learning activities
have a great importance, and Flow Theory has made a great contribution to the design
of the teaching activities as play-like (Block, 1984). Experimental group students were
applied activities as playing games in which they should be physically active, test and
increase their abilities, explore experiences, at the same time, for them to learn while
having fun and to provide intrinsic motivation (Engeser & Schiepe-Tiska, 2012). It
was thought that the play settings for flow activities would be effective in ensuring
that the students participate voluntarily, feel exciting and find personally meaningful.
For this reason, while preparing the instructional design, attention has been paid to
include activities that meet such needs.

3.8. Preparatory Work in the Experimental Group Before the Application

In order to help students in the experimental group adapt to the mathematics instruction
based on Flow Theory, gain experience, and apply the mentioned principles effectively
and accurately, the experimental group was taught based on Flow Theory principles
for two weeks before the actual experimental application started. During this
adaptation practice, the students' questions were answered by the researcher, and they
were informed in detail about how mathematics lessons to be conducted, the roles of

the teacher and students, and the properties of the activities to be done.

First, considering that the students had never participated in group study before,
practical training was given on issues such as what group study is, how it should be
done, cooperation in the group, division of labor, giving feedback, and discussion. In

addition, it was stated that the students can control the work they do in the group as
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they wish, and they can determine the subjects such as division of labor, task
distribution and process steps within the group. They were reminded that they will
have complete autonomy to express their opinions in any discussion environment in
the classroom and will not be subjected to any penalty or low grade for their
incomplete or incorrect answers. On the contrary, it was stated that other students in
the class should always support each other in order to complete or correct these wrong
and incomplete answers. Thus, it was aimed for the students to participate in the lesson

according to their own wishes instead of rewards and punishments.
3.9. Teacher Training in the Experimental Group

Since the teaching based on Flow Theory will be carried out by the same teacher who
teaches the mathematics lessons of the experimental and control groups, necessary
information was given to the teacher before the application. She was reminded that she
should not talk about the experiment in the control group, and two groups should not
interact as much as possible during the experimental process. Before the application,
information was shared about the principles of Flow Theory, implementation of RME,
the points to be considered in the application of these principles, the studies about Flow
Theory, the classroom environment in instruction based on Flow Theory, the roles of
students and teacher, the characteristics of teaching activities and materials to be used,
and some details of the experimental study to be carried out. This information sharing
lasted about three weeks, and the teacher and the researcher came together frequently
during this process and held meetings about the study. The prepared activities and
teaching materials were shared with the teacher, and the teacher was asked to give
feedback about them. The final form was determined by making the necessary changes
(duration, order, content, etc.) of the activities in line with the feedback and corrections
given by the teacher. It was reminded that the teacher could apply to the researcher
whenever she was curious or asked for help both before and during the application,
and the researcher provided the necessary guidance in this regard.

3.10. Instruction in Control Group

Before the application of experimental process, the instruction of teacher in the control
group was observed by the researcher for two weeks. The purpose of these
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observations is to see how the teacher teaches in the control group, what methods and
techniques she used. Apart from this, the researcher did not intervene in the control
group, and tried to prevent interaction between the experimental and control groups as
much as possible. The researcher came together with the control group students only

in the pretest, posttest and retention test applications of the data collection tools.

In the control group, it was observed that the lessons were taught in line with the
subjects and objectives in the fifth grade Mathematics Curriculum approved by MoNE
(2017). However, although the basic skills accepted in the curriculum are suitable for
constructivist approach, the method used by the teacher did not go beyond the
traditional method for the most part. Thus, the teacher has never used group studies or
cooperative learning activities, and concrete materials. In this group, the teacher used
only teacher-centered methods, such as lecturing, question and answer. Immediately
after the lecture of the subject, exercises were performed by using the question and
answer technique by reflecting the questions from the book on the smart board. The
students wrote down what the teacher said during the lecture in their notebooks, and
each student tried to solve the questions individually during the question and answer
phase. Then, they were given a certain amount of time to solve each question.
Afterwards, the teacher wanted them to show the solution on the board by choosing
randomly one of the students who wanted to solve the question. After the correct
answer was marked by the student, other students were transferring the solution of the
question to their notebooks. After the solution of each question, the teacher moved to
the next questions and this process was repeated until the end of the lesson.

During the lectures and exercises about the mathematics topics, it was observed that
the students were constantly competing with each other for purposes such as finding
the result in the fastest way, writing the solution by getting up to the board and then
gaining the teacher's appreciation. In addition, while the teacher expressed the points
which she thought to be important, she tried to motivate the students to listen to the
lesson by means of external motivation. It was also observed that she rewarded
students who answered some difficult questions correctly with a plus or a star.
Additionally, there was mostly silence in the classroom, and students were not allowed

to speak unnecessarily and disrupt the atmosphere of the lesson by giving penalties
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such as not allowing them to stand up to solve the next question or getting a minus.
Students were only allowed to talk and ask questions about subjects they did not
understand. They could reach the teacher about the subject they did not understand
during or after the lesson. Therefore, students seemed to avoid helping and interacting
with each other until the correct result was shared on the board. Also, the number of
students who were able to solve the questions was generally less than half of the class,
and the others were just busy writing the solutions written on the board. It was
observed that the teacher tried to solve as many questions as possible in a class hour.
The questions that were not solved within one lesson hour were given to the students
as homework, and they were checked in the next lesson.

3.11. Data Collection Procedures

For the purpose of study, the researcher prepared an instruction. The experimental
group was taught with instruction designed in accordance with Flow Theory and
enhanced with RME from the beginning to the end of the experimental process, while
the control group were not given any intervention and learned the same units and

objectives in the curriculum approved by MoNE.

The instruction to be applied covered two learning areas (Numbers and Operations,
Geometry and Measurement) which included five topics (Percentages, Basic
Geometric Concepts and Drawings, Triangles and Quadrilaterals, Measurement of
Length and Time, Measurement of Area) of the fifth-grade mathematics curriculum in
the spring semester of academic year 2017-2018. The instruction included play-like
activities integrated with real-life examples in which flow was intensively observed
such as cooperative learning, immediate feedback, technology supported applications
and soft-ware, and concrete materials as proposed by Flow Theory and RME approach.
Before the instruction to be applied, the teacher was informed about the Flow Theory,
its principles and effects, and how to conduct instruction in experimental group.
Several research and presentations were shared with the teacher, in order to provide

understanding about Flow Theory.

When deciding the experimental and control groups, MMS, FSS and MT were applied
as pretest at the beginning of the second semester, in order to compare their
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equivalency. For this purpose, pretest scores of three data collection tools were
analyzed through independent samples t-test. The t-test results showed that the groups

did not statistically differ. Therefore, one of the classes was randomly assigned as the

experimental group, while the other as control group.

Table 3.16

Data Collection Procedures

. Groups

Duties Weeks -
Experimental Control

Control of Equivalency of MMS, FSS, MMS, FSS,
the Groups 05-09.02.2018 MT MT

s Diaries,
Topicl: Percentages 12-16.02.2018 Observation -

. Diaries, i
Topicl: Percentages 19-23.02.2018 Observation
Topic 2: Basic Geometric Diaries, i
Concepts and Drawings 26.02-02.03.2018 Observation
Topic 2: Basic Geometric Diaries,
Concepts and Drawings 05-09.03.2018 Observation i
Topic 2: Basic Geometric Diaries, i
Concepts and Drawings 12-16.03.2018 Observation
Topic 3: Triangles and i Diaries, )
Quadrilaterals 19-23.03.2018 Observation
Topic 3: Triangles and i Diaries, i
Quadrilaterals 26-30.03.2018 Observation
Topic 4: Measurement of Diaries,
Length and Time 02-06.04.2018 Observation i
Topic 4: Measurement of Diaries,
Length and Time 09-13.04.2018 Observation )
Topic 5: Measurement of 16-20.04.2018 Dlarles_, i
Area Observation
Topic 5: Measurement of 93-97 04.2018 Dlarles_, i
Area Observation

MMS, FSS, MMS, FSS,

Posttests 30.04-11.05.2018 MT MT
Student Interviews 28.05-01.06.2018 Interview Form -
Retention Test 17-28.09.2018 MT MT
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3.12. Steps of Experimental Process and Data Collection

The experimental process steps of the research and the steps followed in the data

collection process were as follows:

1. Considering the objectives of related learning areas in the fifth grade Mathematics
Curriculum (MoNE, 2017), an instructional design was prepared in accordance
with the principles of Flow Theory and by making use of RME.

2. Within the scope of this design, daily lesson plans and activities to be implemented

in a total of 11 weeks were prepared.

3. The instructional design prepared was asked for expert opinions (two experts from
Curriculum and Instruction Department, one expert from Elementary Education
Department, one expert from Computer and Instructional Technologies
Department, and three elementary mathematics teachers), and necessary

arrangements were made in line with expert opinions.

4. Mathematics Test was developed by the researcher, which included the objectives
in the curriculum, and the final form was prepared as a result of expert opinions

and pilot tests.

5. The school where the experiment was conducted and the mathematics teacher who
carried out the mathematics lessons were determined, and the necessary legal
permissions were obtained from METU Human Subjects Ethical Committee, Izmir

Provincial Directorate of National Education, and school administration.

6. Meetings were held for the necessary information and sharing, and course
materials and activities were introduced to the teacher who will carry out the

experiment.

7. Data collection tools (MT, FSS and MMS) were applied simultaneously to the two
fifth-grade classes in which the same teacher carried out their mathematics courses.
Accordingly, it was determined that both groups were equivalent to each other in
terms of measured variables, and the groups were randomly assigned as

experimental and control group.
104



8. Before the experimental process started, two weeks of adaptation was applied to
the experimental group students in order to adapt to the teaching in accordance
with the Flow Theory and RME.

9. The experimental application lasted 11 weeks in total. While no intervention was
made to the control group in this process, the instruction applied in the

experimental group was observed by the researcher.

10. Measurement tools were applied to both experimental and control groups as a
posttest immediately after the experimental application was completed.
Considering the scores of the experimental group in the achievement test, ten
students (with upper, middle and lower academic achievement) were determined,

and face-to-face interviews were conducted with these students.

11. Four months after the posttests, Mathematics Test was applied to the experimental

and control group students as retention test.
3.13. Data Analysis

In this section, the analysis process of quantitative and qualitative data is mentioned

separately.
3.13.1. Quantitative data analysis.

In this study, various data analysis techniques were conducted in order to answer
research questions. Pretest data obtained from MT, FSS and MMS were analyzed with
independent samples t-test to determine whether the groups were equivalent before the
experiment. The descriptive statistics were used to give information about the
experimental and control group on achievement, flow state and motivation in

mathematics.

Later, in order to answer the first research question, a 3 (pretest, posttest and retention
test) x 2 (Groups) Mixed Between-Within Subjects of Analysis of VVariance (ANOVA)
with repeated measures was conducted for the Mathematics Test scores, at the level of

significance p = .05.

105



To answer the second and third research questions, a 2 (Pretest and Posttest) x 2
(Groups) Mixed Between-Within Subjects of Analysis of Variance (ANOVA) with
repeated measures were conducted, at the level of significance p = .05. In order to
explain some significance values that emerged in the ANOVAs, t-tests for paired
samples and independent samples were conducted. Statistical Package for Social
Sciences (SPSS) 25.0 was used to analyze gquantitative data.

Mixed design of ANOVA is one of the appropriate statistical tests when you have a
mixture of between-group and repeated-measures variables (Field, 2013). Mixed
ANOVA analysis involves obtaining data for the same variable at different times, from
subjects in different groups, and tests the between-subjects, within-subjects and the
interaction of both variables, to investigate whether the effect of testing time within
each group differs (Tabachnick & Fidell, 2013; Tolmie, Muijs & McAteer, 2011).

3.13.2. Qualitative data analysis.

In qualitative research methods, the steps such as collection and analysis of data,
reporting of results are not independent from each other, but they are conducted
simultaneously (Creswell, 2013). In addition, the analysis of qualitative data, unlike in
quantitative approach, requires going back and forth in the data set, and possible
coding schemes come into play from the beginning of data collection, and this process
goes on until the end of coding and analysis of the entire data set (Braun & Clarke,
2006). There are no clear and agreed-upon terms to describe the diversity and
processes in qualitative analysis (Patton, 2014/2002). Analyzing qualitative data is a
creative process and not as precise as in quantitative research. The patterns and themes
to be found among the data are based on the researcher's interpretation and how he
organizes them (Yurdakul, 2004).

In this study, the qualitative data obtained from semi-structured interviews,
observations, and students’ diaries were analyzed through Thematic Analysis
approach. Braun and Clarke (2006, p.6) define thematic analysis as “a method for
identifying, analyzing, and reporting patterns (themes) within data”. One of the most
distinctive and useful characteristics of thematic analysis is that it has flexible
structure, since it adapts to both essentialist and constructionist paradigms. Thus,
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thematic analysis provides a research tool for the researcher to interpret the data in a
rich and detailed way (Braun & Clarke, 2006).

In this study, both deductive and inductive thematic analysis types were conducted for
the analysis of data. In deductive or theoretical thematic analysis, the data are handled
with themes and patterns that are compatible with the theoretical framework of Flow
Theory, the effect of which is examined in the study, while in inductive analysis, it is
aimed to discover new patterns, themes and categories within the data (Patton,
2014/2002). In the theoretical thematic analysis process, the researcher focused more
on some aspects of the obtained data set, while in the inductive analysis, he made an
in-depth and rich description of the entire data set (Braun & Clarke, 2006).

In the analysis of qualitative data with thematic approach, the six-step framework
proposed by Braun and Clarke (2006, p.16-23) was used. These steps are defined in

the following paragraphs.
3.13.2.1. Familiarizing with data.

In qualitative research, it is very important for the researchers to recognize the data
and be familiar with the context during the analysis process (Braun & Clarke, 2006).
In order to ensure data immersion, it is recommended that both the data collection and
the data transcription process be done by the researcher himself (Celik, Baser Baykal,
& Kilig Memur, 2020). Therefore, the researcher took part in all data collection
procedures. In addition, the researcher organized data by grouping observation notes
taken in the classroom and the students’ diaries on a weekly basis. Afterwards, the
researcher transcribed and bring together all data obtained from the observation notes,
students’ diaries, and semi-structured interview records, by converting them to
computer documents (Creswell, 2013). After transferring all the data to the computer

documents, the researcher carefully read the whole data several times.
3.13.2.2. Generating initial codes.

Before starting to generate the initial codes, the researcher prepared a starting list of
what is generally mentioned in the qualitative data content. After the first list of ideas

was prepared, the researcher started to create the codes by determining the information
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and concepts that were meaningful to him about the subject he studied. Since both
deductive and inductive analysis are used in data analysis, in the initial coding phase,
firstly, data-driven coding was conducted, then the data were coded according to the
literature, and they were aggregated in a code book. Afterwards, the code book,
definitions and examples of the codes, and data document were shared with another
researcher in the field of educational sciences, who had knowledge and experience
about qualitative research and conducted this approach in her doctoral dissertation.
Two researchers discussed on the codes, similarities and differences between their

thoughts, and revised the code book.

O'Connor and Joffe (2020) stated that a minimum 10% of all data should be encoded
by the second encoder. Accordingly, the second coder randomly coded the data from
each qualitative data type (observation, interview and students’ diaries). The inter-
coder reliability (ICR) ratio was calculated based on the coding made by both
encoders, using the formula proposed by Miles and Huberman (1994):

number of agreements

reliability =
number of agreements + disagreement
As aresult, it was determined that there was 83% agreement between the two encoders.
Since it was stated that the ICR with a rate of 80% and above was sufficient (Miles &
Huberman, 1994), the study was continued with this code list.

3.13.2.3. Searching for themes.

In this step, the researcher aimed to group the codes under possible themes by
reanalyzing them. Themes consist of codes that have similar properties and reflect a
main idea in qualitative data analysis (Creswell, 2013). While combining different
codes under possible themes, thematic maps were used (Braun & Clarke, 2006). In
this step, the definitions and grouping the basic principles of Flow Theory as
antecedents and outcomes made by Csikszentmihalyi, Latter and Duranso (2017) were

used in the determining of codes and themes.
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3.13.2.4. Reviewing themes.

At this stage, the researcher re-examined the identified possible themes and decided
that some themes should be combined, and some should be included as sub-themes
under other themes. This procedure allows the researcher to organize and simplify the
themes and codes to be analyzed. Some data that do not belong to any theme were
removed from the analysis (Braun & Clarke, 2006). According to Miles and Huberman
(1994), data reduction contributes to the emergence of research results by sharpening,
extracting, and organizing data. The researcher continued to review the themes until

he arrived at a satisfactory thematic map that reflected the dataset.
3.13.2.5. Defining and naming themes.

In this step, the researcher defined which dimension of the data set each theme and
sub-themes reflected. Then, short, concise, remarkable and understandable names for
these themes were determined. In addition, it was checked whether the themes and
sub-themes overlap each other, and the data represented by the themes were analyzed
(Braun & Clarke, 2006). Based on Miles and Huberman's (1994) view that each theme
should be homogeneous in itself and other themes need to be separate from each other,

this situation was checked for all themes and sub-themes.
3.13.2.6. Producing the report.

In the last step, the researcher completed the final analysis and reported the results.
The determined themes and sub-themes were explained in a clear, understandable and
consistent manner. In the report, direct quotations are included in order to reveal the
evidence regarding the themes. In the reporting of the findings, quotations of the
students at different levels of achievement and results obtained from different data

sources were included.
3.14. Internal Validity

The internal validity indicates that any relationship observed between several variables
need to be clear as to what it means rather than being due to something else (Fraenkel

& Wallen, 2006). Possible threats to internal validity and possible precautions for them
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will be mentioned briefly. In terms of the design for this study, possible threats can be
subjects’ characteristics, mortality, location, history, data collector characteristics,

data collector bias, and implementation.

Subject characteristics threat refers that the selection of people for a study may result
in the individuals differing from one another in unintended ways that are related to the
variables to be studied (Fraenkel & Wallen, 2006). In this study, participants’ previous
achievement, and motivation in mathematics can be the variables which can affect the
results. Therefore, the researcher compared the students’ pretest scores of the scales
and achievement test, in order to decide whether the control and experimental groups
differ significantly.

Loss of subjects means that “for one reason or another such as illness, family relocation
etc. some individuals may drop out of the study. The best solution to the problem of
mortality is to do one’s best to prevent or minimize the loss of subjects” (Fraenkel &
Wallen, 2006). However, the mortality is said to be the most difficult threat to control.
Since all participants completed the process without any lost, this threat was

controlled.

Location threat occurs if the particular locations where data are collected create
alternative explanations for the results (Fraenkel & Wallen, 2006). However, in this

study, data was collected in the same school environment and similar classrooms.

Similarly, history refers to events that happen during the course of the study that can
influence the results (Fraenkel & Wallen, 2006). Since all of the data collection tools
was administered to the groups at the same time, this threat was able to controlled by

the researcher.

In this study, while data were collected from the students in the experimental and
control groups, the researcher took part in the classroom, observed the data collection
conditions and procedures. Hence, threats such as data collector characteristics and
data collector bias were controlled in this way.

Implementation threat may occur when different individuals are assigned to implement

different methods, or when some individuals have a personal bias in favor of one
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method over the other (Fraenkel & Wallen, 2006). In this study, both experimental and
control groups was taught by the same teacher and the teacher was trained before the

implementation, which might help to control this threat.
3.15. Trustworthiness

In qualitative research, validity is defined as the researcher's observation of the
phenomenon he is examining as it is and as unbiased as possible (Kirk & Miller, 1986).
In qualitative research, some additional methods are used to confirm the data obtained
and the related results in order to form a holistic picture about a phenomenon (Yildirim
& Simsek, 2011). Lincoln and Guba (1985) suggested credibility, transferability,
dependability, and confirmability strategies to increase trustworthiness of a qualitative

research.

In the current study, some of the strategies applied to ensure credibility are long-term
interaction with the subjects of the study, in-depth data collection, triangulation, expert
review, and member checking. First of all, the researcher was in the classroom
environment from the pilot application before the experimental process begins until
the end of the study and observed all the teaching activities carried out. Providing long-
term interaction with data sources and extending the data collection process over a
long period of time in parallel with the study strengthened the credibility of the
research data. In this way, the initial effect of the researcher on the students and the
environment was reduced, by increasing the time spent in the observed environment
(Yildirm & Simsek, 2011).

The researcher, who made observations in the classroom throughout the study, had the
chance to make sense of the events and phenomena in terms of the research question
and to reveal the relationships as a whole. In addition, the study included both method
triangulation and researcher triangulation, since different data collection tools such as
observation, interview, student diaries, achievement test and other scales were used,
and there was a second encoder (Creswell, 2015). In the process of analyzing the data
obtained in the study, opinions and feedback were received from an experienced expert
in qualitative research at all steps from the generating the initial codes to the reporting
of the results. Finally, right after the interviews, the researcher shared a summary of
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the interview with the interviewees for the member checking, in line with the data he
collected and asked whether they were understood correctly or not (Erlandson, Harris,
Skipper, & Allen, 1993; Maxwell, 1996). The participants had the opportunity to
express the thoughts they wanted to add or correct in this way (Yildirim & Simsek,
2011).

Another strategy used to ensure the trustworthiness of the research is transferability.
Erlandson et al. (1993) recommend two methods for ensuring the transferability.
Accordingly, the researcher described the participants, setting and obtained data in
detail and conveyed the codes and themes that emerged without adding comments.
Thus, the trustworthiness of the results was increased by presenting direct quotations
for the codes obtained (Yildirnm & Simsek, 2011). In addition, the use of purposive
sampling methods in determining the participants with whom the interviews will be

conducted is considered important in terms of transferability (Maxwell, 1996).

Measures that can be taken to ensure dependability include keeping the raw data of the
research and recording the interviews to prevent data loss (Maxwell, 1996).
Additionally, the researcher was as consistent as possible at all stages of the study,
such as the preparation of data collection tools, collection of data, analysis and
interpretation. For this reason, the researcher himself took part in the classroom during
the guantitative data collection process and made the necessary explanations to the
experimental and control group students. In addition, in the process of obtaining
qualitative data, attention was paid to processes such as asking all interview questions
in a similar way to the interviewees and focusing on similar points by using the
observation frame. Moreover, the researcher identified each step in the study clearly,
presented a sample lesson plan in the appendix for other researchers who might apply
in other school settings, in order to enhance the dependability of the results.
Explanations such as what the teacher should pay attention to in Flow Theory-based
mathematics teaching and its role in the classroom, how communication between
students and learner control should be provided are presented in detail in the study.
Hence, the other researchers can apply similar studies in different context (Erlandson
etal., 1993).
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Finally, in order to ensure confirmability, the researcher continuously confirmed the
results obtained from the data analysis with the collected data, providing the reader
with a logical explanation without any bias (Yildirnm & Simsek, 2011). Additionally,
the role of the researcher was defined in the research. Literature related to the data is

presented in the research report.
3.15. The Role of the Researcher

As it can be understood from the above-mentioned issues about how measures are
taken regarding the validity and reliability threats of the research, it is thought that the
researcher's position, competencies, personal values, assumptions, and prejudices
throughout the process are especially important in terms of reliability. For this reason,
it would be appropriate to explain how the researcher undertakes in the process from

the planning of the research to the end of reporting.

The researcher completed his undergraduate education in the field of Elementary
Mathematics Education department and received his master's degree in the field of
Curriculum and Instruction. In this study, a deep literature review was made about the
Flow Theory and RME approaches used in the design of the instruction. Afterwards,
an eleven-week instructional design based on these approaches was prepared for the
fifth-grade mathematics course by the researcher. The researcher informed the teacher,
who implemented the instructional design, about the principles of Flow Theory,
implementation of RME, the points to be considered in the application of these
principles, the studies about Flow Theory, the classroom environment in instruction
based on Flow Theory and RME, the roles of students and teacher, the characteristics
of teaching activities and materials to be used, and some details of the experimental
study to be carried out. Additionally, the Mathematics Test applied to determine
mathematics achievement and retention of the fifth-grade students, interview form and

observation frame were also prepared by the researcher.

In addition, the researcher has taken part in the trial application of the mathematics
instruction for two weeks, before the experimental process started. During the study,
the researcher followed the mathematics lessons as a non-participant observer and
observed the teaching activities carried out in the classroom using the observation form
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and taking notes. Pretest, posttest, and retention test applications of quantitative data
collection tools to the experimental and control groups were conducted by the
researcher. In addition, semi-structured interviews with ten students from the
experimental group were conducted and recorded by the researcher. It can be said that
the participants were quite comfortable while collecting data about the process and
conducting interviews at the end of the process. This is important to ensure that they
respond honestly and sincerely to the questions posed to them. One of the main reasons
for this might be that the researcher has been involved in the teaching environment

from the very beginning.

Finally, the researcher analyzed all the quantitative and qualitative data, and reported
results. Especially when reporting qualitative findings, tables are given to show from
which data source the data were obtained, and frequency values are presented
separately for each data source. The researcher kept all the raw data he obtained to
resolve ethical issues. These raw data include the diaries kept by the students in their
own handwriting, the observation notes made during the lesson, the audio recordings

of the interviews, and the documents of the quantitative data.
3.16. Limitations

1. This study was limited to fifth-grade students in a state elementary school in izmir
province, during the spring semester of the 2017-2018 academic year. As the
sample size was limited with two classrooms with 73 students, the results cannot

be generalized to other contexts.

2. The data was collected only from two learning areas (Numbers and Operations,
Geometry and Measurement) which included five topics (Percentages, Basic
Geometric Concepts and Drawings, Triangles and Quadrilaterals, Measurement of

Length and Time, Measurement of Area).

3. The students in either control or experimental group may not respond to the

measurement tools sincerely and honestly.

4. The principles of Flow Theory, the characteristics of the instruction designed based

on Flow Theory principles and RME were shared with the teacher in detail. Even
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so, it could be a possibility that the teacher did not understand the theory

sufficiently.

In the experimental group, students participated group work for the first time.
Although there was a two-week adaptation practice for the students, they might
have felt uncomfortable during the activities since they were not accustomed to

such instruction.

Teaching in the experimental and control groups was carried out by the same
teacher. Although the teacher was reminded before the experiment that there
should be as little interaction as possible between the experimental and control
groups and that she should not mention the teaching in the experimental group in
the control group, the teacher might still have transferred the experience she had

in the experimental group to the other group.
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CHAPTER IV

RESULTS

The purpose of the study was to investigate the effects of the instruction designed
based on Flow Theory principles on elementary fifth grade students’ mathematics
achievement, retention, flow states in mathematics course, and motivation towards
mathematics; and to explore the opinions of students about the instruction. According
to the research questions, this chapter will cover firstly quantitative results which were
obtained from Mathematics Test (MT), Flow State Scale (FSS) and Mathematics
Motivation Scale (MMS) respectively; then qualitative results which were obtained
from semi-structured interviews, classroom observations and student diaries about the

instruction.

4.1. The Results About the Effect of Instruction on Mathematics Achievement

and Retention

The purpose of the first research question was to investigate whether there exists a
significant difference between the immediate and retained Mathematics Test scores of

the experimental and control group students.

The descriptive statistics of the pretest, posttest and retention test scores of the MT

were presented in Table 4.1 below.
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Table 4.1

Descriptive Statistics of Pretest, Posttest and Retention Test in Mathematics

Groups Time N M SD Min. Max. Range Skew. Kurtosis

Pretest 37 3934 1529 556 77.78 7222 375 .614

Experimental
Posttest 37 64.56 19.39 27.78 100.00 7222 .087 -.755

Group .

Retention 37 68.62 19.52 33.33 100.00 66.67 -.074 -.904

Pretest 36 3843 17.03 556 77.78 7222 411 -.013
Control

Posttest 36 6111 21.25 16.67 100.00 83.33 -.117 -.752
Group

Retention 36 58.64 19.81 2222 9444 7222 -029 -.728

According to Table 4.1, the minimum scores received by the experimental group were
5.56 for the pretest, 27.78 for the posttest, and 33.33 for the retention test. Similarly,
the minimum scores received by the control group were 5.56 for the pretest, 16.67 for
the posttest, and 22.22 for the retention test. While the maximum scores of the
experimental group from the pretest, posttest and follow-up test were 77.78, 100.00
and 100.00, respectively, these scores for the control group were 77.78, 100.00 and
94.44, respectively.

In order to demonstrate the location and distribution of the MT scores, the boxplot was
used. The box represents the middle 50% (those between 25th and 75th percentiles) of
the cases (Morgan, Leech, Gloeckner & Barret, 2007). The maximum scores in both
experimental and control group were higher than the median score. The range of the
experimental group means for the pretest was the same as that of the control group.
The posttest mean scores were slightly higher in the experimental group comparing to
the control group. While the range of the posttest scores of the experimental group
remained the same, the range of the posttest scores of the control group increased.
Comparing the posttest scores, the range of the retention test scores decreased for both
experimental and control groups. Figure 4.1. demonstrates the clustered boxplot of the
PREMAT, POSTMAT and RETMAT for the experimental and control groups.
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Figure 4.1. Boxplot of PREMAT, POSTMAT and RETMAT.

A Mixed Between-Within Subjects of ANOVA with Repeated Measures was
conducted to the Mathematics Test scores of the experimental and control group
students in order to examine whether there were group and time differences in the
MAT scores.

Before conducting the mixed ANOVA, the assumptions which consisted of normal
distribution of the dependent variables, equality of error variances and equivalence of
population covariance matrices were tested for the mathematics scores. Since the
dependent data comprise the within subjects or repeated measures factor, the
independence of observations assumption was ignored (Leech, et al., 2008).

Normal distribution of the dependent variables: In order to check the normality

assumption, Skewness and Kurtosis values, histograms, Q-Q plots, Kolmogorov-

Smirnov and Shapiro-Wilk tests were taken into consideration (Field, 2013). As seen

in Table 4.1, the skewness and kurtosis values of both experimental and control group

were between -1 and +1 for all three mathematics test scores (pre-, post- and retention
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test). Q-Q plots also showed the normality of distributions as the plots were around
the line, and they were not scattered too much from the line. Moreover, visually the
distributions were seen approximately normal from the histograms. Finally, the results
of the Kolmogorov-Smirnov and Shapiro-Wilk tests were non-significant for both
experimental and control groups on post- and retention scores, but for the pretest
scores only Shapiro-Wilk tests showed non-significant results. As Field (2013) stated
that this result could be affected by sample size. However, Shapiro, Wilk and Chen
(1968) investigated that with sample sizes between 10 to 50, the combination of
skewness and kurtosis coefficients and the test of Shapiro-Wilk had the most powerful
detection of departures from normality. Hence, it can be said that data showed normal

distribution for both groups on three achievement tests.

The assumption of sphericity: The sphericity assumption must hold for levels of the
within subjects variable at each level of between subjects variables. This assumption
was tested using SPSS with Mauchly’s test. The test result indicated that the
assumption of sphericity had been violated for the main effect of time, W = .688,
¥*(2)=26.21, p <.001. Therefore, degrees of freedom was corrected using Greenhose-
Geisser estimates of sphericity, € = .76 for the main effect of time (Tabachnick &
Fidell, 2013).

Homogeneity of variance-covariance matrices: This assumption was tested using
Box’s M statistic. It should be accepted as indicating a problem only if it shows a
significant departure from homogeneity at p =.001 or less (Tolmie, Muijs & McAteer,
2011). Since Box’s M returned a p-value that is more than .001, there are no significant
differences between variance-covariance matrices. Hence, the assumption is not

violated.

Table 4.2 presents the results for the first research problem which indicates the change
between the pretest, posttest and retention test of mathematics scores of experimental

and control groups, taking time into consideration.
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Table 4.2

ANOVA Results for PREMAT, POSTMAT and RETMAT Scores

Source SS df MS F p n?

Between Subjects

Group 1251.328 1 1251.328 1.422 237 .020

Error 62478.026 71 879.972

Within Subjects

Time (PREMAT,
POSTMAT and 28876.464 1524  18947.828  159.206  .000 .692
RETMAT)

Group*Time 797.655 1.524 523.396 4.398 .023 .058

Error (Time) 12877.862 108.204 119.015

Results of mixed ANOVA indicated a significant main effect of time, F (1.524,
108.204) = 159.206, p = .000. According to Cohen (1988), this effect was much larger
than typical n2= .69, since the indicators were defined as if 2 > .010 the effect is small
or smaller than typical, if n? > .057 the effect is medium or typical, if n? > .136 the
effect is large or larger than typical, if n? > .202 the effect is much larger than typical
(Cohen, 1988; Leech et al., 2008: p.81). However, results of Mixed ANOVA indicated
that the main effect for group was statistically non-significant F (1, 71) = 1.422, p =
.24. Moreover, the results of mixed ANOVA indicated that group interacted in some
way with the three different testing times of mathematics. There was a significant
interaction between the time of the test and the group of the subjects, F (1.524,
108.204) = 4.398, p < .05. According to Cohen (1988), this effect was medium or
typical as n?=.058. This effect tells us that scores of subjects in three different testing
times (pre-, post- and retention test) were different for experimental and control

groups.
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As the main effect of time was found significant, there was a need to examine the
underlying factors of this difference. Table 4.3 shows the pairwise comparisons for the

main effect of time corrected using a Bonferroni adjustment.

Table 4.3

Pairwise Comparisons for the Main Effect of Time

Group Time Time Mean Difference SE Sig.
a PREMAT  POSTMAT -25,225* 2,409 ,000
(% RETMAT -29,279* 2,587 ,000
s POSTMAT PREMAT 25,225* 2,409 ,000
g’ RETMAT -4,054* 1,487 ,024
Z.’_ RETMAT  PREMAT 29,279* 2,587 ,000
H POSTMAT 4,054* 1,487 ,024

PREMAT POSTMAT -22,685* 2,442 ,000

S RETMAT -20,216* 2,623 ,000
(% POSTMAT PREMAT 22,685* 2,442 ,000
c_:é RETMAT 2,469 1,507 ,318
3 RETMAT PREMAT 20,216* 2,623 ,000
POSTMAT -2,469 1,507 ,318

According to Table 4.3, the significant main effect of time reflects for the experimental
group that the difference between the pretest and posttest (p < .001); posttest and
retention test (p < .05); and pretest and retention test (p < .001) mathematics scores
were statistically significant. In addition, the significant main effect of time reflects
for the control group that the difference between the pretest and posttest (p < .001);
pretest and retention test (p < .001) mathematics scores were also significant.
However, there was no significant difference between posttest and retention test (p >
.05) mathematics scores of control group. This seems to indicate that Flow Theory-

based instruction had an effect on mathematics scores of experimental group on
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posttest and retention test; but instruction applied in control group had significant
effect only on posttest mathematics scores. The mean scores of the experimental and
control groups across three testing times (pre-, post- and retention test) can be seen in

the Figure 4.2 below.
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Figure 4.2. PREMAT, POSTMAT and RETMAT scores of the groups.

According to the Figure 4.2, the experimental and control group have very similar
scores on the pretest. Both groups increased their mathematics scores substantially
from pretest to posttest, but experimental group increased their posttest scores slightly
more than the control group. However, the experimental group continued to increase
their scores in the retention test albeit with less slope, while the control group
decreased minimally its score on retention test. This interaction can be clarified using

the contrasts specified before the analysis:

The first interaction term looks at PREMAT and POSTMAT, comparing the scores of
experimental and control groups. This contrast is non-significant, F (1,71) = .548, p >
.05, which indicates that the scores taken from POSTMAT compared to PREMAT by
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the experimental group students did not significantly differ from the control group

students’ scores.

The second interaction term looks at POSTMAT and RETMAT, comparing the scores
of experimental and control groups. This contrast is significant, F(1,71) = 9.491, p <
.05, which indicates that the scores taken from RETMAT compared to POSTMAT by
the experimental group are significantly higher than the scores of the control group.
As seen in the Figure 4.2, the direction of the line between the POSTMAT and
RETMAT of the two groups are different. It can be concluded that the mathematics
retention test scores (RETMAT) compared to posttest scores (POSTMAT) are greater
for the experimental group than the control group.

4.2. The Results About the Effect of Instruction on Flow State in

Mathematics

The purpose of the second research question was to investigate whether there exists a
significant difference between the immediate Flow State Scale (FSS) scores of the
experimental and control group students. The scores related to subdimensions Flow
(FSD), Boredom (BSD) and Anxiety (ASD) were analyzed separately.

A 2 (Time) x 2 (Group) Mixed Between-Within Subjects of ANOVA with Repeated
Measures (Split-Plot ANOVA) was conducted to the subdimensions of Flow State
Scale scores of the experimental and control group students in order to examine

whether there were group and time differences between the (FSS) scores.

Before conducting the mixed ANOVAs, the assumptions which consisted of normal
distribution of the dependent variables, equality of error variances and equivalence of
population covariance matrices were tested for the FSS scores. Since the dependent
data comprise the within subjects or repeated measures factor, the independence of

observations assumption was ignored (Leech et al., 2008).

Normal distribution of the dependent variables: In order to check the normality
assumption for all subdimensions (flow, boredom and anxiety), the Skewness and
Kurtosis values, Kolmogorov-Smirnov and Shapiro-Wilk tests, histograms and Q-Q

plots, were taken into consideration separately (Field, 2013).
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The assumption of sphericity: The sphericity assumption must hold for levels of the
within subjects variable at each level of between subjects variables. However, for the
2x2 mixed ANOVA, since there is only one pair of levels for a within-subjects factor,
the sphericity assumption was not violated (Leech, Barrett & Morgan, 2008).
Therefore, there is no need to check the sphericity assumption in these analyses
(Tabachnick & Fidell, 2013).

Homogeneity of variance-covariance matrices: This assumption was tested using
Box’s M statistic, for all subdimensions separately. It should be accepted as indicating
a problem only if it shows a significant departure from homogeneity at p = .001 or less
(Tolmie, Muijs, & McAteer, 2011).

4.2.1. The results about the effect of instruction on flow subdimension.

The research problem 2-a investigated whether there is a significant difference
between Posttest Flow Subdimension scores of the experimental and control group
students. The descriptive statistics of the pretest and posttest scores of FSD were

provided in Table 4.4 below.

Table 4.4

Descriptive Statistics of the FSD Scores on Pretest and Posttest

Groups Time N M SD  Min. Max. Range Skewness Kurtosis
. PREFSD 37 16.05 215 12.00 20.00 8.0 104 -.764
Experimental
POSTFSD 37 17.65 225 13.00 20.00 7.0 -.600 -.875
Control PREFSD 36 15.67 2.34 10.00 20.00 10.0 -.350 -.109
POSTFSD 36 16.31 2.68 10.00 20.00 10.0 -.525 -.373

According to Table 4.4, the minimum scores received by the experimental group were
12 for the pretest, 13 for the posttest, while maximum scores were 20 for both testing
time. For the control group, the minimum scores from the pretest and posttest were 10,

while the maximum scores were 20. The cut-off point for the Flow subdimension was
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determined as 10 points (out of 20 points) by the researchers who developed the Flow
State Scale based on the 4-scale rating (Eryllmaz & Mammadov, 2016a). Therefore,
since the pretest (M = 16.05) and posttest (Mz= 17.65) scores of the experimental
group were above the cut-off point, it was interpreted as a high level of Flow.
Similarly, the Flow Subdimension scores of control group on pretest (M, = 15.67) and
posttest (M= 16.31) were also above the cut-off point, which interpreted as high-level

of Flow.

In order to represent the location and distribution of the FSD scores, the clustered
boxplot was used. The box represents the middle 50% (those between 25th and 75th
percentiles) of the cases (Morgan et al., 2007). The maximum scores in both
experimental and control group were higher than the median score. The range of the
pretest scores were lower in experimental group compared to control group. The
posttest mean score was slightly higher in experimental group compared to control
group. The range of the posttest scores decreased compared to pretest scores in

experimental group, while in control group the range increased from pretest to posttest.
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Figure 4.3. Boxplot for the PREFSD and POSTFSD.
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Normality Test for Flow Subdimension: The Skewness and Kurtosis values of both
experimental and control groups were between -1 and +1 for both pretest and posttest
FSD scores (see Table 4.4). However, for the pretest scores of both experimental and
control groups, the results of the Kolmogorov-Smirnov and Shapiro-Wilk tests were
non-significant, while for the posttests, only the values for the control group were non-
significant. As Field (2013) stated that these results could be affected by sample size.
Q-Q plots showed the normality of distributions as the plots were around the line, and
they were not scattered too much from the line. In addition, the distributions were

considered close to normal according to histograms.

The Test of Sphericity for Flow Subdimension: Since there are two levels of the
repeated measure variable (time), Maucly's test can not be calculated. However, the
assumption of sphericity is not a problem when there is only one pair of levels (Leech,
Barrett & Morgan, 2008).

The Test of Homogeneity of Variance-Covariance Matrices for Flow Subdimension:
Since Box’s M returned a p-value that is more than .001, there are no significant
differences between variance-covariance matrices (Tolmie, Muijs & McAteer, 2011).

Hence, the assumption was met for the Flow subdimension.

Table 4.5 presents the results of the second research problem which indicates the
change between the pretest and posttest scores for Flow Subdimension of experimental
and control group students, taking time into consideration. Accordingly, results of
Mixed ANOVA indicated that there was a significant main effect of time, F (1, 71) =
19.39, p = .000. According to Cohen (1988), this effect was much larger than typical
since n?=.22. This effect tells us that if we ignore the group of participants, some
types of testing time were still rated significantly differently to others. In other words,
this result shows that the experimental process has a significant effect on the increase
in students’ FSD scores. In addition, the results of Mixed ANOVA indicated that the
main effect for group was not statistically significant, F (1, 71) = 3.10, p = .083, n?=
.04. The results also indicated that there was not a statistically significant interaction
between group and time, F (1, 71) = 3.55, p = .064, n2= .05.
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Table 4.5

ANOVA Results for PREFSD and POSTFSD Scores

Source SS df MS F p n?

Between Subjects

Group 13.66 1 13.66 3.10 .083 .04

Error 312.68 71 4.40

Within Subjects

Time (PREFSD and

45,51 1 45,51 19.39 .000 .22
POSTFSD)
Group*Time 8.33 1 8.33 3.55 .064 .05
Error (Time) 166.61 71 2.35

As the main effect of time was found significant, there was a need to examine the
underlying factors of this difference. Hence, independent samples t-test was used to
examine whether there was a difference between the posttest scores of the
experimental and control groups, and the paired samples t-test was conducted to
determine whether within-group scores of experimental and control groups on pretest
and posttest significantly differed. Table 4.6 and Table 4.7 show the results of t tests

within and between the groups.

Table 4.6

t-Test Results Comparing the Groups on POSTFSD Scores

Variable Group N M SD t df p
Experimental 37 1765 2.25

POSTFSD 232 71 .023
Control 36 16.31 2.68
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As seen in Table 4.6, although the effect size is small according to Cohen’s (1988)
guidelines (d = .22), there is a significant difference between the posttest Flow
Subdimension scores of the experimental and control groups, in favor of the

experimental group t(71) = 2.32, p <.05.

Table 4.7

t-Test Results Comparing PREFSD and POSTFSD Scores of Groups

Group Variable N M SD t df p
PREFSD 16.05 2.15

Experimental 37 5.17 36 .000
POSTFSD 17.65 2.25
PREFSD 15.67 2.34

Control 36 1.58 35 123
POSTFSD 16.31  2.68

Additionally, as presented in Table 4.7, paired samples t-test indicated that
experimental group students had on average significantly higher Flow Subdimension
scores on posttest than pretest, t(36) = 5.17, p = .000. The effect size (d = .84) which
is computed by dividing the mean of the paired differences by the standard deviation
of the paired differences can be interpreted as large or larger than typical, according
to Cohen’s (1988) guidelines. However, the scores of control group on pretest and
posttest Flow Subdimension were not significantly differed, t(35) = 1.58, p > .05. This
seems to indicate that instruction applied in experimental group had an effect on
increasing the FSD scores of experimental group on posttest, but instruction applied
in control group did not have any significant effect on FSD scores of control group on

posttest.

When the findings in Table 4.6 and Table 4.7 are considered together, it can be
interpreted that the source of the significant difference in time main effect obtained in

2x2 mixed ANOVA is that the students in the experimental group had significantly
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higher scores in the posttest than both their own pretest scores, and the posttest scores
of the students in the control group. In addition, the significance value of the group
and time interaction obtained as a result of mixed ANOVA should be treated with
caution as the significance level is so close to the p = .05 value. Since this value is very
close to p =.05, these values are considered as marginally significant in many studies
in the literature (Pritschet, Powell, & Horne, 2016). One of the most important factors
in obtaining such a result could be that the sample size is not large enough. With a
sufficiently large sample size, this statistical test would show a significant difference
(Sullivan & Feinn, 2012), even when the difference is very small/weak (Morgan et al.,
2007). The mean scores of the experimental and control group across two testing times

(pretest and posttest) are shown in the Figure 4.4 below.
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Figure 4.4. PREFSD and POSTFSD scores of the groups.

According to Figure 4.4, the experimental and control groups had similar scores on the
pretest (Mg = 16.05, M= 15.67). In the posttest, although both groups increased their
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scores, the experimental group students increased their scores more substantially than
the control group (Mg = 17.65, M = 16.31).

4.2.2. The results about the effect of instruction on the boredom

subdimension.

The research question 2-b investigated whether there is a significant difference
between boredom subdimension posttest scores of experimental and control group
students. The descriptive statistics of the pretest and posttest of Flow State Scale for
the boredom subdimension (BSD) were provided in Table 4.8 below. The cut-off point
for the Boredom Subdimension was determined as 8 points (out of 16 points) by the
researchers who developed the Flow State Scale based on the scale rating (Eryilmaz
& Mammadov, 2016a). Therefore, since the pretest scores of the experimental group
(Mg =7.11) were below the cut-off point, it was interpreted as a low level of Boredom.
Similarly, the posttest (M = 6.22) scores of the experimental group were found below
the cut-off point. The scores of control group on pretest (M, =7.03) and posttest (M
= 6.72) BSD were also below the cut-off point, which interpreted as a low-level of

Boredom.

Table 4.8

Descriptive Statistics of the BSD Scores on Pretest and Posttest

Groups Time N M SD  Min. Max. Range Skewness Kurtosis
Experimental PREBSD 37 7.11 1.91 400 12.00 8.00  .342 133
Group POSTBSD 37 6.22 2.03 4.00 1100 7.00 .616 -.612
PREBSD 36 7.03 227 4.00 1200 8.00  .458 -.392
Control Group
POSTBSD 36 6.72 225 4.00 12.00 800  .415 -.646

According to Table 4.8, the minimum scores received by both experimental and

control groups were 4 for both pretest and posttest. Additionally, while the maximum
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scores received by the experimental group was 12 for the pretest, and 11 for the

posttest, while the control group’s maximum scores were 12 for both testing time.

In order to represent the location and distribution of the BSD scores, the clustered
boxplot was used. The box represents the middle 50% (those between 25th and 75th
percentiles) of the cases (Morgan, Leech, Gloeckner & Barret, 2004). The maximum
scores in both experimental and control group were higher than the median score. The
range of the experimental group means for the pretest was similar with that of control
group. The posttest mean score was slightly lower in the experimental group compared
to control group. The range of the posttest scores decreased compared to the pretest
scores in experimental group, while in the control group the range remained the same
for the posttest and the pretest scores. Figure 4.5 demonstrates the clustered boxplot
of the PREBSD and POSTBSD scores of the pretest and posttest for the experimental
and control groups.
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Figure 4.5. Boxplot for the BSD scores on pretest and posttest.
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Normality Test for Boredom Subdimension: The Skewness and Kurtosis values of both
experimental and control groups indicated a normality since the values were between
-1 and +1 for both pretest and posttest boredom subdimension scores (George &
Mallery, 2020). The results of the Kolmogorov-Smirnov test were non-significant for
the pretest scores of both groups and posttest scores of control group. However, the
results of Shapiro-Wilk tests were non-significant only for the pretest scores of
experimental group. As Field (2013) stated that these results could be affected by
sample size. Q-Q plots showed the normality of distributions as the plots were around
the line, and they were not scattered too much from the line. In addition, the
distributions were considered close to normal according to histograms.

The Test of Sphericity for Boredom Subdimension: Since there are two levels of the
repeated measure variable (time), Maucly's test cannot be calculated. However, the
assumption of sphericity is not a problem when there is only one pair of levels (Leech,
Barrett & Morgan, 2008). Therefore, F-statistics for the main effect of time (and its
interaction with the between-group variable group) did not need to be corrected for
violations of sphericity (Tabachnick & Fidell, 2013).

The Test of Homogeneity of Variance-Covariance Matrices for Boredom
Subdimension: Since Box’s M returned a p-value that is more than .001, there are no
significant differences between variance-covariance matrices (Tolmie, Muijs, &

McAteer, 2011). Hence, the assumption was met for the Boredom subdimension.

Table 4.9 represents the results of the second research problem which indicates the
change between the pretest and posttest scores for Boredom subdimension of
experimental and control group students taking time into consideration. Results of
Mixed ANOVA indicated that there was a significant main effect of time, F (1, 71) =
5.64, p < .05. According to Cohen’s (1988) guidelines this effect size can be
considered as medium or typical since n? = .074. This effect tells us that if we ignore
the group of participants, some types of testing time were still rated significantly
differently to others. However, the mixed ANOVA results indicated that there was a
non-significant main effect of group F (1, 71) = .25, p > .05. This effect tells us that if

we ignore the testing time, experimental group’s Boredom subdimension scores did
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not differ from that of control group. In addition, the results also indicated that the
interaction between group and time was also non-significant, F (1,71) = 1.35, p > .05.
This result demonstrated that the boredom subdimension scores of subjects in both
testing times (pretest and posttest) did not differ for the experimental and control

groups.

Table 4.9

ANOVA Results for the PREBSD and POSTBSD Scores

Source SS df MS F p n?

Between Subjects

Groups .83 1 .83 .25 .620 .003

Error 236.72 71 3.33

Within Subjects

Time (PREBSD

13.08 1 13.08 5.64 .020 .074
and POSTBSD)
Group*Time 3.14 1 3.14 1.35 249 019
Error (Time) 164.60 71 2.32

As the main effect of time was found significant, there was a need to examine the
underlying factors of this difference. Since there is only one pair of levels, 2x2 mixed
ANOVA cannot make pairwise comparisons for the main effect of time corrected
using a Bonferroni adjustment. Therefore, the independent samples t-test and paired-
samples t-tests were conducted, separately. Table 4.10 and Table 4.11 show the results

of t tests within and between the groups.
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Table 4.10

t-Test Results Comparing the Groups on POSTBSD Scores

Variable Group N M SD t df p
Experimental 37 6.22 2.03

POSTBSD 1.01 71 316
Control 36 6.72 2.25

According to Table 4.10, independent samples t-test results indicated that there was
not a significant difference between experimental and control groups on posttest BSD
scores, t(71) = 1.01, p > .05.

Table 4.11

t-Test Results Comparing PREBSD and POSTBSD Scores of the Groups

Group Variable N M SD t df p
PREBSD 7.11 1.91

Experimental 37 2.63 36 .013
POSTBSD 6.22 2.03
PREBSD 7.03 2.27

Control 36 .82 35 419
POSTBSD 6.72 2.25

According to Table 4.11, a paired samples t-test indicated that experimental group
students had on average significantly lower Boredom subdimension scores on posttest
than pretest, t(36) = 2.63, p < .05. The effect size (d = .43) which is computed by
dividing the mean of the paired differences (.89) by the standard deviation of the paired
differences (2.06) can be interpreted as small or smaller than typical, according to
Cohen’s (1988) guidelines. However, the scores of control group on pretest and
posttest BSD were not significantly differed, t(35) = .82, p > .05. These results seem
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to indicate that while instruction applied in experimental group had an effect on
decreasing Boredom Subdimension scores of experimental group on posttest,
instruction in control group did not have any significant effect on BSD scores of
control group on posttest. The mean scores of the experimental and control groups

across two testing times (pretest and posttest) are shown in the Figure 4.6 below.

Estimated Marginal Means of MEASURE_1
7.20 GROUP

Experimental
— Contral

6,80 e

6,60

Estimated Marginal Means

6,40

6,20

time

Figure 4.6. BSD scores of the groups on pretest and posttest

According to Figure 4.6, the experimental and control groups had similar scores on the
pretest (M =7.11, M = 7.03). In the posttest, although both groups decreased their
BSD scores, the experimental group students decreased their scores more substantially
than the control group (M = 6.22, M = 6.72).

4.2.3. The results about the effect of instruction on anxiety subdimension.

The research problem 2-c investigated whether there is a significant difference

between Anxiety subdimension posttest scores of experimental and control group
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students. The descriptive statistics of the pretest and posttest scores of Flow State Scale
for the Anxiety subdimension (ASD) were provided in Table 4.12, below. The cut-off
point for the Anxiety subdimension was determined as 8 points (out of 16 point) by
the researchers who developed the Flow State Scale based on the scale rating
(Eryilmaz & Mammadov, 2016a). Therefore, since the pretest scores of the
experimental group (Mg = 7.30) were below the cut-off point, it can be interpreted as
a low level of Anxiety. Similarly, the posttest (M = 6.41) scores of the experimental
group were found below the cut-off point. The scores of control group on pretest (M,
= 6.83) and posttest (M = 6.75) ASD scores were also found below the cut-off point,

which was interpreted as low-level of anxiety.

Table 4.12

Descriptive Statistics of the ASD Scores on Pretest and Posttest

Groups Time N M SD  Min. Max. Range Skewness Kurtosis
Experimental PREASD 37 7.30 239 4.00 13.00 9.00 .388 -.645
Group POSTASD 37 6.41 201 400 11.00 7.00 .452 -.696
Control PREASD 36 6.83 229 400 12.00 8.00  .384 -.801
Group POSTASD 36 6.75 2.63 4.00 14.00 10.00 .904 .298

According to Table 4.12, the minimum scores received by both experimental and
control groups were 4, for both pretest and posttest. Additionally, while the maximum
score received by the experimental group was 13 for the pretest, and 11 for the posttest,
while the control group’s maximum scores were 12 for the pretest, and 14 for the

posttest.

In order to represent the location and distribution of the ASD scores, the clustered
boxplot was used. The box represents the middle 50% (those between 25th and 75th
percentiles) of the cases (Morgan et al.,, 2007). The maximum scores in both
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experimental and control group were higher than the median score. The range of the
experimental group means for the pretest was higher than that of control group. The
posttest mean score was slightly higher in the control group compared to the
experimental group. The range of the posttest scores decreased compared to pretest
scores in experimental group, while in control group the range of the posttest scores
increased compared to pretest scores. Figure 4.7 demonstrates the clustered boxplot
for the scores of the PREASD and POSTASD for the experimental and control groups.
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Figure 4.7. Boxplot for the PREASD and POSTASD.

Normality Test for Anxiety Subdimension: As demonstrated in Table 4.12, the
Skewness and Kurtosis values of both experimental and control groups were between
-1 and +1 in both testing times. However, the results of the Kolmogorov-Smirnov test
were non-significant for the pretest scores of experimental and control groups, and
posttest scores of the only experimental group. The results of Shapiro-Wilk tests were

non-significant only for the pretest scores of experimental group. As Field (2013)
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stated that these results could be affected by sample size. Q-Q plots showed the
normality of distributions as the plots were around the line, and they were not scattered
too much from the line. In addition, the distributions were considered close to normal

according to histograms.

The Test of Sphericity for Anxiety Subdimension: Since there are two levels of the
repeated measure variable (time), Maucly's test cannot be calculated. However, the
assumption of sphericity is not a problem when there is only one pair of levels (Leech,
Barrett & Morgan, 2008).

The Test of Homogeneity of Variance-Covariance Matrices for Anxiety Subdimension:
Since Box’s M returned a p-value that is more than .001, there are no significant
differences between variance-covariance matrices (Tolmie, Muijs, & McAteer, 2011).

Hence, the assumption was met for the Anxiety subdimension.

Table 4.13

The Results of ANOVA for the PREASD and POSTASD of Experimental and Control

Groups

Source SS df MS F p n?

Between Subjects

Group .07 1 .07 .02 903 .00

Error 306.12 71 431

Within Subjects

Time (PREASD

8.68 1 8.68 3.75 .057 .05
and POSTASD)
Group*Time 5.97 1 5.97 2.58 113 .04
Error (Time) 164.16 71 2.31
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Table 4.13 represents the results of the second research problem which indicates the
change between the pretest and posttest scores for Anxiety subdimension of
experimental and control group students taking time into consideration. Results of
Mixed ANOVA indicated that the main effect of time was not statistically significant,
F (1, 71) =3.75, p=.057. This effect tells us that if we ignore the group of participants,
some types of testing time were not rated significantly differently to others, when at p
=.05. Similarly, there exist a non-significant main effect of group F (1, 71) =.02, p >
.05. This effect tells us that if we ignore the testing time, experimental group’s Anxiety
Subdimension scores did not differ from that of control group. In addition, the results
also indicated that there was not a significant interaction between group and time, F
(1, 71) = 2.58, p > .05. This result demonstrates that the Anxiety Subdimension scores
of subjects in two testing times (pretest and posttest) did not differ for the experimental

and control groups.
4.3. The Results About the Effect of Instruction on Mathematics Motivation

The purpose of the third research question was to investigate whether there exists a
significant difference between the posttest Mathematics Motivation scores of the
experimental and control group students. The descriptive statistics of the pretest and
posttest of the Mathematics Motivation Scale (MMS) were provided in Table 4.14

below.

Table 4.14

Descriptive Statistics of the MMS Scores on Pretest and Posttest

Group Time N M SD Min. Max. Range Skewness Kurtosis
) PREMMS 37 1309 138 90.0 153.0 63.0 -1.02 1.04
Experimental
POSTMMS 37 1332 10.1 108.0 149.0 41.0 -.46 -44
PREMMS 36 132.1 123 97.0 155.0 58.0 -.52 71
Control
POSTMMS 36 127.7 146 92.0 156.0 64.0 -.34 -21
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According to Table 4.14, the minimum scores received by experimental group was 90
for pretest, and 108 for posttest. Additionally, while the minimum score received by
the control group was 97 for the pretest, and 92 for the posttest. In order to represent
the location and distribution of the Mathematics Motivation Scale scores, the clustered
boxplot was used. The box represents the middle 50% (those between 25th and 75th
percentiles) of the cases (Morgan et al., 2007). The maximum scores in both
experimental and control group were higher than the median score. The range of the
experimental group means for the pretest was higher than that of control group. The
posttest mean score was also higher in the experimental group compared to control
group. The range of the posttest scores decreased compared to pretest scores in
experimental group, while in control group the range increased from pretest to posttest.
Figure 4.8 demonstrates the clustered boxplot of the PREMMS and POSTMMS for

the experimental and control groups.
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Figure 4.8. Boxplot for the PREMMS and POSTMMS.
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A 2x2 Mixed ANOVA with Repeated Measures was conducted to the Mathematics
Motivation Scale scores of the experimental and control group students to examine
whether there were group and time differences in the MMS scores. Before conducting
the mixed ANOVA, the assumptions which consisted of normal distribution of the
dependent variables, equality of error variances and equivalence of population
covariance matrices were checked for the Mathematics Motivation Scale scores. Since
the dependent data comprise the within subjects or repeated measures factor, the

independence of observations assumption was ignored (Leech, et al., 2008).

Normal Distribution of the Dependent Variables: In order to check the normality
assumption, Skewness and Kurtosis values, Kolmogorov-Smirnov and Shapiro-Wilk
tests, histograms and Q-Q plots were taken into consideration (Field, 2013). Except
for the pretest scores of experimental group, the Skewness and Kurtosis values of both
experimental and control groups were between -1 and +1 for both pretest and posttest
MMS scores (see Table 4.14). However, the values for skewness and kurtosis between
-2 and +2 can also be considered as acceptable (George & Mallery, 2020). Similarly,
except for the pretest scores of experimental group, the results of the Kolmogorov-
Smirnov and Shapiro-Wilk tests were non-significant for experimental and control
groups. As Field (2013) stated that this result could be affected by sample size.
However, Q-Q plots showed the normality of distributions as the plots were around
the line, and they were not scattered too much from the line. In addition, the

distributions were seen approximately normal from the histograms.

The Assumption of Sphericity: The sphericity assumption must hold for levels of the
within subjects variable at each level of between subjects variables. This assumption
was tested using SPSS with Mauchly’s test. Since there are two levels of the repeated
measure variable (time), Maucly's test cannot be calculated. However, the assumption
of sphericity is not a problem when there is only one pair of levels (Leech, Barrett &
Morgan, 2008).

Homogeneity of Variance-Covariance Matrices: This assumption was tested using
Box’s M statistic. It should be accepted as indicating a problem only if it shows a

significant departure from homogeneity at p =.001 or less (Tolmie, Muijs & McAteer,
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2011). Since Box’s M returned a p-value that is more than .001, there are no significant
differences between variance-covariance matrices. Hence, the assumption is not

violated.

Table 4.15 represents the results of the third research problem which indicates the
change between the pretest and posttest scores of MMS of experimental and control
group students taking time into consideration.

Table 4.15

ANOVA Results for the PREMMS and POSTMMS Scores

Source SS df MS F p n?

Between Subjects

Groups 85.57 1 85.57 .61 44 01

Error 10048.88 71 141.53

Within Subjects

Time (PREMMS

43.10 1 43.10 .96 331 .013
and POSTMMS)
Group*Time 404.66 1 404.66 8.99 004 .11
Error (Time) 3194.78 71 44.99

Results of Mixed ANOVA indicated a non-significant main effect of time, F (1, 711)
= .96, p > .05. Similarly, results of Mixed ANOVA indicated that the main effect for
group was statistically non-significant F (1, 71) = .61, p > .05. However, the results of
Mixed ANOVA indicated that group interacted in some way with the two different
testing times of Mathematics Motivation Scale. Thus, there was a significant
interaction between the time of the testing and the group of the participants, F (1, 71)

= 8.99, p <.05. According to Cohen (1988), this effect can be considered as medium
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or typical as n?= .11 (Cohen, 1988; Leech et al., 2008: p. 81). The significant
interaction effect tells us that scores of participants in two different testing times
(pretest and posttest) were different for experimental and control group students. The
significant interaction term indicates that the scores taken from POSTMMS compared
to PREMMS by the experimental group students are significantly higher than the
scores of the control group students. The mean scores of the experimental and control

group across pretest and posttest can be seen in the Figure 4.9 below.
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Figure 4.9. Mathematics motivation scores of the groups on pretest and posttest.

According to the Figure 4.9, the experimental and control groups have very near scores
on pretest. While the experimental group students increased their scores on
Mathematics Motivation Scale, the control group’s scores on the same scale decreased
substantially on the posttest. Therefore, the direction of the line between the
PREMMS and POSTMMS of the two groups are different. It can be concluded that
the Mathematics Motivation Scale posttest scores compared to pretest scores are

greater for the experimental group than that of the control group.
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4.4. The Opinions of Experimental Group Students About the Instruction

The purpose of the fourth research question was to explore the opinions of students
about the instruction designed according to Flow Theory principles and enhanced by
RME approach. In this part of the study, the results obtained from student interviews,
classroom observations and students’ diaries about the instruction were presented. The
analysis of qualitative data was carried out through thematic analysis as described in
the method chapter. The main categories and themes were demonstrated in Figure 4.10

in order to provide an overall framework of the qualitative results.

Categories and Themes

Characteristics of .
Mathematics Moél%gggnal
Instruction

Effects to

Teacher's. Cognitive
Characteristics Efficiency

e Social Effects

Figure 4.10. The opinions of experimental group students about the instruction.

The results of the thematic analysis yielded two main themes/categories labeled as

Characteristics and Effect. The characteristics category was discussed under two

144



themes: Characteristics of Mathematics Instruction and Teacher’s Characteristics.
The second category, the effects of instruction, yielded three themes which were
labeled as Motivational Effects, Effects to Cognitive Efficiency and Social Effects.
Moreover, some of these themes yielded some sub-themes as well. All the themes,
sub-themes and their corresponding codes will be presented in the following
paragraphs below.

4.4.1. Characteristics.

The characteristics category emerged from thematic analysis was examined under two
themes: characteristics of mathematics instruction and teacher’s characteristics.
These themes, their sub-themes and corresponding codes were described in detail

below.
4.4.1.1. Characteristics of mathematics instruction.

Table 4.16 demonstrates the characteristics of mathematics instruction in the
experimental group and their corresponding codes.

Table 4.16

The Codes Related to the Characteristics of Mathematics Instruction

Theme Codes fine  fobs faia Srotar

Characteristics of
mathematics instruction

1. Challenge 10 2 3 15
2. Clear goals 7 11 - 18
3. Clear & Immediate feedback 9 10 3 22
4. Sense of autonomy/control 8 11 1 20
5. Interest 4 15 - 19
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As demonstrated in the Table 4.16, the mathematics instruction based on Flow Theory
included the following elements: Challenge (f = 15), Clear Goals (f = 18), Immediate
and Clear Feedback (f = 22), Sense of Control (f = 20), and Interest (f = 19).

The first observation in the implementation of instruction designed according to Flow
Theory was that the challenge of the activities was suitable for the students. The
subjects frequently stated that the challenge of most of the activities and tasks were
medium, although some claimed that a very small number of activities were difficult

or easy. Some of the students pointed out their thoughts as follows:

[The challenge level of the activities] was not very high, it was medium, it was
the level | could do. There were questions that we could not do, then we were
dealing with it. If they were too hard, it would be very annoying. (S4-High
Achiever, Interview)

The challenge of the activities in math lesson was medium, so it was better. It
could also be nice if they were easy, but we can see our learning level more
accurately when the challenge is medium. (S5-Medium Achiever, Interview)

While talking about the challenge level of mathematics instruction, one of the students
made a comparison with previous mathematics lessons and expressed his/her thoughts

as follows:

Normally, [in the previous mathematics lessons] the teacher would tell us the
definitions, we would learn them by writing down in the notebook. Then, the
teacher would tell on the board, the lesson ends after that. On the other hand,
since we learned the subjects through activities in these lessons, the level of
challenge in these lessons was higher for me. Because when our teacher taught
us, we had just solved the questions and passed. In these activities, we are trying
to show what we learned. (S3-High Achiever, Interview)

As a further response, one student stated the types of activities he or she prefers to do

in terms of challenge level as follows:

What motivates me in math class are problems and more difficult, intelligence
problems. | like the difficulty more. If there were tasks that were easy, there
would be things we had always worked with and learned before. However, | can
improve myself more by dealing with difficult tasks. (S2-Low Achiever,
Interview)

Another characteristic that the instruction implemented in the experimental group was

that the activities or tasks had clear goals. The subjects stated that the learning
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activities in these instructional practices had understandable and clear goals. The

students expressed their feelings as follows:

In the lesson, | understood what was asked of us from the explanation of our
teacher. At first, she was telling the purpose of the activity. In addition, what we
were asked to do was also written on the activity sheets, for example, design a
robot. Then there were shapes, pictures like robots at the bottom, so | understood
what our purpose was. (S7-Low Achiever, Interview)

| was first taking a look when the teacher gave us the activity materials. "What is
it about?" I was looking at. | was discussing with my friends. We were looking at
what the topic was. After finding it, we were concentrating on it. (S9- Medium
Achiever, Interview)

As a further response, S9 included why the goals should be clear as follows:

[When the goals are clear,] the activity became easier, and we can finish it more
quickly. In this way, we could easily understand the subject. (S9-Medium
Achiever, Interview)

During the observations, there were two different noteworthy situations in appearing
the purpose of the activity, which support the students' declarations. First, the teacher
explained herself what the students were expected to do for the activity just before the
activity started. In the second case, the teacher asked the students to discuss what the
purpose of the topic was, and then to ask teacher for clarification if needed. In both
cases, it was aimed to make the goals of the learning activities clear for the students.

Some of the related observation notes were as follows:

The students understood the goal of the activity and what was expected of them
based on the teacher's explanations and the directive of the activity. (02,
Observation)

The students seemed to have understood the goals of the activity easily, thanks to
the statements made by the teacher before starting the activity and the instructions
in the activity papers. (04, Observation)

Students who read the instructions of the activity confirmed what the purpose of
the activity was by arguing it with their group friends. (O11, Observation)

The other characteristic of the instruction designed based on Flow Theory principles
was immediate and clear feedbacks. The students in the experimental group stated that
when they needed, they could ask their questions to their friends in the group, ask for
help from the teacher, and suggest and contribute to their friends' ideas. Some of the

expressions used by students about feedback were as follows:
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For example, let's say I couldn't do anything, I could ask my friends, ‘How did
you do this, I couldn't do it?’ or let's say, ‘My suggestion was this, what's yours?’,
‘How could you do it?’ I was asking them. ... [ was getting help when I needed
it. My friends were helping me because | was very good with my friends, and |
also helped them with everything. (S2-Low Achiever, Interview)

Sometimes | did not understand some subjects. Therefore, | asked my friends
during the activity. My teammates gave me very good answers when | asked ... |
was asking my questions such as How did you do this? ... and my friends were
immediately helping me. They were telling me directly without any hesitation if
they knew the answer. (S9-Medium Achiever, Interview)

In addition, the students emphasized the benefits of receiving feedback as follows:

I wouldn't learn if I didn't ask anything. I have to ask. For example, when | wonder
something, | think about it for a long time, so | spend my time on it. But when |
ask [someone], for example, | can quickly learn and comment accordingly.
Hence, getting feedback has a good effect on my learning. (S3-High Achiever,
Interview)

These feedbacks | received helped me better understand subject matter. Thus, |
think receiving feedback is good. As the activities bring us together, we
brainstorm better, and everyone has a better knowledge of mathematics. (S9-
Medium Achiever, Interview)

One of the students stated that thanks to the teacher's helps as feedback, they got rid
of their anxiety that they had in the previous mathematics lessons, and wrote in the

diary as follows:

In previous math lessons, when the teacher asked me a question about a topic that
| was not very good at, | was very worried. In these activities, our teacher helps
us more during such moments. So, | am very glad and happy for this. (D12, Diary)

During the classroom observations, it was witnessed that the teacher gave feedback to
the students, the students gave feedback to their group-mates, and the students were
given feedback by other groups’ members during the discussion. Besides, the teacher
encouraged the students to give feedback to each other. Some observation notes about

this issue were as following:

During the activity, the teacher made students understand the subject by giving
immediate feedback to the questions asked by them or by asking additional
questions. Students with higher academic achievement were helping their peers
and answering their questions. (O7, Observation)

During the class discussion between the groups, the teacher provided the
opportunity for other students to give feedback and make corrections to the
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answers given by asking questions to the whole class such as ‘Does anyone want
to comment on this answer of your friends?’ (02, Observation)

Giving students a sense of control or autonomy has emerged as another characteristic
of treatment. One of the remarkable elements in the experimental group was that
students made their own decisions in group studies, did not hesitate to take risks and
made mistakes, and expressed their thoughts freely. In response to this result, some of

the students expressed their feelings as follows:

I always felt free. | was telling my ideas, and they (group mates) agreed with me
saying ‘okay, it can be’. While doing the activities, we sometimes took into
account my opinions and sometimes those of my group mates. It was changing.
(S4-High Achiever, Interview)

We could do what we wanted. For example, our teacher does not restrict us,
because even if we do wrong at work, she does not get angry, does not restrict,
does not say ‘do not make a mistake’. Thus, | was feeling free most of the time.
(S10-Medium Achiever, Interview)

During classroom observations, findings about the autonomy of learners were reached.
Rather than reinforcing the students who answered the questions correctly, the teacher
was struggling to encourage and increase the number of students who shared their
ideas even when they were not sure about the answer. Some notes from observations

included:

The students in all groups did not hesitate to share their solutions regardless of
whether they were correct or not. As they saw that making mistakes was also fun
in the game and added excitement to the activity, almost all students asked to
speak to voice their opinions. (O7, Observation)

One of the students stated their feelings in the diary as follows:

The teacher said ‘well done’ to me even though | did not remember the correct
answer. (D22, Diary)

The last characteristics of the instruction that emerged through interviews and
observation results was that it attracted the interest of the subjects. In particular, it was
determined that the activities which included real life examples, required the use of
technology and materials, and provided some physical activity attracted the attention
of the students. Additionally, the students stated that they found mathematics
interesting because it might affect their success in the future. Some of the statements
about this characteristic were reported by the students as follows:
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The shopping activity was the most fun for me. ... Because everyone felt like
somebody that the employees working in those markets. And everyone thought
of themselves as real customers. (S2-Low Achiever, Interview)

| am very interested in robot designs and sailboat designs. | was having a lot of
fun in the activities that | designed, that required engineering. (S3-High Achiever,
Interview)

Mathematics lesson attracts my interest, because | think I will be very successful
in the future thanks to math lessons. Mathematics is a must course. (S7- Low
Achiever, Interview)

In addition, some observation notes about the interest were as follows:

Based on the story written about a carpenter, the students drew the right pieces of
equal length on the given pieces of wood with great interest. (O4, Observation)

Students seemed to show great interest while drawing about quadrilaterals using
dynamic geometry software. (09, Observation)

4.4.1.2. Characteristics of teacher.

According to the thematic analysis results, Characteristics of Teacher was determined
as another theme. The codes for this theme were labeled as Using Positive Affect (f =
13) and Teaching Technique (f = 24). Table 4.17 shows the codes for the characteristics

of the teacher.

Table 4.17

The Codes Related to the Characteristics of Teacher

Theme Codes fine  fobs  faia  frota
Characteristics of the teacher

1. Using positive affect 6 3 4 13

2. Teaching technique 4 9 11 24

According to the results of the thematic analysis, some affective qualities of the teacher
were obtained. While conducting the teaching activities in the classroom, the teacher

was very kind towards the students, avoiding using a threatening language and style,
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creating a comfortable and fun classroom climate. The teachers' being polite, tolerant,
and sympathetic towards students, made them feel valued and feel loved by their
teacher. Some of the responses of students both in the interviews and in their diaries

include:

| felt that | would have a good time with the teacher on the day of the mathematics
course, and we would have a good time with the teacher in our class. Because the
teacher is always a fun person. (S2-Low Achiever, Interview)

Our teacher tells us in a sweet language, helps us with things we do not
understand, explains in a fun way with activities... Which is something very good
for me. (S9- Medium Achiever, Interview)

The activities and learning we did in mathematics class were better. It was more
fun. Maybe other teachers would not be like this, they would immediately shout
at us. But our math teacher never shouted at us. She always greeted us with a
smile. She would answer our questions by saying ‘Yes my boy/girl?’. (S6-High
Achiever, Interview)

Our teacher is very cute, loves us very much. (D30, Diary)

The teacher also made an intense effort and persistence to help the students learn the
subjects throughout the entire experimental process. This situation was reflected in the
expressions of students. During the classroom observations, it was noticed that the
teacher tried to answer many questions of students inside and outside the classroom.
She was always well prepared for the activities and did not avoid repeatedly teaching
the points that the students did not understand. In addition, she often reminded the
students not to hesitate to ask questions they did not understand. Students were aware
of her effort and seemed to appreciate her for this reason. Some observation notes and

expressions of the students obtained from the interviews are as follows:

The teacher dealt with the students one by one and explained the points they did
not understand. (02, Observation)

She is a really good teacher. She explains everything well. She always asks when
we do not understand. Even if just one student does not understand the subject,
she immediately teaches it again. (S7-Low Achiever, Interview)

When there were things that we didn't understand, she was answering our
guestions, so it was good. (S8-Medium Achiever, Interview)

As presented in Table 4.17, another code obtained from the thematic analysis results

was related to the teaching technique of the teacher. Both in the interviews and diaries,
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students mostly stated positive opinions about the teacher's teaching technique.
Although the students did not express in detail which aspects they liked the teacher's
teaching technique, they generally expressed it as the teacher's teaching style. They
mentioned that the way teacher taught the lesson was good, fluent, efficient and
pleasant. Those positive features made some students find the mathematics enjoyable,
and they become eager to learn. Some of the students’ answers about this issue as

follows:

I find math classes enjoyable because our teacher really explains it very well. (S7-
Low Achiever, Interview)

The lessons were fun with the good teaching of the teacher in mathematics. |
mean, we did some activities in classes. It was such a good thing; the teacher was
telling well about the subjects. (S8-Medium Achiever, Interview)

The beautiful and detailed explanation of the teacher made me more eager. (S10-
Medium Achiever, Interview)

In addition, students also talked about the same situation in their diaries. They stated

that:

Fortunately, | have such a good and beautiful teacher. I love my teacher so much.
The teacher's teaching is very good for me. (D20, Diary)

You explain everything very well. (D34, Diary)

Additionally, the teacher frequently encouraged the students to share their opinions
regardless of whether they were questionable or not, and gave a chance to reach
alternative solutions. She questioned how the students' answers were obtained while
conducting in-class activities, rather than just giving feedback as right or wrong. In
addition, when students asked to answer or to share their opinions, they were also
exposed to questions such as why do you think so? and does anyone have a comment
on your friend's answer?, in order to probe for explanation and justification. Some

examples from the interviews and observation notes are as follows:

In the activities, we tried to show how we learned more than just finding the right
answer. So, | learned better at the activities than the (previous) mathematics
teaching. Previously, we only solved the questions and continue. (S3-High
Achiever, Interview)

While the students showed their drawings on the smart board, the teacher asked
the other students to think about whether they could solve the problem in another
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way and in what other ways they could draw the correct pieces of equal length.
(04, Observation)

While the teacher asked the groups to share their answers, she asked them
questions like, “Well, is there any other way of solving this? Why do you think
your friends chose this way here?” Asking for such alternative solutions
contributed to students understanding the process, not just finding the right
answer. (010, Observation)

4.4.2. The effects of instruction.

The second category, the effects of instruction, yielded three themes which were
labeled as Motivational Effects, Effects to Cognitive Efficiency, and Social Effects. The

themes and sub-themes were shown in Table 4.18

Table 4.18

The Themes and Sub-Themes for the Effects of Instruction

Themes Sub-Themes

Motivational Effects
1. Intrinsic Motivation
2. Extrinsic Motivation

Effects to Cognitive Efficiency
1. Effects on Learning
2. Intense Concentration
3. Immersion

Social Effects
1. Positive Effects
2. Negative Effects

4.4.2.1. Motivational effects.

One of the themes derived from the qualitative data was Motivational Effects. This
theme was addressed under two sub-themes: Intrinsic Motivation and Extrinsic

Motivation. Table 4.19 presented these themes and their corresponding codes.
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Table 4.19

The Sub-Themes and Corresponding Codes for Motivational Effects

Sub-Themes Codes fint  Jobs  faia  Sfrotar
Intrinsic motivation

1. Autotelicity 10 9 41 60

2. Effort 5 3 2 10
Extrinsic Motivation 3 3 1 7

4.4.2.1.1. Intrinsic motivation.

Codes derived from thematic analysis regarding the positive feelings or affects, and
elements resulting from such emotional states were brought together under the sub-
theme of Intrinsic Motivation. As seen in Table 4.19, the instruction in the
experimental group enabled that students participate in the activities for the sake of

activity - autotelicity (f = 60), make an effort to learn mathematics (f = 10).

First of all, the students wanted to participate in the activities because they found the
activities autotelic, felt good, had fun and enjoyed them. The classroom observations,
students’ diaries and responses in the interviews provided strong evidence in this

regard. For example, some of the observation notes include:

When students heard that they were going to start activities, they jumped on the
floor to show their happiness, they raised their hands in the form of Hoorey!
(Oley!) and hugged the friend next to them. At the end of the lesson, the students
stated that they had a lot of fun and that they wanted to do such activities in other
courses as well, saying that | wish the activity never ended. (O1, Observation)

It was observed that the students participated in activities involving physical activity
with more fun, such as designing a robot or sailboat model, and pretending to be a
shopper. For example, the observation notes include:

The students were looking forward to the transition to the activity as soon as
possible. This showed that they were motivated to participate in the activity. In
addition, the students had a lot of fun especially when cutting the polygons while
sticking them for designing a robot and tried to make the best design. (09,
Observation)
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In addition, some students stated the following sentences in the interviews showing
the autotelic feature of the activities:

I have never said that | wish | was doing something else, because | was having so
much fun while doing the activities. At the beginning of the semester, before the
activities started, mathematics lesson did not attract my attention, thus | was a
little bored with math. However, | started not getting bored anymore when we
had the activities, and math attracted my attention. Hence, | did not want to do
anything else, I just wanted to learn more math and | wanted to do more activities.
Since | had fun while doing the activity, | didn't want the bell to ring. Because,
when this activity was over, we were not going to do it again until next week. |
didn't want it to end soon, | wanted it to end later. (S10-Medium Achiever,
Interview)

These math classes and the activities were very enjoyable. | had so much fun
doing them because it was like a game. They are better than the previous math
lessons. | always want to continue the activity, even when the break bell rang,
because they were very enjoyable. (S3-High Achiever, Interview)

Math lessons were very, very enjoyable. | was dying to take a math class. (S4-
High Achiever, Interview)

Although I can't do the math too much, I'm having fun. I love numbers and math
terms... I felt very good in math classes since I was having fun. [ was very fond
of the activities we did in the lesson. | was also telling my friends that the activity
day would come, they wanted it too. (S1-Low Achiever, Interview)

Moreover, some students stated that they did not experience negative emotions such
as boredom and anxiety during the instruction designed by Flow Theory. These
feelings seemed to encourage them to do more activities and attend classes. Their

responses include:

| must first say that | was never bored. There was never a situation where | had
anxiety or stress. So the math lesson was always good, all the activities we did
were very good. So there was no memory of sadness in my mind. (S2-Low
Achiever, Interview)

I’ve never felt bored. | had no anxiety and stress. It was always very enjoyable.
Time was good in math classes, it was always pleasant for me. | wanted to
continue the activity even when the bell rang. Because it was both enjoyable and
it enabled us to learn more ... | would like to have similar activities in all math
classes because we can both have more fun and learn better. (S5-Medium
Achiever, Interview)

| started to dislike mathematics, at the beginning of the fifth grade. But then

activities came (in the second semester) and | had a lot of fun in mathematics. So
the activities tied me more to mathematics. (S8-Medium Achiever, Interview)
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Finally, in the diaries, students mostly said that their mathematics lessons were fun,
fluent, and pleasant; they enjoyed the lesson and they wanted to do mathematics more

often. One of the subjects stated in the diary as follows:

| was very excited because it was a math class. Because it was a lot of fun that
day, I learned new topics. And | was very happy. | wish there was always math
class, then I would be very happy.” (D34, Diary)

The second code obtained from the thematic analysis was related to the efforts of the
students for learning mathematics lesson. The students stated the following sentences
about the efforts for mathematics, thanks to the activities:

My effort for mathematics lesson increased thanks to these activities. | had a lot
of math work at home because | had fun. (S1-Low Achiever, Interview)

My effort for mathematics lessons increased. | became more diligent and
hardworking thanks to the activities we did in the lesson. Besides, | learned more
and had fun in mathematics lessons. (S7-Low Achiever, Interview)

Thanks to the activities, we learned not to give up when faced with difficulties,
to be motivated and to strive harder to succeed. Thanks to the help of my teacher
and my friends, our math motivation was ensured and we built our self-
confidence in the group. We improved our ability to express ourselves better, we
were able to form our own sentences better in the group. (S6-High Achiever,
Interview)

4.4.2.1.2. Extrinsic motivation.

Although not as much as intrinsic motivation elements, thematic analysis results also
revealed some findings about Extrinsic Motivation (f = 7). These findings are usually
in the form of achieving higher scores or gaining one's appreciation. In other words,
when the students were asked what the most motivating elements were in the
mathematics lesson, some students stated that it was to get the teacher’s favorite, while
some others mentioned that it was to get higher grades in exams. For example, some

students stated their view about this issue as follows:

What motivated me was getting more grade. It would also motivate me to get my
teacher’s favorite. (S3-High Achiever, Interview)

The things that motivated me were the exams. (S4-High Achiever, Interview)

During the instruction, it was observed that the students paid attention to how the

groups that made better designs or solutions were reinforced by other group members
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or by the teacher. For example, writing the names of the groups on the board that did
the best design or congratulating them were seemed to motivate other group members.

One example from observation notes included as follows:

All the designs created by the groups were voted by other group members in terms
of their compliance with the criteria in the activity, and the names of the groups
that made the best designs were written on the class board. (O5, Observation)

4.4.2.2. Effects to cognitive efficiency.

The second theme emerged as a result of the thematic analysis was related to Cognitive
Efficiency. According to the thematic analysis results, the instruction implemented in
the experimental group contributed to subjects’ cognitive efficiency. The thematic
analysis results indicated that the instruction they received affected students’ Learning
(f=46), help their Intense Concentration (f = 12) on subjects, and provided Immersion
(f = 25) during the activities. Table 4.20 presents the contributions of instruction to

learning of subjects and their corresponding codes.

Table 4.20

The Codes Related to the Effects to Cognitive Efficiency

Theme Codes fint  fobs  Jaia  Jfrotal
Effects on Learning

1. Learn While Having Fun 6 - 3 9

2. Effective Learning 18 2 17 37
Intense Concentration

1. Focus on the task 5 7 - 12
Immersion

1. Losing self-consciousness 5 4 - 9

2. Time passing quickly 8 2 6 16

The first theme under the category of effects on cognitive efficiency was found to be
the Effects on Learning. According to the data obtained under this theme, the students
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expressed their views on learning in two different ways: Learning While Having Fun
(f = 9) and Effective Learning (f = 37). The students stated that they had fun while
learning mathematics or that they learned while having fun. Some of the students

commented that:

I saw how fun the math world was with the activities. So, | understood that math
can be done with fun. | always wanted to do activities in math classes, it would
be really nice if it were. For example, those who are bad at math are biased
towards mathematics. Therefore, their prejudices against mathematics would
disappear, and they would see that math was a fun world. (§9-Medium Achiever,
Interview)

| felt both having fun and learning with my friends while doing those activities.
(S2-Low Achiever, Interview)

The students also stated that they could learn effectively through the instruction
designed according to Flow Theory. Some of the students stated that the instructional
activities made learning easier, while others stated that their learning could be long-
lasting. In addition, some students emphasized that they had difficulty to understand
mathematics topics before the treatment, but they could learn them better thanks to
these activities. According to some students, the learning was ensured thanks to the
activities carried out during the lesson, while some of other students stated that doing
group work with friends made sense for their learning. They expressed their thoughts

about learning both in the interviews and in their diaries as follows:

Since it was more fun when doing activities, I was learning math well. ... Thanks
to the activities, you learn math more easily, so that we do not have to work harder
because we learn everything in the lesson. In this way, | do not work too much at
home, because when we do an activity, | have already learned enough. (S10-
Medium Achiever, Interview)

The activities in mathematics class affected my desire to learn mathematics.
Because while we were doing them, we had fun and understood on one hand, on
the other hand, what we learned remained in our minds. (S1-Low Achiever,
Interview)

This week | learned very well about angles in Mathematics. (D6, Diary)

Additionally, during the activities, students might share incorrect information which
include errors and misconceptions. However, it was observed that they shared their

knowledge in order to help each other understand the subject by correcting the errors
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and misconceptions. The following situation that stands out during the observations

was an example of this issue:

It was seen that the students used their prior knowledge while defining the
rectangles. Some of this prior knowledge contained errors or misconceptions. For
example, they used the concept of ‘trapezoid’ in Turkish meaning ‘a shape that
inclined to one side’ or “irregular’ in daily use. It was noticed by other students
in the group that the definition was wrong and they helped their group-mates to
understand the difference between the two definitions. (06, Observation)

Another contribution of the instruction designed according to Flow Theory related to
effective learning was about transferring. The students in the experimental group
reported that they could transfer the knowledge and skills they learned from the lesson
to other lessons or to other subjects of the mathematics lesson. For example, some of
the students stated that:

The activities in mathematics class affected my desire to learn mathematics.
Because we have been more successful in other courses with what we learned in
mathematics. (S1-Low Achiever, Interview)

I was bad at the measurement of area before the activities. | got better and better
thanks to the math activities and | was able to demonstrate this in exams, and
other tests. (S6-High Achiever, Interview)

Finally, experimental group students noted that with this instruction, they started to
learn better since they started to study mathematics more and to solve problems by

themselves. One student expressed their thought as follows:

Thanks to these activities, the time | spent studying mathematics increased. For
example, while | was working 1-2 hours before, | started studying 3 hours a day
or so. Also, I started to spend more time studying math on the weekends. (S5-
Medium Achiever, Interview)

Another result of the thematic analysis was that students were able to have intense
concentration during the math lesson. Some of the students pointed to the following
feelings:

I did not hear what my friends in the class were saying, nor the noise they were

making. | was very focused on the activities done in the lesson. (S5-Medium
Achiever, Interview)

In addition, the following notes were obtained during the classroom observations about

students’ concentration:
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When the groups started to make their designs, the gabble in the classroom turned
into silence and the students concentrated on their designs. (O1, Observation).

As soon as the teacher handed out the students the activity papers, it was observed
that the students focused on the activity with great curiosity, so they did not hear
some of the explanations made by the teacher. (O11, Observation)

Another cognitive effect of Flow Theory-based instruction was that it caused students
to experience a sense of immersion. This concept emerged as a feeling of losing self-
consciousness and a feeling of time passing quickly. The findings reflecting this code,
which is one of the basic indicators and concepts of Flow Theory, are as follows:

I was losing myself during the activity. | forgot the break, | forgot my friends, |
was immersed in the paper in my hand, | was just thinking. Sometimes | even
forgot that | was in class because | was very focused while doing something. The
reason for this is both desires, ambition, sense of success, and entertainment, team
unity, and things like that. (S7-Low Achiever, Interview)

Since I have so much attention to something, I don’t mind anything else other
than the activity. For example, my friends yell a lot in the groups, but I focus on
my task and never care about anything other than it. (S2-Low Achiever, Interview)

For example, we were doing an activity about measurement of time. | was just
thinking about the activity while solving them. | had already finished it all, but |
kept thinking about the task until | realized that we were going to start another
lesson. | was ruminating a lot. | didn't want to go to another class. The reason for
these feelings may be because | like math lesson a lot, it is fun, and I get help
from my teacher and my friends. (S4-High Achiever, Interview)

There were moments when | did not realize how time flew. Time was flowing
like water for me. That was so fun. We couldn't understand how to grasp time. At
first, hard things flowed like water. Easy things were finished quickly, and we
were waiting for others. But we were losing ourselves more in difficult activities.
We didn't know how time went by. Even though the time flew by, we were trying
again. We were more motivated and more working hard to do the activity to get
it done right away. (S6-High Achiever, Interview)

When the activity materials were given, we would always gather with my
friends, take the opinions of each other and immediately dive into the subject.
That forty minutes passed for me like three minutes. (S2-Low Achiever,
Interview)

Generally, time passes quickly in mathematics lessons. Because it's fun. | like
team unity. Time passed very quickly, we never really understood. The lessons
seemed to take 10 minutes or so.” (S7-Low Achiever, Interview)

Time passed very quickly in math class, because when you do activity, you have

fun and you do not understand how time passes. (S10-Medium Achiever,
Interview)
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In the diaries they wrote, the students expressed their thoughts about the completion

of the lessons and the passing of time quickly. They stated their feelings as follows:

The course was fluent. | don't understand how the time went. (D28, Diary)
The lesson was a lot of fun, it ended very quickly. (D29, Diary)

The course was very good today. Our lesson was very fast, | didn't understand
what happened. (D14, Diary)

4.4.2.3. Social effects.
According to thematic analysis results, the instruction designed according to Flow
Theory principles had effects on social factors. However, this theme was handled
under two sub-themes because both positive and negative effects were observed

regarding the social effects. Table 4.21 presented these sub-themes and their

corresponding codes.

Table 4.21

The Sub-Themes and Corresponding Codes for the Social Effects

Themes Codes fint  fobs  faia  Srotal
Positive Social Effects

1. Cooperation 7 11 - 18

2. Democratic Attitude 2 2 - 4
Negative Social Effects

1. Conflict 2 3 - 5

2. Competition 2 1 - 3

3. Physical Conditions - 1 4 5

4.4.2.3.1. Positive social effects.

As seen in Table 4.21 the positive effects of the instruction regarding the social

dimension were labeled as Cooperation (f = 18) and Democratic Attitude (f = 4).
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The first social effect in a positive sense was that the students learned to cooperate,
help each other and contribute to each other's learning in the instructional activities
based on Flow Theory. While students learn to work in cooperation, they
communicated with their friends face to face or on social media, and shared their
thoughts about activities, asked their questions to the classmates. By this way, this
instruction method helped students strengthen their friendship as well as learn to study
cooperatively. Some examples of students’ statements and observation notes about

cooperation can be given as follows:

It was observed that students help each other's drawings within the group. (04,
Observation)

The individuals in the group were doing their best for each other to learn, as they
had to make a logical explanation of the answers given. (08, Observation)

| feel good in math classes, because of the support of my friends, as we go
together with teamwork. They comfort me, and | comfort them. Everything is not
on me, not on them. We progress by helping. When something bad happens, for
example, when we can't do anything, another friend helps us. | love mathematics
lessons because there is cooperation. (S7-Low Achiever, Interview)

In math class, we become a real team with my teammates, which making me feel
intimacy with my friends. Our friendship was getting better, never breaking.
Friendship relations were getting better. (S9-Medium Achiever, Interview)

When we found different results in the questions, we were arguing among us.
Hence, the math lessons were very good, because we would do discussions. In
addition, we did not make individual, we did together with our teammates, and
we were collaborators. (S8-Medium Achiever, Interview)

When the mathematics lesson finished, we were talking to other groups about
how we learned or what happened today. When we went home, we were solving
guestions together. We also had a group on social media where we shared our
thoughts about what we would learn in the activity. When the activities were over,
we started not to talk too much about math. (S8-Medium Achiever, Interview)

Later on, the other positive effect of the instruction on social dimension of the students
was about Democratic Attitude. The thematic analysis revealed that the activities in
mathematics contributed to the development of students’ perceptions about the
concepts like democracy, equality etc. While explaining how they decided on the
designs as a group during the activities, another student used the following expressions

that could be an example of democratic attitude:
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During the activities, everyone was drawing their own ideas on paper. Later, we
also agreed by voting among us. We were all looking, everyone chose one of the
designs. As a result, we were deciding together. (S4-High Achiever, Interview)

While one of the students was explaining how they did the division of labor during

group work, he used the following expressions about the equality:

Actually, I'm not different from them, I'm similar to them. So they were making
me the head of the group as well, and | was very happy at those activities. (S6-
High Achiever, Interview)

4.4.2.3.2. Negative social effects.

In contrast to positive effects, the thematic analysis revealed some negative social
effects of instruction. As seen in Table, 4.21, these effects were labeled as Conflict (f
= 5) and Competition (f = 3) and Physical Conditions (f = 5).

The first negative social effect was about the conflict of opinion especially among
students who were teammates. During the activities, it was reported that there were
differences of opinion and even quarrels between the subjects for various reasons. For
example, not being able to distribute tasks equally, not considering each other's
opinions, not contributing enough to group work are some of them. While one of the
students were explaining why they would sometimes wish to do something else other
than that activity, he reflected the following sentences:

Sometimes there were small disagreements with my friends, when we were trying
to decide how we should do the tasks. At that time, | would think that I wish |
was doing something else. (S8-Medium Achiever, Interview)

Later on, another student expressed their complaint about their ideas being ignored,

although he liked the activity:

Although the activities were very nice, | had a problem in an activity, because of
my friends. They didn't care about some of my ideas. (S2-Low Achiever,
Interview)

According to the results of the thematic analysis, it was revealed that some of the
students had difficulty expressing themselves as a result of this conflict that occurred
in some groups. They thought that they would be mocked by their friends because of

their wrong ideas. For example, an student stated their feelings as follows:
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| felt a bit of stress when | couldn't do my task, or | didn't contribute to my group.
I was afraid that my friends would think badly about me. (S9-Medium Achiever,
Interview)

Another result of the thematic analysis was that students had extreme sense of
competition during the activities. It was observed that sheer amount of competitive
attitude caused problems such as the students experiencing excessive excitement and
ambition at the time of activity, having occasional quarrels with other group members
and decreased sharing. Some students, on the other hand, expressed their discomfort
from the group members who were excited and loud, losing control due to the effect

of competition. For example, one of the students stated his feelings as follows:

Sometimes when my friends yelled, | felt bad. Because when they were overly
greed like ‘we’ll do better, we’ll do faster’, | couldn’t learn anything. | don’t know
why they were doing this, but | was getting bored at that moment. In addition,
their voices were getting louder, so | was bored, because we were not doing that.
(S1-Low Achiever, Interview)

Finally, the Physical Conditions of the classroom also had a negative impact on the
social dimension, because the classroom was small, while the class was crowded. For
this reason, during the activities, there were problems such as students not being able
to hear each other due to loud noises and not being able to see the board due to the
insufficient seating arrangement. Some of the students stated their thoughts in the

diaries as follows:

This lesson | could not see the board. Because the next row of friends is tall and
their rows are higher than ours. (D32, Diary)

I am a little confused because there is a lot of noise in our classroom. | would like
a quieter classroom environment. (D20, Diary)

4.5. Summary of the Quantitative and Qualitative Results

In this section, a summary of the quantitative and qualitative results will be presented,
and implications for how qualitative data explain quantitative data will be given. In
the first research problem, it was examined whether there was a difference between
the mathematics achievement and mathematics retention scores of the experimental
and control groups. Accordingly, the results indicated that the retention test scores of
experimental group were significantly higher than that of control group. In other
words, instruction in experimental group had significantly more effect on students’
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mathematics retention test scores than the instruction in control group. According to
the results obtained from the analysis of qualitative data, the instruction applied in the
experimental group had effects on the cognitive efficiency of the students, which
supports this result. In particular, the students stated that they learned mathematics
better thanks to the activities, their learning was long-lasting, their effort to learn
mathematics increased, the subjects they learned in the lesson made it easier for them

to learn other lessons and subjects as well.

In the second research problem, it was examined whether there was a difference
between posttest Flow, Boredom and Anxiety Subdimension scores of the
experimental and control groups. First, the results indicated that the experimental
group had significantly higher FSD scores than control group on posttest. Accordingly,
students who learned in experimental group experienced more flow state than control
group. In addition, instruction carried out in the experimental group had an effect on
increasing the flow experiences of the students, while the teaching conducted in the
control group did not have any significant effect on the flow experiences of students.
According to the findings obtained from the qualitative data, it is seen that the themes
of both motivational effects and effects on cognitive efficiency support this finding.
Accordingly, in the qualitative data, findings reflecting the flow state such as the
students' intense concentration on learning activities during the lesson, the loss of self-
consciousness that occurs in the form of forgetting their needs or problems when
conducting activities, and the feeling of not being able to understand how time passes
were found. In addition, findings were obtained such that the students had fun while
learning in the experimental group and that participating in the activities gave them

pleasure, which represent the flow experience.

Secondly, the instruction applied in the experimental group provided a significant
decrease in the Boredom Subdimension posttest scores of the students, but instruction
conducted in the control group did not have any significant effect on the boredom state
of subjects. However, the posttest BSD scores of experimental and control groups did
not significantly differ after the experimental process. According to the findings
obtained from the qualitative data, it was determined in the interviews, observation

notes and students’ diaries that the students who learned in the experimental group
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participated in these lessons with more pleasure, did not get bored in the lesson, on the
contrary, they had fun while learning.

Third, the results indicated that the Anxiety subdimension posttest scores of the
experimental and control groups did not differ significantly. Additionally, the pretest
and posttest scores of each group did not differ significantly. These results seem to
indicate that learning through instruction applied in experimental group did not have
any effect on reducing students' anxiety. However, some findings obtained from the
qualitative data reveal that the students who learned in the experimental group did not
experience negative emotions such as anxiety and stress, on the contrary, they enjoyed
participating the courses. This supports the finding that students have low anxiety

levels both in the pretest and posttest.

In the third research problem, it was examined whether there was a difference between
posttest Mathematics Motivation scores of the experimental and control groups. The
results indicated that the posttest Mathematics Motivation scores compared to pretest
scores of experimental group significantly higher than that of control group. In other
words, learning through the instruction applied in experimental group had significantly
more effect on increasing students’ mathematics motivation than the instruction
applied in control group. Findings from qualitative data indicate evidence supporting
this result. Accordingly, it was determined that the students learning in the
experimental group had both intrinsic motivation and extrinsic motivation
experiences. It was found out that the students participated in the mathematics lesson
with great enthusiasm, they enjoyed participating in the lesson, they participated in the
activities in the lesson for the sake of the activity (autotelicity), and thanks to these
activities their effort to learn mathematics increased. Additionally, while intrinsic
motivation was the most frequently mentioned sub-theme, students also mentioned
that instruction had an effect on their extrinsic motivation. These factors related to
extrinsic motivation appear more as the expectation of gaining someone's praise and

high grades.

Findings related to fourth research question which asks the opinions of the students

about the instruction conducted in the experimental group indicated that the students
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in the experimental group generally reported positive opinions, effects and
contributions about the instruction. According to the results of the thematic analysis,
the findings were discussed under two main categories as characteristics and effects.
While the themes examined under the first category included the characteristics of
mathematics instruction and of the teacher, the second category included three themes,
namely, the motivational, cognitive efficiency and social effects of instruction.
According to the thematic analysis results, the mathematics instruction conducted in
the experimental group had some level of challenge, included clear goals, immediate
feedback for the subjects, provide a sense of learner autonomy and attracted their
interest. The teacher had a positive affective attitude towards students, and her
teaching style was found efficient by the students. Additionally, the instruction in the
experimental group helped students learn while having fun, feel intense concentration
and immersion. Finally, the students mentioned that the instruction they received had
mostly positive social contributions such as cooperative learning and democratic
attitude, but that sometimes negativities arising from conflict and competition could

occur within the group studies.
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CHAPTER V

DISCUSSION

In this chapter, the findings obtained from the quantitative and qualitative data were
discussed along with the relevant literature. Additionally, recommendations were
given in terms of future research and applications in the following sections of the

chapter.
5.1. Discussion of the Results

In this section, discussions about the findings obtained from fifth-grade students'
achievement, retention, flow state and motivation on Mathematics Test, Flow State

Scale in Mathematics and Mathematics Motivation Scale, respectively.

5.1.1. The effect of instruction designed based on Flow Theory and RME

approach on mathematics achievement and retention scores.

According to the results presented in the previous chapter, mathematics retention test
scores of the experimental group are greater than that of control group, while
experimental and control groups’ immediate mathematics scores did not differ
significantly. In addition, for the experimental group, the difference between pretest
and posttest scores, between posttest and retention test scores, and between pretest and
posttest scores were found statistically significant. On the other hand, for the control
group, the difference between pretest and posttest, between pretest and retention test
scores were found statistically significant, while between posttest and retention test
scores were found statistically non-significant. This seems to imply that the instruction

applied in the experimental group had significant effect on both posttest and retention
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test scores, while the instruction applied in the control group had significant effect only
on the posttest scores of students.

It is possible to come across studies in the literature supporting the result of the current
study that the mathematics posttest scores of experimental and control groups did not
differ (Admiraal et al., 2011; Annetta, Minogue, Holmas, & Cheng, 2009; Kirchhoff,
2013). For example, in the quasi-experimental study conducted by Annetta et al.
(2009), it was aimed to evaluate whether the game supported instruction created by
the teacher has an effect on the cognitive characteristics of the students within the
framework of Flow Theory. In the study, no significant difference was observed
between the experimental and control groups in terms of learning measured by

genetics unit test.

Supporting the result of the current study that Flow Theory-based instruction
significantly increased the mathematics posttest scores compared to pretest scores of
experimental group, a literature review conducted by Dos Santos et al. (2018) revealed
that almost half of the experimental studies indicated that the use of Flow Theory
increases learning, but only one of the studies showed that the learning of students who
experienced flow decreased. At the same time, this finding is also consistent with the
results of a dissertation study conducted by Tunali (2010) which compared the
students’ achievements in mathematics teaching using RME principles that are parallel
to Flow Theory, and in teaching with constructivist approach. Accordingly, it was
concluded that mathematical knowledge was achieved in both experimental and
control groups. However, Admiraal et al. (2011) determined that flow has no effect on
learning outcome of students, which contradicts the result of the current study.
Additionally, the study conducted by Kirchhoff (2013) indicated that the achievement

in reading was not related to the flow-type experiences.

One of the reasons why there is no difference between the mathematics posttest scores
of the experimental and control groups might be that the students in the experimental
group were not accustomed to the intervention, and that the experimental procedure
was applied in a limited time. As advocated by Korkmaz (2017) and Aydin Unal
(2008), the continuation of the experimental process in longer periods may positively
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affect student behaviors towards the course both cognitively and affectively by
increasing the familiarity of students to the instruction type.

The results obtained from some studies in the literature contradict the result that there
is no significant difference between the mathematics posttest scores of the
experimental and control groups obtained from the current study (Aremu & Adebagbo,
2016; Chang, et al.,, 2012; Hamari et al., 2016; Heine, 1997; Korkmaz, 2017
Sedighian, 1998; Yetim Karaca & Ozkaya, 2017, Zakaria & Syamaun, 2017; Zheng,
2012). For instance, Aremu & Adebagbo (2016) investigated the effect of game-flow
strategy on students’ mathematics achievement. The results of this study showed that
the mathematics achievement of the group exposed to game-based instruction which
included flow elements was significantly higher than that of other group exposed to
the traditional method of teaching. Similarly, in the study conducted by Chang et al.
(2012), mathematical problem-solving skills of fifth grade students who were exposed
to game scenarios supported by flow model were higher than the students taught with
traditional paper-based method. The results of dissertation study conducted by
Korkmaz (2017) revealed that the experimental group students who learned
mathematics through RME-based instruction had significantly higher academic
achievement scores than that of control group.

In the current study, a significant difference was found between the mathematics
retention test scores of the experimental group and the control group in favor of the
experimental group. That is to say, instruction based on Flow Theory principles and
enhanced with RME was more effective on mathematics in long-term. This can be
considered as a positive and important result, since the main purpose of teaching is to
provide permanent learning (Song, 1992). When the posttest scores of the
experimental group are compared with the retention test scores, it is noteworthy that
the experimental group significantly increased its scores even after the experimental
procedure. However, when the posttest scores of the control group students are
compared with the retention test scores it is seen that the scores of this group decreased.
The factors for this result might be that, as revealed in the qualitative results, the
instruction applied in the experimental group might have increased the effort of the
students. According to Dinapoli (2018), students show deliberate practice, their effort
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and perseverance increase in activities which are challenging to them, have clearly-
defined goals, provide students the control of their actions and scaffolding. Therefore,
experimental group students may have spent more time to learn mathematics after
school. Additionally, instruction they received might have enhanced their effort to
learn mathematics and made them realize that mathematics is important and useful in
daily life. Realistic tasks may have increased students' interest in mathematics, made
them more dabble in studying mathematics, because students in experimental group
learned through play-like activities which were appealing to them. They have the
opportunity to learn mathematics as if they were playing a game, by being physically
active, explore new things, increase their boundaries, interact with peers. Thus,
students may have participated the learning activities for the sake of learning
mathematics and might have continued to study and learn mathematics with their own
efforts, since studying mathematics kept their interest even after the experimental
process ended.

One of the reasons why the experimental group students achieved significantly higher
scores in the mathematics retention test might be that the students in this group learned
with RME approach. In the RME approach, students have the opportunity to learn
concepts in a way similar to the invention of mathematics by guided reinvention
principle. In this method, students acquire formal knowledge based on informal
strategies. In addition, students can create their own learning models based on real-life
examples and can provide meaningful learning of concepts in line with the horizontal
and vertical mathematization process. As a result, learning based on experiences and
needs in daily life ensures more long-lasting knowledge (Bintas et al., 2003;
Freudenthal, 2002; De Lange, 1987; Gravemeijer, 1994). The RME approach may
have enabled students to overcome their difficulties about the mathematics course and
to learn mathematical concepts as a part of daily life, thus ensuring that the learning is
permanent (Yetim Karaca & Ozkaya, 2017). In the literature, there are several studies
supporting the finding that using the RME approach in mathematics teaching
positively affects students' retained scores in mathematics (Bintas, et al., 2003; Can,
2012; Demirddgen, 2007; Ersoy, 2013; Verschaffel & De Corte, 1997). For example,
in the study conducted by Verschaffel and De Corte (1997), the mathematics retention

test scores of fifth-grade students studying with RME reveal that this method has a
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longer effect even after the experiment ends. Similarly, Can (2012) determined that
3rd grade students who learned with RME-supported mathematics teaching obtained
significantly higher retention test scores than the control group in which the activities

in the textbook prepared with the constructivist approach were applied.

The use of RME in the experimental group may have enabled the students to obtain
more retained scores in mathematics, as RME attracted the interest of the students. The
use of RME approach in flow-based instruction might be effective on this result due
to didactical phenomenology principle. This principle requires that the instructors
design appropriate problem situations and sample procedures in which students reach
generalizations and vertical mathematization (Altun, 2008), as mathematics emerged
from similar ways in historical processes (Bintas, et al., 2003). Thus, students might
find the opportunity to learn the information permanently, not by memorizing the
concepts, but by researching, discussing and trying the solutions to the problem
situations that meet their needs. Learning mathematical concepts based on the needs
and problems encountered in daily life might help to attract students' interest. The
study of Schiefele & Csikszentmihalyi (1994) demonstrated that interest contributed
significantly to the prediction of achievement in subjects such as mathematics, biology
and history. In another study conducted by the same researchers, the results showed
that the interest and achievement mutually affect each other (Schiefele &
Csikszentmihalyi, 1995). According to RME approach, the more the subjects are
related to the students' experiences and are exemplified from their daily lives, the more
interest of learners and permanent learning of the subjects will occur (Demirddgen,
2007). Finally, in the study conducted by Bintas et al. (2003), it was determined that
seventh grade students who learned symmetry as suggested by the RME approach
retained the knowledge for a long time, even though they did not do any repetition

after the treatment process.

Another reason for the result that experimental group had significantly higher
mathematics retention test scores than the control group might be the immediate
feedbacks provided to students when they needed, which is supported by different
studies in the literature (Jang & Marshall, 2018; Phye & Bender, 1989). According to
the results of the study conducted by Jang & Marshall (2018), feedback provided long-

172



term retention of the students by strengthening the memory of the correct answers and
correcting their mistakes/errors in their prior knowledge and reinforcing the correctly
learned information. Similarly, according to the results obtained from the study
conducted by Phye & Bender (1989), it was revealed that the immediate feedback had
a significant effect on the retention scores of the test applied to measure the university-
level students’ learning of several difficult vocabulary items. In the current study, the
students were given immediate feedback from their teacher and group mates, as the
feedback has a function that can initiate mental processes such as evaluating newly
learned information, comparing this information with existing ones, and revealing

and/or rearranging beliefs (Brandl, 1995).

Moreover, the reason for obtaining such a result might be that the students in the
experimental group were taught through cooperative learning, supported to study with
their peers in order to complete the given tasks. There are studies in the literature which
support this finding. For instance, Topping (1996) stated that learning with peers and
studying cooperatively enabled individuals to discuss their opinions, to apply what
they have learned more effectively and easily, to have more meta-cognitive awareness
and to improve their long-term retention. In addition, providing opportunities for
interaction, communication, and relationship with more than one participant in a
cooperative learning environment will make it easier for students to have different
experiences, to learn by discovery and to acquire new information, and will have a
positive effect on the retention of what has been learned (Lynch, Holden, Foley,
Harrington & Hussey, 2013).

Giving more autonomy and control to the students who learn with the Flow Theory
principles in the experimental group might be another reason for the result that these
students had higher retained maths scores than the control group. However, in some
studies in the literature, there are findings revealing that the curricula approved by
MOoNE do not sufficiently support students’ autonomy (Kaya, 2018). In the literature,
there are two different views on the relationship between learner control and variables
such as engagement, achievement, satisfaction, retention, etc. While one of them
claims that learner control increases the engagement of learners by enabling them to

make decisions about their own learning, others argue that giving learner control will
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negatively affect the retention of knowledge, since it has not been sufficiently proven
yet how much control should be given to learners (Karim & Behrend, 2013). However,
in the study conducted by Orakc1 and Gelisli (2019), results supporting the findings of
the current study were obtained. The researchers stated that learning activities based
on student autonomy enabled students to achieve higher retention scores than the
control group in the English course. Similarly, Alsharari and Alshurideh (2020) found

out that the learner autonomy affected positively the retention scores of the learners.

5.1.2. The effect of instruction designed based on Flow Theory and RME

approach on flow, boredom and motivation.

In the present study, the results demonstrated that the Flow Subdimension, Boredom
Subdimension, and Motivation scores of experimental and control groups somewhat
differed significantly. That is, there was a significant difference between posttest FSD
scores of experimental and control groups in favor of the experimental group. In
addition, the results of the study indicated that the instruction in the experimental
group had a significant effect on FSD scores of the subjects on posttest compared to
pretest. Additionally, the results revealed that experimental group had significantly
lower BSD scores on posttest compared to pretest. The results of the current study also
indicated that the experimental group’s posttest motivation scores compared to pretest

scores were greater than that of control group.

In the literature about Flow Theory, there are many studies that both support and
contradict the results of the current study (Alperer, 2005; Bourgeois, 2012; Chan &
Ahern, 1999; Engeser & Rheinberg, 2008; Esteban-Millat et al., 2014; Heine, 1997,
Inal and Cagiltay, 2007, Latz, 2012; Middleton, 1995; Uzel, 2007; Rogatko, 2009;
Santosa, 2015; Schweinle et al., 2006; Zheng, 2012). For example, the study conducted
by Heine (1997) determined that the students who benefit from the instruction which
is offered with more complex facilities related with Flow Theory (such as social
interaction, student autonomy, giving students the right to choose, high-level cognitive
requirements for challenging tasks) had higher levels of flow state than other students.
However, Zheng (2012) investigated the flow experience of fifth grade students in an

instruction of science course designed by game-flow elements. The results of the study
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indicated that although the experimental group students had high flow experience after
the treatment compared to before the treatment, the flow experience scores of the
control group and experimental group students did not show a statistically significant

difference.

However, in the literature on Flow Theory, there is rarely a study examining the
boredom dimension separately (Pekrun, Goetz, Daniels, Stupnisky, & Raymond,
2010), since academic boredom has been a neglected subject that does not find enough
place in the literature (Robinson, 1975; Sharp, Hemmings, Kay, Murphy, & Elliot,
2017). In the study conducted by Eryilmaz & Mammadov (2016a), it was determined
that Flow and Boredom Subdimensions were negatively correlated, and it was
observed that while the scores of one dimension increased, the scores of the other
dimension decreased. In the current study, it was observed that the students in both
groups already had a low level of boredom even before the experiment. According to
Flow Theory, the state of boredom occurs when skills are much greater than
opportunities for using them. In addition, the boredom results when the ratio between
the complexity and skills change due to three factors: the type of activity, the phase of
the activity and the role of the participants during the activity (Csikszentmihalyi,
1975).

There could be several reasons for the results that obtained in the current study. First,
providing a balance between the challenge level of the tasks and the skills of the
students might be a factor in these results. In the literature, there are studies which
argue that the balance between skills and challenge can increase the affective features
(Egbert, 2003; Esteban-Millat et. al., 2014; Heine, 1997; Inal & Cagiltay, 2007; Huang
et al, 2018; Kiili et al., 2012; Kirchhoff, 2013; Rha, Williams & Heo, 2005; Rheinberg
& Vollmeyer, 2003; Santosa, 2015; Schweinle et al., 2006; Sedighian, 1998; Weiss,
2015). Especially, the use of activities very close to or slightly above the skill level of
the students might have been effective in the emergence of positive emotions. The
challenge of these activities was increased with the help of the questions posed by the
teacher or decreased through the tips and feedback provided by the teacher and/or
group mates, during cooperative learning of students. Thus, students’ motivation

towards mathematics might be increased, which is in line with the results of the study
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conducted by Schweinle et al. (2006). The researchers found out that using flow
elements (such as the balance between challenge and skill, supporting self-efficacy,
providing positive affect and value for mathematics) enhance the motivation of
learners during the instruction. Similarly, according to the study conducted by Santosa
(2015), it was determined that the perceived skill and challenge levels positively affect
the students' attitude and participation towards an online tutorial activity.

In addition, the results obtained from the study conducted by Esteban-Millat et al.
(2014) revealed that the challenges in a learning environment were effective in the
emergence of flow. Researchers also argued that the challenge of tasks/activities
causes a sense of flow by affecting individuals' perception of passing time that is
different from normal, and the level of concentration. Additionally, Inal and Cagiltay
(2007) investigated the flow experiences of children in an interactive social game
environment. The researchers found out that the complexity elements and challenge of
the tasks had the most important role for increasing flow experiences of students.
Moreover, Weiss (2015) found out that engagement and flow experience of
participants increased when the learning activities were appropriate for them and their
perceived skill level was flexed by challenging tasks. Similarly, in the study conducted
by Hamari et al. (2016), the effect of flow (through challenge and skill balance) on
learning during a game-flow instruction environment was investigated. The results of
this study have revealed that both the challenge of the task and the skill of the learner
have a significant positive effect on engagement and immersion of the students during
the lesson.

Another reason for the result that the instruction applied in the experimental group had
affected motivation, flow and boredom scores may stem from the autonomy provided
to the students in order to make their own decisions and share their ideas, as well as
the sense of control provided in carrying out their own actions. In the current study,
students in the experimental group were encouraged to take their actions in many
ways. There are several studies which found out that learner autonomy affects flow
experience and motivation in a positive way (Borovay, 2007; Bourgeois, 2012; Egbert,
2003; Esteban-Millat et. al., 2014; Heine, 1997; Joo et al., 2013; Middleton, 1995;
Shernoff et al., 2003; Weiss, 2015). Middleton (1995) investigated the view of students
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and teachers about what motivates them in mathematics classroom. The results
obtained from the study have shown that most of the teachers do not give learners
much opportunity to make their own choices during mathematics classes. The results
obtained from the study conducted by Egbert (2003) showed that students’ control over
the given tasks and activities enabled them to experience flow in a foreign language
class. In addition, Esteban-Millat et al. (2014) examined the effect of flow on learners’
behavioral processes in virtual learning environments and determined that the feeling
of being able to control their own actions was effective in entering the flow state. In
fact, it was indicated that the more control they acquire, the higher concentration and
absorption, which are the basic elements of the flow state, they will have.

Similarly, in their study, Joo et al. (2013) investigated whether perceived autonomy,
competence and relatedness predict learning flow of adult learners who participated a
Chinese learning course. The results of the study demonstrated that learning flow was
significantly predicted by autonomy, competence and relatedness. In another study
emphasizing learner control and social relations together, supporting the results of the
current study, Shernoff et al. (2003) stated that students engage more during a group
work than lecture instruction, because group work gives students a greater sense of
control, while lecturing gives teacher a sense of control. The results of the study
conducted by Weiss (2015) has revealed that adolescent students’ engagement and
experience of flow increased especially when they have control of the learning
environment, the learning activities were appropriate for them and their perceived skill
level was flexed by challenging tasks.

Another reason for the results obtained in the present study might be encouraging
positive affect during the experimental process. In the current study, the teacher tried
to provide empathy and to create a warm, friendly and sincere environment in the
classroom, ensuring that the students trust the teacher and each other. Additionally, the
teacher allowed some humorous elements and fun to be used in the classroom about
the stories used in the activities and in the language used by the teacher without going
beyond the topic. For this reason, the students never hesitated to ask for help from the
teacher and their friends when they did not understand, and they did not worry about
failing. The pupils in the experimental group were not evaluated for their opinions and
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answers to the questions, and they did not encounter any external reinforcement or
punishment for their answers. On the contrary, they were made to feel that even wrong
answers were an opportunity for learning. More attention was paid than usual to ensure
that the students were as warm and friendly as possible, especially when expressing
their ideas and participating in the discussions. Comforting encouragements were
often used so that students do not fear of giving wrong answers.

There are several studies in relevant literature that support the use of positive affect
might enhance motivation and flow state (Deci et al., 1999; Esteban-Millat et al., 2014;
Latz, 2012; Middleton, 1995; O’Hanlon, 1981; Robinson, 1975; Schweinle et al.,
2006). For instance, the results obtained by Esteban-Millat et al. (2014) revealed that
the attitude of the instructor was effective in the learners’ experience of flow, as it
influenced the focused attention principle of the flow experience. In other words, the
researchers stated that students experience more flow in a learning environment where
the teacher reinforces positive emotions, establishes a friendly relationship with the
students and helps them whenever they need, which is in line with the current study.
Additionally, according to the research conducted by Latz (2012), the use of elements
related to positive emotional approach in the classroom environment was effective in
students' entering the flow state, as in the current study. The same researcher also
reported that the emotional state of the teacher in the classroom has the contagion
effect to the students, that is, factors such as posture, gestures, language and tone of
voice affect the flow of students. The use of positive humor elements in the classroom
and feedback enabled more flow experience. At the same time, factors such as the
teacher's close interest in students’ extracurricular activities, solidarity with them, and
gaining their trust, safety, and communication also had an impact on the students' flow

experiences.

Similarly, Schweinle et al. (2006) revealed that the use of humor creates a fun
environment in the lesson, allowing students to experience more flow. However, in
some studies in the literature, it has been determined that in classrooms with high
boredom behavior, teachers have a more pessimistic views towards students, report
negative opinions about their education life, and show less sympathy towards such

classes (O’Hanlon, 1981). In the present study, the teacher always made the students
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in experimental group feel that they were valuable and know that the important thing
IS not to answer correctly, but to understand the subject. The positive affective manners
of the teacher, which was also reflected in the qualitative findings that discussed in the
following sections, may have enabled the students to be more interested and
participatory towards the lesson, and therefore not to be bored. Supporting this result,
Robinson (1975) determined that more boredom was observed in the classrooms where
the teachers did not show enough interest in the students and the lesson they teach.
Engeser and Rheinberg (2008) stated that the intrinsic motivation of learners might be
hindered in self-threatening learning environments. Additionally, Deci et al. (1999)
indicated that controlling elements dominated by the teacher cause learners to feel
pressure on them, thus reduce intrinsic motivation. In another study supporting this
finding of the present study, it was determined that teachers' support of positive affect

in the classroom increased student motivation (Schweinle et al., 2006).

One reason for the results obtained in the current study might be interaction and
cooperative learning that experimental group received. In the present study,
experimental group students were directed to group activities that carried out with
cooperative study and encouraged to interact with their friends during the activities,
discussing and sharing their ideas with them, and asking for feedback from the teacher
and friends, which might affect their flow state positively. During the teaching in the
experimental group, it was frequently imposed by the teacher that doing mathematics
should be interpreted as discussing and sharing opinions with peers. However, the
findings obtained in the study by Kaya (2018) revealed that the objectives in the
curricula approved by MoNE are insufficient in improving the interaction
competencies of the learners. When the relevant literature is examined, some studies
state that students' interaction with their peers and teachers, and their participation in
learning tasks with their peers positively affect the flow experience, intrinsic
motivation and decrease of boredom (Ak Sentiirk, 2010; Alperer, 2005; Armstrong,
2008; Bourgeois, 2012; Efe, 2011; Heine, 1997; Inal & Cagiltay, 2007; Once, 2020;
Rathunde & Csikszentmihalyi, 2005a; Sawyer, 2015; Shernoff et al., 2003; Uzel,
2007; Yildirim, 2019). For instance, the findings of the study conducted by Armstrong
(2008) revealed that the students who interpreted doing mathematics as a process of

discussing, understanding, and sharing with their peers had more group flow than the
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students who cared about extrinsic goals, who interpreted doing mathematics as
reaching the correct answer and obtaining written answers to the questions faster.
According to Sawyer (2015), in a group study, if all group members contribute equally
to the product, listen to each other's ideas sincerely, and group members have the
autonomy to express their opinions, the level of group flow increases instead of getting
bored.

In the current study, all activities were designed in such a way that they could learn
cooperatively and study in groups. An effort was made to help them learn mathematics
through social interaction, since the interaction of students with each other and with
the teacher is an important part of the teaching processes in RME. In line with the
results of the present study, Inal and Cagiltay (2007) have revealed that the motivation
of students was higher in studies conducted with a group compared to individual
studies. Similarly, Alperer (2005) determined that group activities were more effective
on students' emotional motivation than individual activities. In their study, Rathunde
and Csikszentmihalyi (2005a) revealed that students who spent more time studying
with peers on several projects, attending in active and collaborative tasks had higher
motivation and fun than students who spent more time in passive listening such as
lecture and note-taking, or watching educational videos. However, in the study
conducted by Liao (2006) which examined the effect of flow elements on the
emergence of flow experience in a distance learning environment at university level,
slightly different results were obtained from the finding of current study. Although the
importance of interaction was emphasized in the study, when this interaction was
among students, it did not have a significant effect on the flow experience of students.
In the interaction between student-teacher and student-interface, a significant effect

was observed on students' flow experiences.

It has been mentioned before (in the method chapter) that the application of Flow
Theory principles alone in instruction may not influence the affective characteristics
of learners, and that these principles should be considered holistically as much as
possible. Therefore, the effect of social relations and collaborative work on increasing
positive emotions depends on the provision of other flow dimensions. Findings

obtained from the study of Schweinle et al. (2006) support this notion. The researchers
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found out that the same positive affect was not observed in every classroom
environment where social interactions were supported. For example, in the classrooms
where students were threatened by the teacher in order to ensure cooperation; the
positive affect, the importance given to the course and the challenge of the tasks were

found to be low compared to other groups.

Another reason why the instruction in the experimental group was more effective on
the posttest scores of the Flow Subdimension might be that the teaching in the
experimental group attracted the interest of the students, made them see the
mathematics lesson as important and enabled them to have more engagement in the
activities. As expressed by Keller and Bless (2008), the harmony of the individual's
personality and the structural characteristic of the assigned task have a great effect on
the emergence of the flow state. The experimental group students participated in
learning processes based on activity and reality, which are the basic principles
supported by RME approach. These activities are important both to attract students’
attention and to emphasize the importance of mathematics subjects. The activities
applied in the experimental group and the use of RME, the opportunity to see
concretely in which situations mathematical concepts could be used in daily life, may
have been effective in realizing this result. Since the RME approach provides
mathematics teaching by solving real-life problems starting from the application stage
of the subjects, it both attracts the interest of students and ensures that they care about
mathematics (Altun, 2006; Can, 2012; Uzel, 2007).

There are several studies in the literature that deal with the effect of learner interest
and the importance given to the subject, and show that emphasizing and facilitating
students’ interests increase the positive perceptions of students towards school
environment, their teachers and friends, including motivation and flow state, while
decrease the level of boredom (Altintas et al., 2010; Annetta et al., 2009; Cakir, 2013;
Engeser & Rheinberg, 2008; Keller & Bless, 2008; Kirchhoff, 2013; McQuillan &
Conde, 1996; O'Hanlon, 1981; Rathunde & Csikszentmihalyi, 2005a, 2005b;
Robinson, 1975; Schweinle et al., 2006; Uzel, 2007; Yetim Karaca & Ozkaya, 2017).
For instance, Kirchhoff (2013) found out that flow-like experiences provide students

to engage in reading activities when they are interesting and appropriate with the level
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of learners. Similarly, McQuillan and Conde (1996) pointed out that the reading texts
that provide the flow experiences mostly consist of contents covering the field of
interest and compatible with the skill/knowledge level of the subjects. In addition,
Altintas et al. (2010) investigated dispositional flow of participants in terms of several
variables. They stated that the frequency, length, and type of activity involvement have
effect on some of the flow elements, such as concentration, control, competence, and
intrinsic enjoyment of participants. Additionally, in the study conducted by Engeser
and Rheinberg (2008), the flow experiences of students who participated in several
activities with different importance levels were examined. Thus, findings were
obtained showing that the importance of learning activities by the learners increases
the flow experience. Accordingly, it has been shown that highly important activities
enable individuals to experience flow even if the skill level of the activity exceeds the

level of challenge.

Additionally, fifth grade students might enjoy playing games and be interested in
games due to the needs and developmental characteristics of their age level. Therefore,
the fact that students see the learning activities as a game may have increased their
interest and engagement in these activities, enabled them to have fun while doing them,
and increased the flow state and motivation scores while decreased the boredom level.
There are some studies in the literature which show the effect of the game on the flow
state. According to the results of the study conducted by Annetta et al. (2009), flow-
producing learning activities such as games had significant effect on students’
engagement, which is in line with the findings of the present study. Moreover, the
results of the study conducted by Zheng (2012) revealed that students who learn with
the games which supports the principles of Flow Theory, learn the science subjects
better and with fun. Rathunde and Csikszentmihalyi (2005b) found out that the
students who learn in the Montessori School environments, in which didactic methods
are avoided and active participation with relevant content is aimed, had greater
intrinsic motivation, flow experience and undivided interest during activities
compared to students who learn in traditional school. In another study, Schiefele and
Csikszentmihalyi (1995) found out that the interest had significant relations with
variables such as intrinsic motivation, potency, self-esteem, importance and the

perception of skill. Additionally, the study conducted by Yetim Karaca and Ozkaya
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(2017) have shown that RME-based instruction provided higher motivation in the
experimental group than the control group. However, the study conducted by Cengiz
(2020) indicated that RME-based mathematics instruction did not have any effect on
the motivation scores of experimental group, while the control group decreased their

motivation scores on posttest compared to pretest as in the present study.

As O'Hanlon (1981) stated that boredom behavior occurs suddenly, as a result of
frequent encounters with a situation that individuals are used to. However, the
activities applied in the experimental group may have reduced the boredom behavior
of students since they included learning scenarios that students did not experience
before. Furthermore, the learning activities may have attracted students' interest as
they provided real-life examples using the principles of RME approach. In the study
conducted by Robinson (1975), it was determined that useless and uninteresting school
subjects were closely related to students' boredom states. However, Flow Theory-
based mathematics teaching might have made students less bored as they learn by
experiencing how mathematical concepts can be useful in daily life. In line with this
result of the present study, Schiefele and Csikszentmihalyi (1994), have revealed that
the interest of learners was a significant predictor of the intrinsic motivation, quality
of experience and grades in several courses including maths. Similarly, the study
conducted by Chan and Ahern (1999) examined the effect of content relevance of the
activity on motivation of learners. The results revealed that the content of the activity
had a great effect on motivation. Moreover, the results of Ak Sentiirk’s (2010) study
have revealed that the interest, autonomy, focus and the challenge levels students have
on the activities had significant effect on their emotional motivation. However, in the
study by Zakaria & Syamaun (2017), the results indicated that mathematics teaching
according to RME did not cause any difference in the attitudes of the experimental and
control groups towards mathematics. Similarly, the results of the dissertation study
conducted by Korkmaz (2017) have shown that the attitudes of students towards
mathematics lesson were statistically different to the detriment of experimental group

in which RME based instruction was applied.

One of the reasons for the results of the current study might be the extensive use of
immediate feedbacks that enable the students to elaborate and clarify their answers in
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the instruction applied in experimental group. In the literature, there are several studies
stating that using immediate and effective feedback supports affective features
(Bourgeois, 2012; Csikszentmihalyi, Abuhamdeh, & Nakamura, 2005; Schweinle et
al., 2006). For example, in the study conducted by Schweinle et al. (2006), it was
concluded that students in classes where feedback was used frequently reported higher
level of efficacy and importance of the course than students in other classes. Deci,
Koestner and Ryan (1999) states that the form of the feedback, the way it is perceived
by the students, and whether it is informative or not is important. That is, while
autonomy-supportive feedback increases motivation, feedback perceived as
controlling may even lead to a decrease in student motivation. Thus, the teacher must
have provided the motivation of the students towards the mathematics lesson by

ensuring that they obtain the necessary messages when they needed.

5.1.3. The effect of instruction designed based on Flow Theory and RME

approach on anxiety subdimension scores.

The results of the study indicated that there is no significant difference between two
testing times of Anxiety subdimension for the experimental and control groups. In the
present study, Anxiety subdimension scores of both the experimental and control
groups showed similar changes in the pretest and posttest. Although the mean scores
of the experimental group on Anxiety subdimension decreased in the posttest
compared to the pretest after the experimental process, this decrease did not make a
significant difference. Similarly, control group students’ mean scores on Anxiety
subdimension slightly decreased in the posttest compared to pretest, but this decrease

did not make any significant difference either.

In the literature, there are several studies which determine that there exists a negative
relationship between anxiety and flow dimensions. For example, in the study
conducted by Eryillmaz & Mammadov (2016b), a moderate negative correlation was
found between Anxiety and Flow dimensions. In addition, Koehn (2013) reported that
the symptoms of anxiety might cause a negative suppressing effect that prevents the

emergence of flow.
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The reason why there was no significant difference in the Anxiety subdimension
scores of the experimental and control groups may be that both groups already had a
low level of anxiety even before the treatment process. When we look at the relevant
literature, it can be said that the findings obtained from the study conducted by Franke
and Bogner (2013) on the situational emotions (interest, well-being and anxiety) of
high-school tenth grade students in the gene technology course are in line with the
results of the current study. Accordingly, there was no significant difference between
the anxiety levels of two groups, and the students of both groups showed a very low
level of anxiety. Additionally, Chen and Pan (2015) stated that the anxiety of students
in learning foreign language negatively correlated with the autonomy, which
supported by flow-based instruction during the tasks. Unlike the findings of the present
study, in the study conducted by Rogatko (2009), the group with higher flow scores
showed a greater decrease in negative emotions compared to the other group which

had lower flow scores.

The instruction level applied in both groups and the challenge level of the activities
might not have exceeded the skill levels of the students excessively. The anxiety is a
concept that arises in situations where a very high level of challenge and a low level
of skill coincide (Csikszentmihalyi, 1975; Csikszentmihalyi & Nakamura, 2014;
Whalen, 1997). However, Egbert (2003) states that a certain amount of anxiety and
stress should be present in order for students to experience flow. According to Flow
Theory, the sense of anxiety functions as a mechanism that regulates whether actions
are done correctly. The individual realizes that it is going well if he feels the control
of his actions, whereas the awakening of anxiety immediately indicates that it is getting
worse and needs to make adjustments. Thanks to this feedback cycle received by the
individual during the activity, the individual is forced to improve his skills and enters
the flow channel again by getting out of the anxiety state (Csikszentmihalyi, 1975).
Tramonte and Willms (2010) have obtained results that support this situation in their
study on the presence of anxiety in individuals between the ages of 6-12. Accordingly,
the highest anxiety occurred in individuals with low-skill in activities with high-
challenge. They also determined that perceived skill level had more risk factor than
the level of challenge in an activity.
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5.1.4. The discussion on opinions of experimental group students about the

instruction

In this study, the opinions of fifth-grade students about mathematics instruction in line
with the principles of Flow Theory were investigated. The qualitative data were
analyzed through thematic analysis as mentioned in data analysis part of the method
in the previous chapter. The opinions of experimental group students have revealed
that they generally expressed positive opinions about the teaching process and
activities. In relevant literature, it is seen that the opinions of the participants about the
teaching activities in terms of Flow Theory and motivation were examined in similar
categories or themes (Miles, 2012; Montanez, 2011; Once, 2020; Pearce, 2004). In the
present study, the opinions of students include the characteristics of mathematics
instruction and the characteristics of the teacher who performed the teaching.
Additionally, the students mentioned that the instruction had effects on their cognitive,

motivational, and social aspects.

First of all, when describing the characteristics of the mathematics instruction, it has
been stated that mathematics instruction based on Flow Theory principles has a
challenge in accordance with the perceived skills of the students. According to the
results of the thematic analysis of the data obtained from the interviews, observation
notes and student diaries, most of the students stated that the activities applied in the
lessons had a medium challenge; while a few students stated that these activities
exceeded their level. Thus, the students were able to see their own progress and stated
that they were more motivated to participate in the lesson. This view coincides with
the study conducted by Inal and Cagiltay (2007), which indicates that the students who
did not feel any challenge during the game activities could not experience the flow
state. In addition, Bianca (2000) concluded that the more an instruction is compatible
with the learning speed of the students, interactive and challenging, the more likely
students’ engagement increase in the lesson, which is in line with the findings of the
present study. As Csikszentmihalyi (1985) stated that if individuals’ skills and
challenging activities are balanced on an above average level, then they feel most

positive about the experience, since they operate with their fullest capacity.
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Another characteristic expressed by students is that mathematics instruction designed
according to Flow Theory and enhanced with RME has clear goals. The data obtained
from the interview and observation reports showed that the students understood the
purpose of the lesson and the activity clearly, thanks to the teacher's explanations, the
exchange of ideas among the students and the clear expression of the activity
instructions. One of the most important conditions of flow state is that the purpose or
goals are clearly and realistically determined (Csikszentmihalyi, 1990). Mannell and
Bradley (1986) demonstrated that the participants experienced more concentration
during tasks with clear goals, which is consistent with the assumption made by
Csikszentmihalyi and Rathunde (1993) that flow experience is more likely in activities
in which the goals are clear and understandable. Additionally, Schere (1998) found
out that classroom activities that have clear goals help students to experience flow state
and positive mood. Similarly, Meyer and Jones (2013) stated that a teaching activity
has clear goals as one of the factors that ensure course satisfaction of university
students. The results of the study conducted by Sillaots (2014) have found out that the

goals are clear in teaching activities based on Flow Theory.

Another finding obtained from the thematic analysis of qualitative data was that
students were able to receive clear and instant feedback in mathematics teaching where
Flow Theory principles were used. Thanks to these feedbacks, the students stated that
they easily learned the points they did not understand, so that they could make progress
during the activity. They also stated that they were able to cooperate more with their
friends and increase their communication between them. In line with this result,
Sillaots (2014) demonstrated that the students were able to get enough feedback
whenever they needed it, during the instruction which included the principles of Flow

Theory.

The thematic analysis results show that students are free to make their own decisions
and express their opinions in the classroom, and therefore, mathematics instruction
designed according to Flow Theory supports students' sense of control and autonomy.
This is also in accordance with the literature (Ke & Abras, 2013; Meyer & Jones, 2013;
Schweinle et al., 2006; Turner et al., 1998). Students' sense of control and autonomy
might have enabled them to fulfill their own responsibilities, to engage more in the
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activities, to take the floor in group and intergroup discussions and not hesitate to
express their opinions. According to Deci and Ryan (1987), giving the control to the
students is a central principle of intrinsic motivation to learn, while the control of
teacher causes lower motivation. In support of this finding of the present study, the
results of the study conducted by Griffiths (2016) determined that giving students
autonomy and control about their working styles in assignments and providing a
positive relationship with the teacher provided them more intrinsic motivation. In the
study conducted by Ke and Abras (2013), it was determined that providing individuals
with special learning needs the opportunity to define their own identities and allowing
them to determine the process steps during the tasks or games created a sense of

autonomy for the participants, as in the design of the instruction in this study.

The students who learn with the mathematics instruction designed according to the
Flow Theory principles mentioned that this course aroused their interest. The materials
used in the course, activities, technological support and visuals, physical activity and
real-life examples suggested by RME may have influenced this view of the students.
Students stated that they were worried about some units or topics that they were not
good at in mathematics before, but they found mathematics interesting and
entertaining thanks to the activities they participated in. The study conducted by
Schiefele and Csikszentmihalyi (1995) had results that support these findings.
Similarly, in line with the finding of present study, Korkmaz (2017) found out that the
instruction carried out according to RME is found more fun, interesting and preferred
by the students. In addition, in the dissertation study conducted by Altayli (2012),
students expressed that RME-supported instruction increased their interest in the
lesson, helped them feel happy and enjoy the lesson. In the present study, the students
stated that they felt as if they were living the situation in real life while doing some
activities, which attracted their attention. Similarly, the study conducted by Inal and
Cagiltay (2007) revealed that students feel as if they live in the environment while they
participate in the activities that attract their interests, such as games. Additionally, the
study of Miles (2012) indicated that interest was obtained as the most effective
prerequisite for the emergence of the flow state. Whalen and Csikszentmihalyi (1991)
stated that having the opportunity to choose helps students develop sustained attention,

process-oriented skills, and identify their interest. Turner et al. (1998) determined that
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the teacher in the high-participation classroom taught with interesting content in a way
that would interest all students in mathematics, while the teachers in the low-
participation classrooms aimed to reach the correct answers or achieve a grade. In the
study conducted by Cakmak et al. (2015), the flow state of doctoral students was
examined, and according to the data obtained from the interviews, it was seen that
interest in the field emerged as an important theme in the study, which is line with the
present study. Lastly, as a result of the interviews conducted with the teachers, Ak
Sentiirk (2010) determined that the subjects attracted more interest of the students
because they were similar to real life, which contributed to the students' willingness to
participate more in the activities.

While the students expressed their opinions about the mathematics lesson, they also
talked about the characteristics of the teacher who carried out the lesson. According to
the students, the teacher reflected positive affects during teaching. That is, the students
mentioned that the teacher, whom they described as very kind, tolerant, patient, and
sympathetic, also had a fun personality and loved them. This result of the present study
is supported by the study of Schweinle et al. (2006), which indicated that teachers’
characteristics such as using positive affect, showing sensitivity and kindness towards
students help to increase the enjoyment and interest towards mathematics lesson.
Accordingly, students taught by different teachers stated that teachers employ different
levels of positive affect, and it was observed that students in the classroom where
positive emotions were supported at a higher rate indicated higher mathematics
motivation. Additionally, the qualitative results of the study conducted by Turner et
al. (1998) indicated that the teacher of the high-participation group softened students’
frustrations when they had difficulty by using humorous elements in the classroom.
However, in the low-participation group, the teacher took over the operations for the
students without giving them to struggle, implying that many of the students would

not remember it.

In addition, students mentioned that the teacher had a good teaching technique, that
she taught effectively and fluently, and constantly encouraged them to express their
thoughts without any hesitation, to involve in discussions, which helped students learn

better than the previous teaching style before the experiment. In addition, the thematic
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analysis results showed that the teacher frequently asked questions that required
students to explain the answers of other students in the class and validate their ideas,
which was seen by students as one of the elements that ensure effective teaching. In
the literature, there are studies showing that teachers use different techniques in order
to provide effective teaching (Ak Sentiirk, 2010; Jiang, 2014; Schweinle et al., 2006;
Turner et al., 1998; Yilmaz, 2019). For example, the result of the current study is in
line with the study of Schweinle et al. (2006). In addition, the results of the study
conducted by Jiang (2014) are parallel with the result of current study, indicating that
the students interpreted the teacher asking questions as an effective teaching method
because all students have to actively participate in answering the questions. Similarly,
according to the dissertation study conducted by Yilmaz (2019), students' ideas and
real-life examples are among some of the tools that lead teachers to ask questions for
the purposes of guiding, probing and factual questioning. These probing of the teacher
might help to increase task importance and social interactions among the students, as
they try to answer each other’s questions, and contribute to effective teaching. In her
dissertation study, Ak Sentiirk (2010) determined that the group in which classroom

discussion was used as a teaching technique had more flow experience.

Moreover, experimental group students expressed that the instruction they received
contributed to their motivation in terms of both intrinsically and extrinsically. The
intrinsic motivation elements used by the students coded as autotelicity and effort, as
expressed in the Flow Theory literature. Firstly, while explaining the reasons for
participating the mathematics course developed based on flow principles, the students
referred to the autotelic nature of the course and used expressions implying that they
participated in the course for its own sake. This seems to imply that students attend an
activity just for doing that activity, rather than an external benefit (Csikszentmihalyi,
1990a). In other words, if someone experience flow in an activity, he will want to
repeat it again in order to have a similar experience (Csikszentmihalyi & Rathunde,
1992). In terms of this theme, students stated that the mathematics lesson was quite
fun for them, it made them feel good, they liked mathematics and they enjoy in this
lesson. Additionally, they expressed that they wanted to participate in these activities
again and wished this learning style to continue. They also stated that they have never

had the thought of I wish | was doing something else right now during the lesson. These
190



results are consistent with the study of Schweinle et al. (1999). At the same time, the
students stated that they often did not experience feelings such as boredom and anxiety
in this lesson, which is a finding that supports the results that the students' boredom

and anxiety levels are low as revealed by the quantitative findings.

The thematic analysis results indicated that Flow Theory-based mathematics
instruction increased students’ effort to learn mathematics. They were more motivated
for increasing the time they spent to cope with the difficulties they encountered in
learning mathematics and to learn mathematics by themselves outside the classroom,
even if they were not told by the teacher or given homework to complete at home.
Deryakulu (2002) states that students with internal locus of control make more effort
to fulfill their learning tasks and are more motivated than those with external locus of
control in a learning activity. Additionally, according to Subas1 (2000), the continuous
effort made to learn a lesson and the responsibility of learning are indicators of the
motivation of the student. In the study conducted by Oguz (2008), pre-service teachers'
views on learning were examined, and some of the students stated that learning is more
dependent on effort than ability. In other words, if a student's effort to learn a lesson
increases, the probability of learning that lesson will increase even if they have low
level of ability in that lesson.

The thematic analysis also indicated results related to extrinsic motivation, although
not as much as intrinsic motivation results. Some of the students, while expressing
their thoughts on mathematics instruction based on Flow Theory, mentioned extrinsic
motivation factors. For example, when the students were asked what motivates them
more in these lessons, it was observed that they gave answers such as exams and
gaining the appreciation of their teachers and friends. According to studies in the
literature, the flow of individuals varies according to the type and content of the
activity and can be experienced in different time periods. In this case, it is not possible
for the students to be in a flow state throughout whole course period. In such cases,
individuals may need some external orientation to motivate themselves. In fact, there
are studies showing that the appropriate use of extrinsic motivation before teaching a
behavior for the first time might have a positive effect on learning (Giirdogan, 2012;

Ryan & Deci, 2000).
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The present study also indicated that the mathematics instruction applied in the
experimental group contribute to cognitive efficiency of students in mathematics.
When the effects of the applied teaching method to learning is examined, it is seen that
the activities included in this teaching enable students to learn while having fun, enable
effective learning, help students concentrate and focus on the activities deeply, and
provide immersion for them. According to the thematic analysis results, students who
learned in the experimental group stated that they enjoy learning mathematics during
the activities they performed in the class. The students stated that while they thought
that learning mathematics was difficult or boring, they realized that it was actually
possible to learn it in a fun way. Thus, they could get rid of their prejudices about
mathematics thanks to these activities. In addition, based on the qualitative findings,
it is possible to say that Flow Theory-based instruction enabled students to learn
mathematics effectively. Experimental group students who learned with this
instruction stated that they learned more easily than before and corrected their existing
erroneous knowledge or misconceptions through cooperative study. In addition, they
reported that what they learned was more long-lasting, and they were able to transfer
what they learned to other fields and increased their time to solve mathematical
problems on their own. These findings appear to be consistent with quantitative

findings, discussed in previous sections.

The thematic analysis results revealed that instruction based on Flow Theory principles
helped students have intense focus and concentration on the activities and the subject
during the lessons. This result of the present study is in agreement with the results of
the study conducted by Inal and Cagiltay (2007), which presented that the students
who have flow experience during an activity were absorbed deeply, did not care about
the things which happen around, and they mainly focused on the task in order to pass
the next level. It can be thought that cooperative study might be effective in obtaining
the results of students experiencing intense concentration during the activities, because
the students tried to interpret and analyze the different thoughts of their friends in the
groups and to produce solutions by gathering up these differences. In accordance with
this finding, Sawyer (2015) stated that in heterogeneous groups where members have
different characteristics, individuals constantly feel the need to concentrate on the

thoughts of their teammates, interpret them and update their own knowledge.
192



In addition, students experienced the feeling of immersion, which is defined in the
Flow Theory literature as the loss of self-consciousness and the feeling of not being
able to understand how time passes (Bafios, Botella, & Raya, 2005; Sillaots, 2014).
The experiences related to this concept expressed in the interviews, observation notes
and student diaries can be shown as one of the most prominent outputs that describe
the flow state (Csikszentmihalyi et al. 2017) experienced by students in the activities.
In the current study, some students mentioned that they forgot where they were during
the activities, not only in time but also in the place they were in. This finding is
consistent with the concept of transformation of time and telepresence obtained in the
study by Guo (2004). This term was addressed to deep involvement that emerged as a
result of the indication of telepresence with other flow elements as well. Additionally,
Sillaots (2014) investigated the affective states of students in the research methods
course in which the teaching based on flow principles was carried out. Accordingly, it
was determined that the students experienced the emotions defined as immersion, that
is, the time passed faster for them, they lost their concern about self at these moments
and displayed a highly participatory attitude, which shows similarity with the result of
the present study. In the study conducted by Altayli (2012), students who received
RME-supported instruction stated that they could not understand how the time passed,
as they were happy and enjoyed in the lesson. In the present study, the students in the
experimental group were so immersed during the activities that some students stated
that they did not realize how the lesson ended while thinking about the activity, while
some others stated that they forgot to take a break between lessons. This result is in
agreement with the results of Zollars (2017). Accordingly, the group interacting with
the flow components in a more complex structure was observed to have a higher focus
and a sense of time passing faster. Students did not want to leave the class for the break
and focused on their tasks. According to the study conducted by Inal and Cagiltay
(2007), students were so immersed in the game during the flow situation that they did

not even respond to their groupmates' requests for help.

Thematic analysis results also revealed that mathematics instruction based on Flow
Theory principles has some social effects. However, students mentioned both positive
and negative social effects of the instruction. The positive effects of the instruction in

terms of social sense are the contributions it provides to the students regarding the
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cooperative study and democratic attitude. According to the thematic analysis result,
students stated that they learned how to cooperate, help and contribute each other’s
learning during the activities. The reason for this result might be that mathematics
instruction applied in the experimental group was designed to be carried out with
activities in which students interact with each other and the teacher, not for individual
learning. Both immediate feedback, which is one of the basic principles of Flow
Theory (Csikszentmihalyi, 1990a; Schweinle et al., 2006), and interaction, which is
one of the basic characteristics of the RME approach (Heuvel-Panhuizen, 2000; Uzel,
2007), include helping each other, completing each other's deficiencies, and
supporting their collaboration. Therefore, the activities implemented in this lesson can

be considered as the source of students' ideas about cooperation.

There are many studies in the literature indicating that cooperative study, interpersonal
interaction encourages motivation and flow. In the study conducted by Jackson (1995),
the thematic analysis results indicated that positive team play and interaction play role
in facilitating flow. In terms of the advantages of cooperative learning, Jolliffe (2007)
stated that learning with peers and giving importance to cooperation result in greater
social competencies and psychological wellness than competing with peers or
individual study. As Inal and Cagiltay (2007) stated that the flow experiences occurred
more among students while they participate in the group activities, and the interaction
among participants increased after the group activities. The results of the study
conducted by Rathunde and Csikszentmihalyi (2005a) have revealed that the students
who study in the Montessori school, in which they have more chance for studying
cooperatively, more often perceive their classmates as friends, reported more positive
views of teachers and peers and more time spent in group work than the students in
traditional school. As Csikszentmihalyi (1997) states, social interactions have many
features of flow activities, and these interactions require a regular investment in mental
energy. Thus, this communication and interaction established between individuals
enables them to experience social satisfaction and improve their lives. In the study
conducted by Armstrong (2008), it was stated that in environments where cooperative
learning is supported, students can have discussions on each other's views,

consequently this supports synchronized thinking and provides group flow.
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During these cooperative studies, students might have been aware that they have equal
rights in decision-making mechanisms within the group and everyone can freely
express their own ideas. Therefore, these activities might help students become aware
of concepts such as democracy and equality. In the fifth-grade Mathematics
Curriculum, it is stated that the basic skills gained through education should contribute
to the democratic development of individuals. In addition, within the scope of social
and citizenship competences, it is emphasized in the curriculum that individuals should
respect different ideas, democratic principles, and learn to compromise with other
people (MoNE, 2018). These results of the current study are congruent with the
relevant literature (Erbil & Kocabas, 2018; Hendrix, 1996; Johnson & Johnson, 2015).
In the study conducted by Erbil and Kocabas (2018), the effect of the cooperative
learning method applied to primary school 3rd grade students on the democratic
attitude levels of the students was examined, and a significant difference was obtained.
According to Hendrix (1996), since cooperative learning enables students to learn
from each other, regardless of how different they are from each other, the learning

environment becomes a place where the principle of democratic tolerance is realized.

On the other hand, it has been determined that the instruction applied in the
experimental group has negative social effects, albeit to a lesser extent compared to
the positive effects. According to the results of the thematic analysis, the experimental
group students reported that they had disagreements with their friends in the group
from time to time, and that they had conflicts because they could not agree on a
common idea. The main reason for the emergence of such a finding may be that the
students did not have enough experience in cooperative study since they had not
learned through group studies, peer support, and constructive feedbacks before the
experimental process. Therefore, they might have had difficulties in the distribution of
tasks in the group, division of labor and to respect everyone's opinion when they

contradict their own.

In addition, while the experimental group students were talking about the activities,
they stated that sometimes the competition among the groups bothered them. There
could be several reasons for this result. Firstly, the students were more accustomed to

competitive teaching before the treatment, which was also used in the control group.
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Secondly, due to the developmental characteristics of this age group, students' efforts
to come to the fore may have led to this result. Especially primary school children may
perceive helping each other as cheating because they do not have the background of
cooperation. Therefore, cooperative study may not occur for all learners immediately
in this age group, and it may take a long time for students to acquire this behavior
(Jolliffe, 2007). However, inal and Cagiltay (2007) state that interpersonal competition
in game-assisted instruction provides a balance between students' skills and perceived
difficulty level, minimizing the boredom and anxiety of individuals, and increasing
their flow experiences. Additionally, Bourgeois (2012) observed that American
students were taught in a more openly competitive school environment than German
students, and American students showed more flow experience. According to Deci,
Betley, Kahle, Abrams and Porac (1981), competition in the learning environment can
function as a controlling and informative reward. Even if the competition elements
provide flow state at that moment, they are estimated to harm intrinsic motivation in

the long run.

Finally, the experimental group students made some negative statements about the
physical environment. These include noise in the classroom during activities, and
students' inability to see the blackboard and their friends in other groups adequately,
due to crowded class and seating arrangement. The sound level that occurs during the
activities should be acceptable up to a certain point, because group members
occasionally discuss, share their ideas, and give feedback to their friends while
working on the activities. The reason why students are negatively affected by this
situation may be that they are not accustomed to this type of learning environment, as
mentioned before. Before the experiment, the only person heard in the classroom was
the teacher. While solving a question, the voices of those the teacher had allowed to
speak could be heard, and the classroom was usually quiet. In addition, during
cooperative learning, the current desk layout of the class is changed in line with group
works, desks and tables are made to face each other so that group members can see
each other, and students leave their own desks and move to their groups. Due to the
crowded class, it can be difficult to maintain this order from time to time. Therefore,
students might have expressed such a thought due to reasons arising from the seating

arrangement. In line with this result, in the study conducted by Sillaots (2014) to
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determine the effect of the teaching applied in the research methods course on the flow
state, university students stated that they were disturbed by the excessive noise that

occurred while discussing the given activities.
5.1.5. General summary for the discussion of the results.

When the quantitative and qualitative findings of this study are interpreted in general,
Flow Theory-based instruction has enabled students to have a more long-lasting
mathematics compared to instruction applied in control group. Since Flow Theory is
basically a theory of motivation and is based on affective factors, it can be considered
as an important result that mathematics instruction based on Flow Theory enabled
students to achieve higher retention mathematics test scores. In addition, while
teaching in control group did not have any effect on students' flow state, instruction in
experimental group increased students' flow experiences significantly. In addition,
mathematics instruction in experimental group increased students' motivation scores
significantly more than the instruction in control group. The qualitative findings of the
study also show that the students in the experimental group, who learned with Flow
Theory-based mathematics instruction, generally reported positive opinions about this
instruction. According to the results of the thematic analysis, the students talked about
the qualifications of mathematics instruction and the teacher, and they reported that
the teaching environment where these qualifications are met can provide some positive
effects on students' motivation, cognitive and social skills. There are many studies in
the literature showing that students do not like mathematics, are afraid of it, have low
motivation in mathematics, believe that they will fail, and cannot succeed in this lesson
(Aksu, 1985; Cakmak, 2005; Demirdogen, 2007; Kennedy et al., 2008). On the other
hand, there are also studies which argue that the main reason for this failure is not
students' cognitive or intellectual abilities, but their affective and motivational
characteristics (Csikszentmihalyi, 2014a). For this reason, it is thought that the
findings obtained from this study are important in preventing the low motivation
towards the mathematics course and the perception that it is difficult to learn
mathematics. Some recommendations are listed in the following paragraphs in order

to support future research on this topic.

197



5.2. Recommendations

In the following sections, recommendations were made in line with the findings
obtained from the current study and the relevant literature, in order to use Flow

Theory-based instruction more effectively in mathematics and other courses.
5.2.1. Recommendations for practice.

This study obtained results revealing that the instruction based on Flow Theory and
enhanced with RME contributes to fifth-grade students in cognitive and affective
aspects. The students in the experimental group achieved significantly higher posttest
scores in terms of mathematics achievement, flow experience and mathematics
motivation compared to the scores they obtained before the experiment. In addition,
the mathematics motivation posttest scores of the experimental group students and the
mathematics retention test scores were significantly higher than that of the control
group students. The results obtained from both quantitative and qualitative data of the
present study indicated that Flow Theory can provide a new lens for educators and
practitioners in terms of designing instruction. Since this study is one of the first
studies to use Flow Theory directly in an instructional design of mathematics course
and to examine the results within the scope of an experimental study, it is thought to
have made significant contributions to the literature. Therefore, the principles of Flow
Theory used in this study and the characteristics of instruction can be recommended
to practitioners in order to effectively design mathematics teaching environments. In
addition, the Flow Theory can be considered by mathematics curriculum developers
when determining learning objectives in terms of affective domain. Therefore, the

following implications can be made for practice:

1. Flow Theory can be incorporated by educational researchers and mathematics

teachers in fifth-grade mathematics teaching.

2. Teachers should use the principles of Flow Theory in mathematics teaching in
order to ensure that students have motivation towards the mathematics course,

participate in the lessons with pleasure and learn while having fun.
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Students should be given a greater sense of control and autonomy during the
lesson, and teachers should have the role of guiding the learning environment,

not controlling it.

Teachers should provide an environment where students can share all kinds of
ideas about the lesson. Thus, students' wrong answers should be turned into an
opportunity for correct learning.

Mathematics teaching should provide interaction between students as much as
possible. The teachers should design learning activities in which students can
work collaboratively, develop skills such as division of labor, cooperation, and
responsibility for their friend's learning. In order for these skills to be acquired
from a very early age, students should be provided with cooperative work

activities from the moment they start school.

In the mathematics course, attention should be paid to affective characteristics
as well as cognitive skills of students. Positive emotions should be supported
in the classroom among students and teacher-student interactions. Evaluations
for grading and expressions containing a perception of threat should be
avoided, and efforts should be made to create a warm and friendly atmosphere

where learning is important.

Students should be encouraged to seek help from each other and from the
teacher when they need it, and they should be provided with immediate and

informative feedback on their answers.

Learning activities should have content that will attract students' interest,
taking into account the demographic and developmental characteristics of
students such as age, socio-economic level, and the region they live in, and
should require the use of various equipment (concrete materials, technological
tools, etc.). Hence, RME can be used to attract students' interest, to enable
students to rediscover mathematical concepts based on daily life problems and
to help them learn where these concepts can be used in daily life instead of

simple memorization.
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9. A balance should be maintained between the challenge level of the activities
used in teaching mathematics and the perceived skill level of the students. The
level of challenge must be equal to or slightly higher than the skill level of the
students. Learning activities that are too difficult or too easy should be avoided,
and this balance should be established by providing students with hints and
feedback when necessary or asking them about the factors behind their ideas.

10. These aforementioned properties are necessary but not sufficient to ensure
academic achievement, motivation and other positive affects in mathematics
teaching. In order to achieve these, all the flow features should be used together

and holistically as much as possible.
5.2.2. Recommendations for further research.

Considering the results of the current study, the following recommendations can be
made for future studies:
1. This study is limited to fifth-grade students (n = 73) studying at one of the
public schools in Bornova, Izmir. Further experimental studies can be

conducted with other school settings and larger samples.

2. The future studies could be designed with all other grades of middle school
levels (grades sixth to eighth) in order to investigate the effects of mathematics
instruction developed based on Flow Theory on achievement, retention,

motivation and flow state.

3. Inorder to examine the effects of Flow Theory in mathematics lessons in more
detail, longitudinal studies can be planned starting from earlier grade levels,

and comparisons can be made between the experimental and control groups.

4. In this study, the objectives and units in the curriculum approved by MoNE
and in the weeks when the study was carried out according to the annual plan
were investigated. In future studies, the effects of Flow Theory can be

examined in different topics, units and learning outcomes.
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10.

Since Flow Theory is considered as a kind of motivation theory in the
literature, its effects on academic achievement and motivation can be tested in
other courses (such as science, foreign language etc.) where students have

difficulties in terms of being motivated.

There are different findings about the antecedents and consequences of the
flow state in the literature. Relational studies can be done by considering

different variations of these antecedents and results, in future studies.

In this study, flow, boredom and anxiety, which are the dimensions expressed
by the basic Flow Theory were discussed. In future studies, designs can be used
in which the dimensions revealed by different flow models (e.g. the model of

Massimini & Carli, 1998) are examined.

In this study, the data were gathered through self-report measures, observations
and interviews in order to determine the students’ achievement, retention,
motivation and flow state in mathematics. In addition to the data collection
tools used in this study, future studies could be conducted using methods such
as the Experience Sampling Method which requires many measurements in the

same time period and addresses the momentary opinions of the participants.

In this study, teaching activities were designed as suggested by Realistic
Mathematics Education in order to apply the principles of Flow Theory in
mathematics teaching. In future studies, different teaching methods and
techniques (such as game-based, technology-supported teaching, etc.) can be
used together with Flow Theory principles to make instructional designs and

examine the effects of the theory.

In future studies, more comprehensive instructional designs can be made by
considering other motivational theories (for example, Self-determination
Theory) together with Flow Theory. The effectiveness of these instructional
designs can be compared with the curriculum approved by MoNE by

conducting experimental studies.
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11. Random assignment was not possible because the groups in the study were
already-intact groups, so a quasi-experimental method was used. Further

studies can be conducted with random assignment of subjects.
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B. INFORMED CONSENT FORM

ARASTIRMAYA GONULLU KATILIM FORMU

Bu arastirma, ODTU doktora 6grencisi Yasin AY tarafindan yiiriitiilmektedir. Bu form

sizi arastirma kosullar1 hakkinda bilgilendirmek i¢in hazirlanmistir.
Calismamin Amaci Nedir?

Arastirmanin amaci, Akig Kurami prensipleri temel alinarak yapilan bir 6gretimin,
Ogrencilerin matematik dersine yonelik motivasyonlarina, akis durumlarina ve

basarilarina etkisi olup olmadigini belirlemektir.
Bize Nasil Yardimc1 Olmamz Isteyecegiz?

Aragtirmaya katilmay1 kabul ederseniz, sizden Matematik Testi, Matematikte Akis
Olgegi ve Matematik Dersi Giidiilenme Olgegi'ni cevaplamanizi isteyecegiz ve
cevaplarim1 yazili biciminde toplayacagiz. Elde edilen veriler tamamen arastirma

amaci ile kullanilacaktir.
Sizden Topladigimiz Bilgileri Nasil Kullanacagiz?

Arastirmaya katiliminiz tamamen goniilliiliik temelinde olmalidir. Sizden kimlik veya
ogrenim gordiiglinliz kurum vb. gibi belirleyici hicbir bilgi istenmemektedir.
Cevaplariniz tamamiyla gizli tutulacak, sadece arastirmacilar tarafindan
degerlendirilecektir. ~ Katilimcilardan elde edilecek bilgiler toplu halde
degerlendirilecek ve doktora tez aragtirmasi kapsaminda kullanilacaktir. Sagladiginiz

veriler goniillii katilim formlarinda toplanan kimlik bilgileri ile eslestirilmeyecektir.

241



Katilimimzla ilgili bilmeniz gerekenler:

Calisma, genel olarak kisisel rahatsizlik verecek sorular igermemektedir. Ancak,
katilim sirasinda sorulardan ya da herhangi baska bir nedenden 6tiirii kendinizi rahatsiz
hissederseniz cevaplama isini yarida birakip ¢ikmakta serbestsiniz. Boyle bir durumda

calismay1 uygulayan kisiye, calismadan ¢ikmak istediginizi sdylemek yeterli olacaktir.
Arastirmayla ilgili daha fazla bilgi almak isterseniz:

Bu calismaya katildiginiz i¢in simdiden tesekkiir ederiz. Calisma hakkinda daha fazla
bilgi almak i¢in ODTU doktora dgrencisi Yasin AY ile iletisim kurabilirsiniz.

Yukaridaki bilgileri okudum ve bu ¢calismaya tamamen goniillii olarak katiltyyorum.

(Formu doldurup imzaladiktan sonra uygulayiciya geri veriniz).

Ad - Soyad: Tarih: Imza
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C. PARENTAL APPROVAL FORM

VELI ONAY FORMU

Sevgili Anne/Baba,

Bu calisma Orta Dogu Teknik Universitesi doktora dgrencisi Yasin AY tarafindan

yiritiilmektedir.

Bu ¢alismanin amaci nedir? Bu calismada arastirmaci Akis Kurama ilkeleri temel
aliarak yapilan bir 6gretimin, 6grencilerin matematik dersine yonelik
motivasyonlarina, akis durumlarina ve basarilarina etkisi olup olmadigini belirlemeyi

amaclamaktadir.

Cocugunuzun katilimei olarak ne yapmasini istiyoruz?: Bu amag¢ dogrultusunda,
cocugunuzdan Matematik Testi, Matematikte Akis Olcegi ve Matematik Dersi
Giidiilenme Olgegi’ni cevaplamasini isteyecegiz ve cevaplarini yazili bicimde
toplayacagiz. Sizden ¢ocugunuzun katilimer olmasiyla ilgili izin istedigimiz gibi,
caligmaya baslamadan ¢ocugunuzdan da sozlii olarak katilimiyla ilgili rizas1 mutlaka

alinacak.

Cocugunuzdan alinan bilgiler ne amacla ve nasil kullanilacak?: Cocugunuzdan
alacagimiz cevaplar tamamen gizli tutulacak ve sadece arastirmaci tarafindan
degerlendirilecektir. Elde edilecek bilgiler sadece bilimsel amagla doktora tez
calismasi kapsaminda kullanilacak, cocugunuzun ya da sizin ismi ve kimlik

bilgileriniz, hi¢bir sekilde kimseyle paylasilmayacaktir.

Cocugunuz ya da siz calismay yarida kesmek isterseniz ne yapmalisimiz?:
Katilim sirasinda sorulan sorulardan ya da herhangi bir uygulama ile ilgili baska bir
nedenden 6tiirii gocugunuz kendisini rahatsiz hissettigini belirtirse, ya da kendi

belirtmese de arastirmaci ¢ocugun rahatsiz oldugunu 6ngoriirse, ¢calismaya sorular
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tamamlanmadan ve derhal son verilecektir. Sayet siz ¢gocugunuzun rahatsiz oldugunu
hissederseniz, bdyle bir durumda ¢alismadan sorumlu kisiye ¢ocugunuzun

calismadan ayrilmasini istediginizi sOylemeniz yeterli olacaktir.

Bu calismayla ilgili daha fazla bilgi almak isterseniz: Calismaya katiliminizin
sonrasinda, bu ¢alismayla ilgili sorulariniz yazili bigimde cevaplandirilacaktir.
Calisma hakkinda daha fazla bilgi almak i¢in doktora 6grencisi Yasin AY ile iletisim

kurabilirsiniz. Bu ¢alismaya katiliminiz i¢in simdiden tesekkiir ederiz.

Yukaridaki bilgileri okudum ve cocugumun bu ¢alismada yer almasini

onayliyorum (Liitfen alttaki iki segenekten birini isaretleyiniz.

Evet onayliyorum ___ Haynr, onaylamiyorum

Anne/Babanin adi-soyadi: Tarih:

Cocugun adi1 soyadi1 ve dogum tarihi:

Imza:

(Formu doldurup imzaladiktan sonra arastirmaciya ulastiriniz).
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D. AFTER PARTICIPATION INFORMATION FORM

KATILIM SONRASI BiLGi FORMU

Bu aragtirma, ODTU Egitim Bilimleri Béliimii Egitim Programlari ve Ogretim doktora
Ogrencisi Yasin AY tarafindan yiiriitilmektedir. Calismanin amaci, Akis Kurami
ilkeleri temel alinarak hazirlanan 6gretimin, 6grencilerin matematik dersine yonelik
motivasyonlarima, akis durumlarina ve basarilarina etkisi olup olmadigini

belirlemektir.

Akis kurami, bireylerin i¢sel motivasyon saglayan deneyimlerinin, o aktiviteye
katilimlarini  artirdigm1  savunan bir motivasyon kuramudir. Ozellikle egitim
ortamlarinda 6grencilerin  motivasyonlarmin  ve derse katilma isteklerinin
artirilabilecegini savunan kuram, Csikszentmihalyi (1975) tarafindan ortaya atilmis
olup, bireylere sunulan 6gretimin zorluk diizeyiyle sahip olunan beceri arasinda denge

kurulmas1 durumunda hedeflenen bu duruma ulasilabilecegini 6ngérmektedir.

Bu calismadan alinacak ilk verilerin 2017-2018 egitim 6gretim yilinda elde edilmesi
amaglanmaktadir. Elde edilen bilgiler sadece bilimsel amagla kullanilacaktir. Bu

arastirmaya katildiginiz igin tekrar ¢ok tesekkiir ederiz.

Arastirmanin sonuglarini 6grenmek ya da daha fazla bilgi almak i¢in asagidaki

arastirmactya basvurabilirsiniz.

Calismaya katkida bulunan bir goniillii olarak katilime1 haklarimizla ilgili veya etik
ilkelerle ilgi soru veya goriislerinizi ODTU Uygulamali Etik Arastirma Merkezi’ne

iletebilirsiniz.
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E. APPROVAL OF MINISTRY OF NATIONAL EDUCATION

T.C.
ZMIR VALILIGI
[l Milli Egitim Mudarluga

ARASTIRMA DEGERLENDIRME FORMU

ARASTIRMA SAHIBININ
Adh Sovads Yasin AY |
ODTL, Sosyal Bilimler Enstitiisii Egitim Bilimleri, Egitim
| T Programlan ve Ogretim
Arastirma yapilacak iller lzmir

Kurumu / Universitesi

Arastrma yapilacak egitim
| kurumu ve kademesi

Akis Kuramn  llkelerine Gore Hazrlanmus  Ogretimin
Arastirmamin Konusu Ogrencilerin Matematik dersine Yonelik Motivasyon, Akis
Durumu ve Bagarilanna Etkisi

i Universite / Kurum onay —=
Akis Kurami Ilkelerine Gore Hazrlanms Ogretimin |
Ogrencilerin Matematik dersine Yonelik Motivasyon, Akis
Durumu ve Basarilanna Etkisi (Tez)

Matematik Motivasyon Olgefi

Matematikte Akis Durumu Olgegi

Matematik Basan testi

Gindilli Katihm Formu

Yeli Onay Formu

Katilim Sonrast Bilzi Formu

Arastirma/projefadev/tez
iinerisi

Yeri toplama araglan

Giiriis istenilecelk
Birim/Birimler

KOMISYON GORUSD -
ilgi: Milli Egitim Bakanh@ mn 227082017 tarihli ve 3558626-10.06-c. 12607291 sayil
Arastirma, varisma ve Sosyal Etkinlik Izinleri Konulu, 2017/25 Sayih Genelgesi.
Genelge gereginee; arastirmammn 200 7-2018 dgretim vilinda cfitim Gretimi aksatmayvacak
ve egitim kurumlan yéneticilerinin uygun gérdigii sekli ile vapilmasina oybirligi ile karar
verilmistir.

Komisyon Karar1 | Ovbirlifi ile alinmsgtir,
Muhalif fiyenin
Adive Sovady: - | Gerekeesis
o KOMISYON
/022018
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F. DISTRIBUTION OF TEST ITEMS ACROSS THE OBJECTIVES OF
ELEMENTARY FIFTH GRADE CURRICULUM BEFORE THE PILOT

STUDY
The The topics Objectives Ttem
unirs numbers in
the pilot
Students will be able to; test
Percentages 1. M 5161 denote fractions with a denominator of 1
g 100 with the percent symbol (%) :
£
E 2. M.5.1.6.2. associate a percentile with a fraction and
="
: decimal representation of the same magnitude, 1.2.4
E converts these representations into each other.
2 |
g 3. M3164. find the amount corresponding to a 37
- spectfied percentage of 2 multiplicity. ’
Basic 4. M5211 explain the line, line segment, ray and S 6
3.
Geometric shows them with symbol.
Concepts
. ML52.1.2. express the position of a point relative to
and ) ) o ) 11,12
. another point using direction and units.
Drawings
6. M.32.13 draw line segments of equal length to a 15 16
2.
given line segment.
7. M5214 create acute, right, and obtuse angles by
referencing a 90° angle; Determine whether a 13,18
‘é created angle 1s acute, right, or obtuse.
g
E 8. MS5215 draw a perpendicular from a point on or 19.20
g off a line. :
=
;E [ M.52.1.6. construct line segments parallel to a
e = p
g given line segment, and interpret whether the drawn 21,22
S segments are parallel or not.
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Triangles
and

Rectangles

11.

12.

13.

M3221 name and create polygons; and

recognize their basic elements.

M.5.2.2.2. create triangles according to their angles
and sides, classify the different triangles formed

according to their side and angle properties.

M.5.2.2.3. identify and draw the basic elements of
rectangle, parallelogram, rhombus and frapezoid.

M.5.2.2.4. determine the sum of the measures of the
interior angles of triangles and quadrilaterals; and
find the miszmg angle.

8 17,23

14, 26, 28

27,29, 30

Measuring
Length and

Time

15.

16.

M3231 recogmize the uonits of length
measurement; Convert meter-kilometer, meter-
decimeter-centimeter-millimeter units and solves

related problems.

M3232 calculate perimefers of triangles and
quadrilaterals, create different shapes with a given

perimeter.

M.53.2.3.3. recognize time umts, convert them to
each other and solve related problems.

25,31

0.32,33

36, 40

Measuring

Area

18.

M.5.2.4.1. calculate the area of the rectangle, using

the square centimeters and square meters.

M.52.43. create different rectangles with a given

aread.

34,3537

10, 38
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G. ITEM DIFFICULTY AND ITEM DISCRIMINATION INDICES
DETERMINED IN THE PILOT IMPLEMENTATION OF MATHEMATICS

TEST

Ttem No Diserimination Diffieulty Ttem No  Discrimination  Difficulty

Index (1) Index (p;) Index (1) Index (p;)
Item 1% 0,46 0,43 Item 21* 0,63 0,67
Item 2% 0,42 0,67 Item 22 0739 0,78
Item 3* 0,42 0,36 Item 23 052 0,75
Ttem 4 0.40 0,30 Item 24* 0,67 0,45
Item 5+ 0,52 0,66 tem 25 010 0,28
Ttem 6 0.48 0.49 Item 26 039 0.61
Ttem 7 036 0,31 Item 27 024 0,30
Ttem § 0.43 0,80 Item 28% 0,44 0,45
Item 9+ 0,64 0,59 Item 29 025 027
Ttem 10 0,19 0,24 Item 30* 0,34 0,32
Item 11* 0,30 0,81 Item 31* 0,47 0,33
Ttem 12 0,34 0,36 Item 32* 0,34 0,42
Item 13* 0,47 0,75 Item 33 034 0.28
Ttem 14 0.41 0.34 Item 34 027 0.28
Item 15% 0,48 0,65 Item 35 025 0,29
Ttem 16 039 0,73 Item 36 024 0,32
Ttem 17 0,54 0,42 Item 37+ 0,45 0,33
Ttem 18 0.44 0,42 Item 38* 0,44 0,38
Ttem 19 0,13 0,25 Item 39 0,13 0,31
Item 20* 0,36 0,56 Item 40 0,33 0,44
Mean Score 18.39
Standard Deviation 6.66

Mean Discrimination Index (13,) 039
Mean Difficulty (p;) 0.46
KR-20 Reliability 0.83

(*) = Represents items selected for the final version gf the MAT.
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H. DISTRIBUTION OF ITEMS ACCORDING TO THE DIFFICULTY

INDICES IN THE PILOT IMPLEMENTATION

Item Difficulty Number of Item Number Category

Index (p;) Items

p; > .80 2 8,11 Very easy

60< p; <.79 9 2,5,13, 15,16, 21, 22, 23, 26 Easy

40<p;<.59 10 1,6,9, 17, 18, 20, 24, 28, 32, 40 Moderate

20<p;<.39 19 3,4,7,10, 12, 14, 19, 25, 27, 29, Difficult

30, 31, 33, 34, 35, 36, 37, 38, 39

p;j <.19 0 - Very
difficult

Total 40
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I. SAMPLE ITEMS FROM FINAL VERSION OF MATHEMATICS TEST

MATEMATIK BASARI TESTI (Ornek Maddeler)
Sevgili dgrenciler;

Agamda yer alan testte, sizin matematik dersinde Sgrendifiniz konulan Slgen 18 adet
soru bulunmaltadir. Verdiginiz yamtlar sadece aragtumsa kapsammda lkullamlacak
clup, herhangi bir notlandimma amaer ile kullamlmayacak ve araghrmac: diginda hig
kimsze ile paylasiimayacaktir Testi cevaplandimamz igin size yaklagk 40 dk siire
verilecektir. Liitfen tiim sorulan atlamadan dikdatlice eevaplandimmez.

Aragtrmaya verdigmiz katk igin tegekddir edenz.

Arastmacy: Yasin AY

; Tawgan
Tandaki grafikte bir gifflikte yer alam hayvan
% 15

inek tirlermin dafilmm verlmigtir.

% 40
Tavuk

Grafige gire, koyunlarm sayisi tiim havvanlarin yviizde kacidr?
A)%als B) %0

) %630 ) %:43
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i

Y noktasnda bulunan bir top 2 birim agagya 4 birim saga dogm tagmryor.

L
’_;1
-
L
3
™
L3
L

P R
s =+ =+ + @ @

L] L] "R - L] L]

Buna gire topun en son geldigi nokta asagidakilerden hangisidir?

AR B)P C1 s DT

ta

m

Yukarida verilen sekle gire asagidakilerden hangisi dar aq degildir?
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& m

D 5m
Yukanda verlen ABCD ve KLMN dikddrtgenlermin alanlan egittir.
Buna gire, KLMN dikddrtgeninin bir kisa kenari kac m’dir?

Al B)2 )3 D)z

CEVAP ANAHTARI

1 B
2 A
3 C
4 C
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J. FLOW STATE SCALE IN MATHEMATICS

MATEMATIK DERSINDE AKIS DURUMU OLCEGI

Sevgili Ogrenciler,
Asafida matematik dersinde neler hissettifinize ve diigiindiifiiniize vonelik ifadeler
ver almaktadir. [fadeleri size uygun olup clmadig agismdan degerlendiriniz.

Ifadeleri bos birakmamaya dzen gosteriniz.

Eatkilanmz igin tegekkiir ederim.
Yasin AY

ODTU Doktora Ogrencisi

Hic
uygun

degil

Uygun Uygun
degil

Cok
uygun

Matematik dersini dinlemek bana zevkli
gelivor cinki anlatilan konulan anlivorum.

Matematik dersini zevkle dinlivorum, ¢iinkil
konulan sevivorum.

MMatematik dersindeki konular akici gectigi
igin dersten sikilmiyorum.

Matematik dersinde konular anladifim icin
zamanin nasil gectifini anlavamivorm

MMatematik dersinde anlatilan konular ilgimi
cektifi icin dersi dikkath dinlivorum.

Matematik dersinde hep bildifim konular
anlatildigs icin sikilivorum.

Matematik  dersi  bemim  kapasitemi
zorlamadif igin derste sikalivorum.

Matematik Gfretmenimiz konulan cok basit
anlattif icin derste sialivorum.

MMatematik dersinde sorulan sorular cok kolay
oldugu icin dersten stkailiyorum.

10

Matematik dersini anlamadifim icin derste
bunaliyorum.

11

Matematik dersinde dgretmenimiz
sevivemize uygun anlatmadif icin derste
bunaliyorum.

12

Matematik dersinde konular zor geldigi icin
derste bunaliyorum.

13

MMatematik dersinde anlatilan konular soyut
oldugu icin bunaliyorum.
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K. MATHEMATICS MOTIVATION SCALE

MATEMATIK DERSI GUDULENME OLCEGI

Sevgili Ogrenciler;

Bu arastirma, sizlerin matematik dersine yonelik giidillenme (motive
olma) durmomunuzu belirlemek amacivla vapilmaktadir. Burada ver
alan maddelere, dofru va da vanlis seklinde bir deferlendirme
vapimavyacaktir. Araghirmadan elde edilen veriler, sadece bilimsel
amagla kollamlacak, sahsimzla (sizinle), okulunuzla veva
Ogretmenlerinizle ilgili herhangi bir deferlendirme yapilmayacaktir.
Bu nedenle ekteki her bdlimi sorularnn atlamadan, dikkatlice
doldurmamz gerekmektedir. Isminizi vazmamza gerek voktur.
Belirtilen ifadelerden size en uygun olamm (X) koyarak isaretleyiniz.
Gostermiy oldufunuz ilgi ve vermis oldugunuz katk: icin tesekldir
ederim.

Tamamen Katilryorum

Katiliyorum

i)

Orta Derecede Eatilrvorum

Katilmiyorum

EKesmlikle Katilmiyormm

1 | Matematik dersinde 83retmenim tarafindan takdir edilmek
isterim.

2 | Simufta matematikle 1lgili bir problemi ¢dzmeyi bagarmca
arkadaglanmdan takdir goririm.

3 | Matematik dersinden baganli oldugum zaman ailem mutlo alur
ve beni takdir eder.

4 | Siufta, matematik dersinden en viiksek notu ben almak isterim.

5 | Arkadaglanma, matematikten anlamadiklan konularda yvardimes
olarak onlarnn befenisini kazanmak isterim.

6 | Benim igin matematikten daha Snemli dersler var.

7 | Matematigi ivi bilmenin egitim hayatim diginda da igime
yarayacagim diginiivorum.

8 | Matematik dersinde kullanilan materyaller (arag-gerecler,
bilgisavar vh.) matematide olan ilgimi artinr,

9 | Matematik dersivle ilgili tiim bilgilere sahip olmak isterim.

10 | Arkadaglarimla birlikte matematik ¢aligmaktan gok kevif alinm.

11 | Matematik dersine ¢aligmaktan hoglanmivorum.

12 | Ogretmenin matematik dersinde yaptigs etkinlikler (oyunlar,
varismalar, bilgisayar destekli sunumlar vb.) matematife olan
ilgimi artirr.

13 | Matematik konularim yeterince anlamiyorsam, bu durmm benim
gerekli cabay: gdstermedifimden kaynaklanivordur.

14 | Eder veterince ¢alisirsam, matematigin kolay olacagma
NAnIyorum.

15 | Matematik konularini anlamakta zorlandifum zaman,
birilerinden yardim alabilecefimi diiginiiyorm.

16 | Matematik sinavlarinda bagarisiz olmaktan gok kaygilaninm.

17 | Matematik dersinde ¢ok baganl olacafuna inanmivorum.

18 | Matematik dersinden basansiz olmaktan korkmuvorm.

19 | Matematik dersinden notumu vilkseltmek icin ¢ok calisiram.
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20

Matematik konularim iyi 6frenmezsem, efitim hayvatimda
veterince bagarili olacagum dilginmiyorum.

21

MMatematikte bagarih olmak icin pek cok fedakarlik (daha az
oyun oynanm, daha az televizyon izlerim ve arkadaglarimla ve
bilgisayarda daha az vakit geciririm) vapabilirim.

Matematik dersinde daha basanl olmama yvardime: olacak, proje
ve performans gorevleri almak isterim.

MMatematik dersinde bagarisiz olursam kendimi kétii hissederim.

Matematikten baganli olabilecegimi herkese kanitlamak isterim.

MMatematikte bagarili olmak benim igin cok dnemlidir

MhMatematikte, bagarili olmam igin dersi gok dikkatli dinlemem
gerektifini diisliniivorum.

MhMatematilcten baganl olursam, ilerde istedifim meslege sahip
olacafima inanryomm.

Ailemin beklentilerini kargilamak icin matematikten baganh
olmak istivorum.

Matematikte bagarili oldugum zaman 6diil alacaksam daha cok
calisinm.

30

Ogretmenimi ve beni seven insanlan gururlandimak igin
matematikten ¢ok bagarih olmak istiyorum.

31

MMatematifi ve diger dersleri ivi 6@renip smavlan kazanarak cok
1yi okullarda okumak istiyornum.

32

Matematik dersinde sorulan sorulan (soru ¢dzme varigmasinda
vh.) herkesten dnce ¢cdzmek istivorum.
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L. INTERVIEW SCHEDULE

GORUSME FORMU

Tarih:__ [/ /20 Saat (Baslangig/Bitis) /

Merhaba, benim adim Yasin AY. ODTU’de doktora yapmaktayim.
“Ogrencilerin Matematik Motivasyonu, Akis Durumlar1 ve Matematik
Basarilar1” flizerine bir arastirma yapiyorum. Sizinle 11 hafta boyunca
ylirlitmiis oldugumuz matematik dersi ve yaptigimiz etkinlikler hakkinda bir
goriisme yapmak istiyorum. Bu goriismede amacim, matematik dersleri
hakkinda siz 6grencilerin ne diisiindiigiinii belirlemek, derslerin daha etkili
yapilabilmesi i¢in 6grencilerin goriislerini 6grenebilmektir.

Arastirmada higbir sekilde isminiz gegmeyecek ve goriisme esnasinda
asagidaki sorulara verdiginiz tiim cevaplar gizli tutulacaktir. Goriismedeki
cevaplarinizi unutmamak ve farkli 6grencilerin cevaplarini karsilagtirabilmek
icin izniniz dogrultusunda goriisme kaydedilecektir.

Izin verirseniz sorulara baslamak istiyorum.

SORULAR

1. Matematik derslerinde kendini nasil hissediyordun?
a. Hangi durumlarda sikilmis hissettin?
b. Hangi durumlarda kaygi/stres yasadin?
2. Matematik dersleri senin i¢in ne kadar keyifli geciyordu?

a. Hangi durumlar senin i¢in en eglenceliydi?
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b. Hangi durumlar senin igin en az eglenceliydi?
c. “Keske su an baska bir sey yapiyor olsaydim” dedigin zamanlar oluyor
muydu? (Ornek verebilir misin?)
3. Matematik dersinde seni motive eden/istekli hale getiren seyler nelerdi?
a. Matematik dersinde yapilan etkinlikler senin matematik &grenme
istegini nasil etkiledi?
b. Sence matematik dersi i¢in harcadigin ¢aba bu etkinlikler sayesinde
artti m1 azaldi m1?
4. Matematik dersinde yapilan etkinliklerin zorlugu konusunda neler
sOyleyebilirsin?
a. Orta diizeyde miydi? Zor muydu/Kolay miyd1?
5. Derste yapilan etkinliklerden, o giin ne 6grenilecegini nasil anliyordun?
6. Matematik dersinde Ogretmeninden ve sinif/grup arkadaslarindan nasil
yardim/6neri/diizeltme/goriisler istiyordun?
a. Istedigin anda alabiliyor muydun?
b. Ne siklikta alabiliyordun?
c. Peki bunlar 6grenmeni nasil etkiledi?
7. Matematik derslerinde genel olarak zaman nasil geciyordu?
a. Bir an once dersin bitmesini/zilin ¢almasin1 m1 yoksa etkinlige/derse
devam etmek mi istiyordun? Neden?
8. Matematik dersleri ne kadar ilgini ¢ekiyordu?
a. Derste yapilan etkinliklerden hoslantyor muydun?
b. Biitiin matematik derslerinde benzer etkinlikler yapmak ister misin?
9. Derste yapilan etkinliklere ne kadar odaklanabiliyordun? (Konsantre
olabiliyordun?)
10. Matematik dersinde yapilan etkinlikler sirasinda, kendini kaptirdigin oluyor
muydu?
a. Cok eglendigin, zamanin nasil gectigini anlamadigin anlar oldu mu?
b. Bunu neye bagliyorsun?
11. Matematik dersinde kendini ne kadar 6zgiir hissediyordun?

a. Ornek verebilir misin?
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M. OBSERVATION FRAME

Gozlem Formu

Konu:
Tarih:
Kazanimlar:

Gozlenen Akis Boyutlar e Notlar

1 | Ogrencinin becerileri ile etkinlik
diizeyi aras1 denge
(Challenge-skill balance:
sadece sonug degil, siirecin
onemsenmesi, verilen cevaplarin
arkasinda yatan sebeplerin
istenmesi, derinlemesine
anlamanin desteklenmesi =>
challenge)

2 | Ogrencilerin konuya/etkinlige | e
odaklanmis dikkat/yogun
konsantrasyon/yogunlasabilme
(etkinligin spontane ilerlemesi,
otomatiklesmesi)

3 | Ogrencilerin aktivite {izerindeki |e
kontrolii/ozgiirliik(Autonomy)
(Diistlincelerini rahatca ifade
etme, Hata yapmaktan
korkmama/hatay1 6grenmek icin
avantaja ¢cevirme, grup i¢i
Ozgiirce kararlar alma, kendi
sinirlarint zorlama gabast)
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Etkinligin ilgi ¢ekici olmas1
(Konuya 6nem verme, gercek
yasam problemleri, otantiklik,
Ogrenciye anlamli gelme vs.)

Etkinligin hedefinin
acik/anlasilir olmasi

Aninda doniit/destek
saglanmasi (Agiklama,
aydinlatma, yardimlagma,
olumlu doniit saglama)

Etkinligin yapilmasindan
Keyif alma hissi
(Etkinlik/dersten keyif alma,
autotelic= kisinin etkinligi
etkinligin kendisi i¢in yapmasi,
etkinligin keyif verdigi i¢in
yapilmasi, etkinligi yapmanin
i¢sel 0diil tasimasi hissi, Pozitif
duyussal destek saglama,
hassasiyet ve nazik yaklagim,
mizah vs.)

Oz bilincin kaybolmas: hissi
(kendini etkinlige kaptirma,
etkinlik disindaki kaygi ve
engelleri bilincinden

uzaklastiracak kadar derin olma
hissi)

Zamanin normalden hizli/yavas
gecmesi hissi

Diger notlar:
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N. SAMPLE LESSON PLAN AND ACTIVITIES

Akis Kuram Ilkelerine Dayah Gergek¢i Matematik Egitimi ile Zenginlestirilmis
Matematik Ogretiminde Kullanilan Ders Plam1 Sablonu

Ders:
Ogrenme Alam:
Alt Ogrenme Alani:
Simif diizeyi:
Siire:
Stratejiler:
A) Kazamimlar:
B) Ogretim Materyalleri:
C) Ogrenme-Ogretme Siireci:
1. Giris
a. Dikkati ¢ekme / Isindirma
b. Glidiileme
b. Problem durumunun sunulmasi / Hedeflerin a¢iklanmasi /
paylasilmasi
c. Gruplarin olusturulmasi
2. Etkinlik
a. Gruplarin problem iizerinde ¢aligmasi
b. Gruplarin ¢6ziim Onerilerini paylagmasi
c. Grup tartigmasi
3. Sonu¢ (Dikey matematiklestirme / Formiillestirme)
4. Degerlendirme
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Ders Plam

Ders: Matematik
Ogrenme Alam: Sayilar ve Islemler
Alt Ogrenme Alam: Yiizdeler
Simif diizeyi: Ortaokul 5. sinif
Siire: 2 ders saati (80 dk.)
Strateji-Yontem: Isbirlikli 6grenme, Problem ¢dzme, Tartisma
A) Kazanimlar:

1. Paydas1 100 olan kesirleri ylizde sembolii (%) ile gosterir.

2. Bir yiizdelik ifadeyi ayn biiyiikliigli temsil eden kesir ve ondalik gosterimle

iligkilendirir, bu gosterimleri birbirine doniistiirtir.

B) Ogretim Materyalleri, Ara¢-Gerecler: Gercek hayattan konu ile ilgili nesnelerin
resimleri, Akilli tahta, Renkli boyama kalemleri, Etkinlik kagitlari, Boya kutusu ve

fircasi

C) Ogrenme-Ogretme Siireci:
1. Giris
a. Isindirma / Dikkati cekme / On 6grenmelerle baglanti kurma

> Ogretmen, smifa bir boya kutusu ve bir boya fircas ile girer.

> Ogrencilerin dikkatini ¢geken bu nesnelerin ne oldugunu, ne ise yaradiklarmi, daha
once bir evin duvarlarinin boyanirken goriip gérmediklerini vb. sorular sorar.

» Daha sonra 6grencilerin odalarinin duvarlarinin ne renklerde oldugunu sorarak
ayni renkte olanlarinin sayisini tahtaya not eder.

> Ogrencilerden kaginin odasinda, hangi renkten kag adet oldugunu sorarak konuya
giris yapilir.

» Belirli renklerin sayilarini ifade ederken daha 6nce 6grendikleri kesirler ve ondalik
gosterimlerle ifade etmelerini ister (3/20 si beyaz, 4/20 si pembe vb. gibi).
(Intertwining)
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b. Giidiileme

» Daha sonra dgrencilere bu kesir ve ondalik gosterimlerin farkli sekilde ifade edilip
edilemeyecegi, ya da nasil ifade edilebilecegi sorularak onlarin merak duygusunun
artmasi saglanir.

> Ogrenciler belli bir siire fikirlerini belirttikten sonra, akilli tahta yardimiyla EK-
3’te yer alan resimler gosterilir.

» Resimlerin iizerinde yer alan sayilarin ne anlam ifade edebilecegi ile ilgili
Ogrencilerin diisiinceleri alinir.

> Ogrencilerin giinliik hayatta;

o Bir spor etkinligini izlerken tribiinlerin ne kadarinin dolu oldugunu,

o Bilgisayar oyunu oynarken oyundaki karakterin ne kadar gliciiniin
kaldigini,

o Telefon/tablet/bilgisayarlari sarj etmek i¢in pilin ne kadar dolu oldugunu...
vb. nasil ifade ettikleri tartigilarak konuya gecis yapilir.

» Bu resimlerden yola ¢ikilarak, televizyonlarda, alisveris merkezlerinde, reklam
panolarinda siklikla karsilastiklart % ifadesinin ne oldugu hakkinda tahminlerde
bulunmalari istenir.

> Ogretmen “Sizce neden kesir ve ondalik gdsterimleri yiizde olarak ifade etmeye
ithtiya¢ duyulmustur?”, “% sembolii neden kullanilir?”” seklinde sorular sorarak
ogrencilerin ilgisini ¢eker.

¢. Problem durumunun sunulmasi / Hedeflerin aciklanmasi / paylasiimasi

> Ogretmen, “bugiinkii derste kesir ve ondalik gdsterimlerin, yiizdelik ifadelerle
nasil gosterilecegini, bunlarin birbirine nasil doniistiiriilecegini ve yiizde (%)
semboliiniin nasil kullanilacagini 6grenecegiz” diyerek dersin hedeflerini aciklar.

d. Gruplarin olusturulmasi

> Ogrencilerden 5-6 kisilik gruplar olusturmalari istenir.

> Ogrencilere daha iyi, verimli ve etkili calisabileceklerini diisiindiikleri
arkadaslariyla ¢alismalarina izin verilmelidir. (Ancak burada grup dinamikleri ve
cinsiyet, akademik basar1 vb. faktorler bakimindan heterojen dagilimin

saglanmasina dikkat edilmelidir.)
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2. Etkinlik

a. Gruplarin problem iizerinde ¢calismasi / Kesfetme

>
>

Ogrencilere EK-1’deki etkinlik kagitlar1 dagitilir ve incelemeleri istenir.
Etkinligin amaci, 6grencilerden neler istendigi gibi konularda gruplarin kendi
iginde fikir alisverisi yapmalari istenir.

Gruplarin gerekli is bolimi, goérev dagilimi gibi konularda organize olmalari
konusunda hatirlatma yapilir. (Bu islemleri 6grencilerin kendileri belirlemeleri,
ogrencilere kontrol ve 6zerklik hissi saglamasi agisindan 6nemlidir).

Gruplara etkinlikte yer alan gérevleri yerine getirmeleri i¢in yeterli zaman verilir.
Etkinlik esnasinda 6grenciler kendilerine verilen gergek hayat problemlerini, kendi
dil ve sembolleri ile tanimlamaya caligirlar (Horizontal mathematization).
Ogrenciler etkinlikte yer alan problem durumuna, sahip olduklar1 informal bilgiler
ile ¢oziim iiretmeye calisarak, RME’nin 6nermis oldugu sekilde, “Uygulama,
kavrama ve bilgi” basamaklarindan gecerek formal bilgiye ulagsmalar1 saglanir.
Bu siirecte 6grenciler kendileri grup iginde tartisip karar vererek, probleme kendi
¢Oziim Onerilerini getirecek, istedikleri sayida renkleri belirleyecek ve farkli
renkteki karolarin sayisini biitliniin parcasi olarak hangi kesir ve ondalik gdsterime
karsilik geldigini ifade edeceklerdir.

Ogrenciler ¢oziimlerinin dogrulugunu gerekli yonlendirmeler sayesinde grup
icinde tartisarak kendileri yapacaklardir.

Ogretmen, grup caligmasi esnasinda 6grencilere ihtiyag duyduklari anda ipuglari
vererek onlara rehberlik eder, kavramlar1 6grenmelerine yardimer olur (Guided
reinvention).

Ogretmen 6grencilere grup arkadaslarina her firsatta yardime1 olmalari konusunda
hatirlatmalarda bulunmalidir. Kendisi de ihtiya¢ duyuldugu anda 6grencilere agik,
destekleyici ve bilgilendirici geri bildirimler saglamalidir.

Ogretmen kendisine sorulan sorular1 smiftaki diger 6grencilere “arkadasmizin
sOyle bir sorusu var, ... bu konu hakkinda siz ne diisiiniiyorsunuz?” seklinde
yonlendirmeler yaparak, siniftaki tiim 6grencilerin konu hakkinda derinlemesine
diisiinmelerini saglayabilir.

Ogretmen siirekli olarak gruplar arasinda gézlem yapmali, hizli ilerleyen gruplara

“neden boyle diisiindiiglinlizii agiklar misin1z? Peki sdyle olsaydi yanitiniz degisir
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miydi? Nasil/Neden?” gibi sorular sorarak; ilerlemekte zorlanan gruplara ise
bilgilendirici geribildirimler vererek veya problemleri daha basit pargalara bolerek
zorluk diizeyini dengede tutmalidir.

b. Gruplarin ¢éziim onerilerini paylasmasi (Reflection)

> Ogretmen her grubun olusturdugu tasarimlar1 tim smifla akilli tahta
yardimiyla paylasmalarini ister.

» Bu tasarimlarda kullanilan karolarin sayilarini, kesir ve ondalik gosterimlerle
ifade etmelerini ister.

¢. Grup tartismasi (Discussion)

» Gruplarin cevaplarint ve problemlerin ¢dzliimlerini paylastiktan sonra,
Ogretmen tarafindan gruplar arasinda fikir aligveriginin yogun bir sekilde
yapildig1 tartigma ortami baglatilir.

> Ogrencilerin birbirlerine geri bildirim vermeleri i¢in “Siz olsaydinmiz
arkadaslarinizin tasarimina/¢oziimiine neyi eklerdiniz? Neyi diizeltmek
isterdiniz? En begendiginiz nokta ne oldu?” seklinde sorular yoneltilerek
tartisma ortami desteklenir.

» Tartisma esnasinda dgrencilerin birbirlerine elestirel, kiigiik diisiiriicii, alayci
tutumlar sergilememesi konusunda dikkatli olunmalidir.

» Sinifta sessiz, s6z almaktan ¢ekinen, hata yapmaktan korktugu i¢in tartigma
ortamina katilmayan 6grencileri tartismaya dahil etmek i¢in 6gretmen sik sik
“hata yapmanin 6grenme icin birer firsat oldugunu, hata yapmaktan asla
korkmamalar1  gerektigini”  hatirlatmali, smifta  olumlu  duygularn
desteklemelidir.

> Ogrencilerin tartigmalari esnasinda, 6gretmen dogru terminolojinin kullanilip
kullanilmadigini takip eder, gerekli diizeltmeleri hemen yapar.

3. Sonu¢ (Dikey matematiklestirme / Formiillestirme)

» Bu asamada dikey matematiklestirmeye odaklanilir. Elde edilen bilgiler
matematiksel olarak ifade edilerek kuramsal seviyeye ulasilir.
» Gruplarin tasarimlarinda kullanilan karo sayilarin1 kesir ve ondalik

gosterimlerle ifade ettikten sonra, bu asamada O0gretmen tarafindan gerekli
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yonlendirmeler yapilarak paydasi yiliz olan kesirlerin yiizde sembolii ile nasil
gosterilecegi buldurulur.

» Burada 0Ogrencilere dersin basinda gosterilen giinliik hayattan 6rnek
resimlerden/durumlardan yararlanilir.

» Ardindan 6grenciler, daha once kesir ve ondalik gosterimlerle ifade edilen
sayilarin yiizdelik ifadeye nasil doniistiiriilecegini kesfederler.

» Dikey matematiklestirme ile 6grenciler herhangi bir model kullanmadan,
verilen kesir ve ondalik gdsterimleri ylizdelik ifade olarak gdsterir, bu

gosterimleri birbirine doniistiiriir.

4. Degerlendirme

>

Etkinlikte verilen problem durumuna benzer bir problem durumunun yer aldigi
EK-2’deki ¢alisma kagidi gruplara dagitilarak iizerinde diisiinmeleri ve ¢oziimler
bulmalari istenir.

Gruplarin ¢dziimlerini sinif tartigmasi yoluyla paylagmalari saglanir.

Ogretmen 6grencilerin verdikleri yanitlar1 not verme ve degerlendirme amacini
tasimamali, ya da 6grenciyi dizginleme amaciyla kullanmamalidir.

Ogrencilere “nasil” ve “neden” sorular1 sorularak konuyu anlayip anlamadiklari
gozlemlenir.

Ogrencilerden derste neler dgrendikleri, dersin nasil gectigi, dersle ilgili ne
hissettiklerini anlatmalar1 istenir.

Ogrencilerden sinifta yapilan etkinliklere ek olarak kesir, ondalik ifade ve yiizde
gosterimlerini igeren problemler olusturmalari istenir (Ev 6devi).

Giinliik hayatta ylizde sembolii ve ylizdelik gosterimin kullanildigi 6rnekleri
gozlemlemeleri ve bunlar1 bir sonraki derste sinifta paylagmalari istenir.

Bir sonraki derste 6grenecekleri konu ile ilgili kisaca bilgilendirme yapilarak ders

sonlandirilir.
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EK-1

OKUL BAHCESI TASARIM YARISMASI ETKINLIGi

Grup Adr: Grup Uyeleri:

Bir okul bahgesinde oyun oynarken gocuklarin bazilari
beton zeminde yere diismekte, bunun sonucunda da gesitli
yaralanmalar yasanmaktadir. Bu duruma bir ¢ozim bulmak
amactyla toplanan veliler, okulun bahgesine yaralanmalar:
onleyici kauguk karolar désenmesine karar vermislerdir.

Ancak okul idaresi ve 6gretmenlerle yapilan gériismeler
sonucu hangi renkte karolarin kullanilacagina ve bu karolarin
nasil diizenlenecegine bir tiirli karar verememislerdir. Bunun
tizerine okul yonetimi, ogrenciler arasinda bir yarisma
diizenlemeye karar vermistir. Yarismada en gok begenilen
bahge tasarimi, okul bahgesine uygulanacaktir.

Siz de grubunuzla birlikte agsagida verilen 6rnek bahgeyi
tasarlayin, tasariminiz okul bahgesine uygulansin!
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Okul Bahcesi Tasarimi
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1. Yaptigimz tasarimla ilgili asagida istenen bilgileri yazinz.
a. Tasarimda kullandiginiz karolarin renklerini yaziniz:
l.renk: ........ooeaie.

2.renk: oo
3.renk: ..o
d.renk: oo,

(Baska renk kullandiysaniz belirtebilirsiniz.)

b. Kullandiginiz karolarin hangi renkten kag adet oldugunu yaziniz:

........................... renkli karodan ................ adet
........................... renkli karodan ................ adet
........................... renkli karodan ................ adet
........................... renkli karodan ................ adet

(Baska renk kullandiysaniz ekleyiniz.)

c. Kullandiginiz karolarin sayisini kesir gosterimiyle ifade ediniz.
........................... renkli karolarin kesir gésterimi: ...............

........................... renkli karolarin kesir gosterimi: ...............
........................... renkli karolarin kesir gosterimi: ...............
........................... renkli karolarin kesir gésterimi: ...............

(Baska renk kullandiysaniz ekleyiniz.)
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d. Kullandigimiz karolarin sayisini ondalik gdsterimle ifade ediniz.
............................ renkli karolarin ondalik gésterimi: ...............

............................ renkli karolarin ondalik gésterimi: ...............
............................ renkli karolarin ondalik gosterimi: ...............
............................ renkli karolarin ondalik gosterimi: ...............

(Baska renk kullandiysaniz ekleyiniz.)

2. Kullandiginiz karolarin sayisini Yiizdelik (%) gosterimle ifade ediniz.
............................ renkli karolarin yiizde gosterimi: ...............

............................ renkli karolarin yiizde gosterimi: ...............
............................ renkli karolarin yiizde gosterimi: ...............
............................ renkli karolarin yiizde gosterimi: ...............

(Baska renk kullandiysaniz ekleyiniz.)

3. Tasariminizda kullandiginiz karolarin sayilari ile ilgili asagidaki tabloyu
doldurunuz. Bu gosterimler arasindaki iliskiyi tartisiniz.

Kullanilan renkler  Say1 Kesir (?‘ndal.lk Yiizde
gosterim ifade

1. Renk:.........

2. Renk:.........

3. Renk:.........

4. Renk:.........

(Baska renk

kullandiysaniz ekleyiniz.)
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EK-2

5. Sinif Kurs Listesi

Asagida 5. smif 6grencilerinin katildiklar1 kurslara ait bilgiler yer almaktadir. Ancak
tablo doldurulurken bazi yerler unutulmustur. Bos kalan kutucuklara kesir, ondalik
gosterim ve yiizde ifadelerinden uygun olan karsiliklarin1 yaziniz, seklin uygun
alanini boyayiniz.

Ogrencilerin Kesir Ondalik Yiizde Sekil
gittigi kurslar gosterim
Matematik
Fen Bilgisi 0.55
Ingilizce %80
Tiirkce 0.30
Sosyal Bilgiler !
Yy g 10
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EK-3

Yiizde Ifadelerinin Kullanimina iliskin Gergek Yasamdan Ornekler

' @ " .l 73%m 16:41

Indirimi Tahmini kalan
O (y kullanim stiresi
5_ 0 73% 32 sa 8 dk
PIL KULLANIMI
TURKIYE GENELI
Yasa gore taraftar dagilim

BIK| FB | TS | GS_

R Z AR % 16.2 1 % 15.70 % 9.81 % 16.8
P4 LI % 26.5 | % 19.50 % 17.6 | % 26.3

e s oIl % 22.3 | % 24.7 1% 27.5 1 % 22.7
L8 ol % 15.7 | % 20.6 1% 25.5 1 % 17.4
99 iistii % 19.31 % 19.51% 19.6 1 % 16.8

272



O. CURRICULUM VITAE

PERSONAL INFORMATION

Surname, Name: AY, Yasin
Nationality: Turkish (TC)
Date of Birth: -

Marital Status: -

EDUCATION
Degree Institution Year of
Graduation
PhD METU, Curriculum and Instruction, Ankara 2022
MS Ege University, Curriculum and Instruction, Izmir 2014
BS METU, Elementary Mathematics Education, 2011
Ankara
WORK EXPERIENCE
Year Place Enrollment
2011- Present  Ege University Research Assistant

FOREIGN LANGUAGES

Advanced English

273



P. TURKISH SUMMARY / TURKCE OZET

AKIS KURAMI ILKELERINE DAYALI GERCEKCI MATEMATIK EGITIMI
[LE ZENGINLESTIRILMIS MATEMATIK OGRETIMININ OGRENCILERIN
BASARI, KALICILIK, MOTIVASYON VE AKIS DURUMUNA ETKISi

GIRIS

Matematik, farkli gretim kademelerindeki dgrencilerin en basarisiz olduklar1 (Uredi
ve Uredi, 2005) ve olumlu duyussal ézelliklerin daha diisiik diizeylerde gdzlendigi
derslerden biridir (TEDMEM, 2021; Turner & Meyer, 2009). Yapilan ¢aligsmalarin pek
cogu bu durumu biligsel faktorlere baglamakta, matematik dersinin 6gretimi ile ilgili
¢Ozlim Onerileri sunmaktadir. Ancak bu durum, diisiik akademik performansin altinda
yatan zorluklarin biligsel olmaktan daha c¢ok duyussal faktorlerden kaynakli
olabilecegini savunan arastirmacilar tarafindan elestirilmektedir (Csikszentmihalyi ve
Mei-ha Wong, 1991). Diger bir ifadeyle, ogretimde yasanan kayiplar ve diisiik
akademik basarinin temelinde motivasyonla ilgili sorunlarin oldugu ileri siiriilmekte
(Csikszentmihalyi, 1990b), ancak motivasyon, Ogretim tasarimi c¢aligmalarinda
yeterince yer bulamamakta ve ihmal edilmektedir (Chan & Ahern, 1999).
Csikszentmihalyi (1975a) tarafindan ortaya atilan Akis Kurami, bireylerin herhangi
bir etkinlikte i¢csel motivasyonlarini saglayarak, severek, isteyerek ve keyif alarak

etkinlige katilmalarinin saglanabilecegini savunmaktadir.

Akis Kurami, 6gretim tasarmminin gereklilikleri ile motivasyonel tasarim teorisi
arasindaki baglantiyr kuracak ozelliklere sahiptir. Ornegin, dgretim tasarimlarinda
davranigsal ve bilissel psikolojiden daha fazla yararlanilmasina karsin, Akis Kurami
hiimanist psikolojinin unsurlarint da dahil ederek 6gretim tasarimindaki motivasyon

boyutunun genisletebilecegi ileri siiriilmektedir (Chan ve Ahern, 1999). Ancak, Akis
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Kuraminin 6gretim tasariminda nasil uygulanacagina iligskin yeterli deneysel ¢alisma
bulunmamaktadir. Bu noktada, spesifik bir matematik egitimi yaklasimi olarak ortaya
atilan ve 6grenenlerin ilgisini ¢ekecek gilinliik yasam problemlerinden olusan 6grenme
etkinlikleriyle kendi modellerini olusturarak anlamli 6grenmenin gerceklesmesini
sagladigr savunulan (Heuvel-Panhuizen, 2003; Treffers, 1991) GME yaklagiminin
Ogretimsel tasarim ilkeleri ile Akis Kuramui ilkeleri birbirini desteklemektedir (Heuvel-
Panhuizen, 2000; Jackson & Csikszentmihalyi, 1999; Jackson & Ecklund, 2004;
Schweinle, Meyer, & Turner, 2006; Uzel, 2007; Heuvel-Panhuizen & Wijers, 2005).
Bu nedenle, Akis Kuramiyla GME nin 6gretim tasarimi ilkelerinin entegre edilmesiyle
gelistirilen bir 6gretimin, 6grencilere eglenceli, katilimi ve giidiilenmeyi saglayan

O6grenme ortamlarinin saglanmasinda etkili olabilecegi diisiiniilmektedir.

Ozellikle matematik gretiminin tasariminda daha &grenilecek ¢ok sey oldugunu
belirten Norman'in (1993) sordugu su sorunun dikkate deger oldugu diistiniilmektedir:
Ogrenirken bu akis durumuna ulasmanin bir yolu var midir?. Bu nedenle, matematik
ogrenme ve Ogretmede Akis Kuramimin nasil kullanilacagini aragtirmak, daha
yakindan incelemeyi gerektirir. Bu bilgiler 1s1¢inda matematik 6gretiminde
Ogrencilerin motivasyonunu ve akademik basarisini artiracak 6gretim tasarimi ve
uygulamasina ihtiya¢ oldugu diisiintilmektedir. Bu calismada Akis Kurami ilkelerini
ve GME yaklagimmi temele alarak tasarlanan 6gretimin, Ogrencilerin matematik
dersinde basari, kalicilik, motivasyon ve akis durumlarina etkisini incelenmistir. mek

amaclanmustir.
Calismanin Amaci

Bu calismanin amaci, Akis Kurami ilkelerine ve Gergek¢i Matematik Egitimi’ne
dayali olarak hazirlanan matematik 6gretiminin 6grencilerin matematik dersindeki

basari, kalicilik, akis durumu ve motivasyonlar1 tizerindeki etkilerini incelemektir.
Cahsmanin Onemi

Bu calismanin alanyazina birgok agidan katki saglayacag diisiiniilmektedir. Ozellikle
tilkemizde, 6grencilerin matematige yonelik olumsuz duygularini, diisiik basar1 ve

Ozgiivenlerini, matematik umutsuzluklarin1 ortaya koyan pek ¢ok calisma yer
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almaktadir (Ev, 2003; Giindiiz Cetin ve Saracaloglu, 2021; TEDMEM, 2021).
Matematik, herkes tarafindan kabul edilen bir 6neme sahip olmasina ragmen,
Ogrenciler tarafindan sevilmemesi, korku duyulmasi, ilgi gérmemesi ve basarisiz

olunmasi, iizerinde 6nemle durulmasi gereken bir konudur.

Alanyazinda motivasyon ve 0grenci Ozelliklerinin akademik basari iizerinde etkisi
oldugunu inceleyen pek cok arastirma yer almaktadir. Ozellikle i¢sel motivasyon
diizeyi yiiksek olan Ogrencilerin bu dersten keyif alma ve derse ilgi gosterme
diizeylerine paralel olarak daha yiiksek matematik basarisina sahip oldugu ifade
edilmektedir (Akben-Selguk, 2017). igsel motivasyonun ve dolayisiyla matematik
basarisinin artirilmast amaciyla, egitimcilerin etkili 6gretim ortamlari tasarlamasi,
katilimi artiran 6grenme gorevleri ve etkinlikler planlamalari1 6nem arz etmektedir. Bu
baglamda, Akis Kuram1 ve GME’ye dayali olarak tasarlanan dgretimin, 6grencilere
katildiklar1 etkinliklerden keyif almalarini, bu etkinliklerde biiylik bir ¢aba
gostermelerini, ve icsel motivasyonlarini artirmalarini saglayarak, bu ihtiyaci
gidermede etkili olacagi ve egitimcilere yol gosterecegi diisiiniilmektedir (Challco,

Andrade, Borges, Bittencourt ve Isotani, 2016; Csikszentmihalyi ve Nakamura, 2014).

Bu caligmanin odak noktasi olarak Akis Kuraminin kullanilmig olmasinin ii¢ temel
nedeni vardr. ilk olarak, akis deneyimi, agikca belirtilen hedefler, algilanan beceriler
ve zorluk dengesi, aninda geri bildirim, 6zerklik ve konsantrasyon gibi kaliteli bir
O0grenme ortami icin 6dnemli olan unsurlar1 onermektedir. Ardindan, Akis Kurami
ogrenmenin bireylerin 6grenmesini etkileyebilecek olan can sikintisi, kaygi, ilgisizlik
ve keyif alma gibi duyussal yonlerini ele almamiza yardimei olur. Ugiinciisii, akis
deneyimleri, bireylerin etkinliklere yonelik igsel gilidiilenmelerini saglayarak daha
fazla katilim saglar. Yani, bir kisi bir etkinli§i yapmaktan hoslaniyorsa, biiyiik

olasilikla geri doniip tekrar o etkinligi yapmak isteyecektir.

Akis kuraminin pek ¢ok alanda etkisi incelenmis olsa da egitimle ilgili yeterince bilgi
ve deneyim elde edilmemistir. Akis Kuramimin egitimle ilgili kullanildig:
caligmalarda, genellikle okul etkinliklerinde ne kadar akis durumunun gozlendigi, ya
da Ogrencilerin giin i¢inde hangi egitim faaliyetlerinde daha fazla akis durumu

yasadigina yonelik incelemelerde bulunuldugu goriilmektedir (Ak-Sentiirk, 2010;
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Alperer, 2005; Baydas, Karakus, Topu, Yilmaz, Oztiirk, & Goktas, 2015; Inal &
Cagiltay, 2007; Kirchhoff, 2013; Sillaots, 2014). Kuramin, bir 6gretimin tasarlanmasi
ve uygulanmasi ile ilgili ¢ok nadir ¢alismaya rastlanmis, matematik dersine yonelik
Ogretim tasariminda bu kuramin kullanildig1 ve deneysel olarak incelendigi neredeyse
hi¢bir ¢alismaya rastlanmamistir (Aydin, 2005; Hamari et al., 2016; Mannell &
Bradley, 1986). Dolayisiyla bu ¢alismanin, alanyazinda yer alan boslugu gidermede
katki sagladigi gibi, Ogretmenlere, program gelistirme uzmanlarina ve diger

paydaslara da yararli sonuglar sundugu diisiiniilmektedir.
Yontem
Arastirma Deseni

Arastirmada yari-deneysel aragtirma desenlerinden biri olan Ontest-sontest kontrol
gruplu desen kullanilmigtir. Calisma, Onceden olusturulmus olan gruplarla
yiuritilmis, gruplarin denkligi nicel veri toplama araglarinin Ontest olarak
uygulanmasinin  ardindan belirlenmistir. Gruplar, birbirine denk olduklar

belirlendikten sonra, rastgele bir sekilde deney ve kontrol grubu olarak atanmistir.
Arastirma Sorulari

1. Deney ve kontrol gruplarmin Matematik Basar1 ve Kalicilik puanlari arasinda

anlamli bir fark var midir?

2. Deney ve kontrol gruplarinin Akis Durumu puanlar1 arasinda anlamli bir fark var

mudir?

a. Deney ve kontrol gruplarinin Akis alt boyutu puanlar1 arasinda anlamli bir

fark var midir?

b. Deney ve kontrol gruplarinin Sikilma alt boyutu puanlart arasinda anlaml

bir fark var midir?

c. Deney ve kontrol gruplarinin Kaygi alt boyutu puanlart arasinda anlamli bir

fark var midir?
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3. Deney ve kontrol gruplarinin Matematik Motivasyonu puanlari arasinda anlamli bir

fark var midir?

4. Deney grubu 6grencilerinin uygulanan 6gretim hakkindaki goriisleri nelerdir?

Caliymamn Katihmcilar

Ortaokul besinci sinif 6grencileriyle yiiriitiilen ¢aligmanin deney grubunda 37, kontrol
grubunda 36 6grenci yer almaktadir. Deney grubu 6grencilerinin 14’1 kiz, 23’1 erkek;

kontrol grubu dgrencilerinin 16°s1 kiz, 20°si erkektir.

Deney ve kontrol gruplarinin denk olup olmadigini belirlemek i¢in deneysel islem
siirecine baslamadan énce MT, MADO ve MMO her iki gruba uygulanarak, gruplar
arasinda fark olup olmadig: incelenmistir. Elde edilen veriler SPSS 25 programi
yardimiyla t-testler kullanilarak analiz edilmistir. Yapilan t-test sonuglarina gore, her
iki grubun MT, MADO ve MMO’den aldiklar1 puanlar arasinda anlamli bir fark
olmadig1 belirlenmis, ardindan gruplardan biri deney digeri kontrol grubu olarak

rastgele bir sekilde atanmustir.

tiim 6grencilerden toplanmistir. Goriigmeler ise basari testi sonucuna gére maksimum
cesitlilik 6rnekleme yontemi kullanilarak belirlenen 10 6grenci ile gergeklestirilmistir.
Ogrencilerin sontest Matematik Testinden elde ettikleri puanlar derecelendirilerek alt
(n = 3), orta (n = 4) ve st (n = 3) basar1 gruplarindan 6grenciler belirlenmis ve

goriismeler gergeklestirilmistir.
Veri Toplama Araclan

Arastirma sorularina yanit bulmak amaciyla nicel verilerin elde edilmesi igin
Matematik Testi (MT), Matematikte Akis Durumu Olgegi (MADO), Matematik Dersi
Motivasyon Olgegi (MMO); nitel verilerin elde edilmesi i¢in ise Gozlem Formu,
Ogrenci Giinliikleri ve Goriisme Formu kullamlmistir. Bu araglar asagida

aciklanmustir.
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Matematik Testi

MT, arastirmaci tarafindan deneysel islem baglamadan once gelistirilmistir. Testin
gelistirilmesinde MEB (2017) tarafindan hazirlanan Ortaokul Matematik Ogretim
Programinda yer alan kazanimlar dikkate alinmistir. Kazanimlara ve bilissel
diizeylerine karar verilmesinin ardindan her kazanima yonelik en az iki maddenin yer
aldig1 toplam 40 maddelik deneme formu olusturulmus, farkli alan uzmanlarindan
goriis ve geri bildirim alinmis, ardindan 344 ortaokul 6grencisine deneme uygulamasi

yapilmistir.

Elde edilen verilerin test ve madde istatistikleri hesaplandiktan sonra, her kazanimi
Olgen yiiksek ayirt edicilik ve orta diizeyde gii¢liige sahip birer madde segilmistir.
Sonug olarak, 18 maddeden olusan nihai testin KR-20 giivenirlik katsayist 0.75,
ortalama gii¢liigii 0.52, ortalama ayirt ediciligi 0.49 olarak bulunmustur.

Matematik Dersi Akis Durumu Olgegi

MADO (Bkz. Ek J), Eryllmaz ve Mammadov (2016a) tarafindan gelistirilmis olup,
4’lii likert tipinde bir dlgektir. Olgek, Akis, Sikilma ve Kaygi olmak iizere 3 alt boyut
ve bu boyutlar1 6lgen 13 maddeden olugmaktadir. Aragtirmacilar, faktorler arasindaki
korelasyonlarin anlamli olmamas1 nedeniyle 6l¢egin toplam puani yerine faktorleri
acisindan kullanilmasini dnermislerdir. Olgegin gelistirilmesinde, 14-18 yas grubunda
yer alan lise Ogrencilerinden veri toplandigi icin, Olgegin 5. Smuf yas diizeyine
uygunlugunu belirlemek adina uyarlama ¢aligmasi yapilmistir. Bu amagla 6lgek, bu
calismada yer alan 6grencilerin disinda, 5. simnif 380 6grenciye uygulanarak AFA ve

DFA analizleri yapilmistir.

AFA sonuglarma gére, MADO niin 13 maddesi igin temel yap1y1 degerlendirmek igin
varimax rotasyonlu temel eksen faktor analizi yapilmistir. Maddelerin akis, sikilma ve
kayg1 olmak iizere ii¢ yapiy1 endeksleyecek sekilde tasarlandig1 gerceginden hareketle
ti¢ faktor istenmistir. Buna gore, 1. Faktor icin faktor yiikleri .496 ile .785 arasinda, 2.
Faktor i¢in .566 ile .709 arasinda, 3. Faktor icin .536 ile .709 arasinda elde edilmis ve

bu degerler anlamli bulunmustur (Hair ve dig., 2010) bunlar anlamliyd: (Hair ve ark.,
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2010). Dondiirmeden sonra 1. faktor varyansin %19.42'sini, 2. faktor %16.96'si1 ve
3. faktor %14.36'sin1 agiklamustir.

DFA sonuglari, akis, sikilma ve kaygi faktorlerinin “Akis Durumu” adi verilen bir
yapimin bilesenleri oldugunu dogrulamaktadir. Uyum iyiligi indeksleri; X2= 165.51;
X?/df = 2.67; p = 0,00; ECVI = 0,59; NFI = 0.96; NNFI = 0.97; CFI = 0.97; EFE =
0.97; GFI = 0.94; AGFI =0.91 ve RMSEA = 0.066 olarak elde edilmistir. indekslerin
bu degerleri 61¢iim modelinin kabul edilebilir oldugunu kanitlamaktadir (Schermelleh-

Engel ve Miiller, 2003).

Olgekte yer alan akis, sikilma ve kaygi boyutlarina iliskin Cronbach Alpha ig tutarlilik
katsayilar sirasiyla .78, .77 ve .85 olarak elde edilmistir.

Matematik Motivasyon Ol¢egi

MMO (Bkz. Ek K), Tahiroglu ve Cakir (2014) tarafindan gelistirilmis bir 6lgek olup,
Olcegin gelistirilme asamasinda arastirmacilar 299 dordiincii sinif 6grencisinden veri
toplayarak analizleri geceklestirmislerdir. 5°1i likert tipinde olan 6l¢ek toplam 5 faktor
ve 32 maddeden olusmaktadir. Faktorler; takdir edilmeye yonelik, ilgi istek ve
ithtiyaclara yonelik, oOzgiiven gelistirmeye yonelik, basarili olmaya yonelik, ve
hedeflere yonelik giidiilenme seklindedir. Faktorlere ait Cronbach Alpha giivenirlik
katsayilar1 sirasiyla .91, .92, .89, .85 ve .70 olup, 6lgegin toplam glivenirlik katsayisi
.93 olarak elde edilmistir.

Goriisme Formu

Akis Kuramma dayali matematik Ogretimi alan ogrencilerin, Ogretim siireci,
etkinlikler ve deneyimleri hakkinda goriiglerini 6grenmek amaciyla yari
yapilandirilmig bir goriisme formu hazirlanmistir. Bu form 11 agik uglu sorudan
olugmaktadir. Formun hazirlanmasinda sorularin uygunlugunu belirlemek amaciyla
farkli alanlardan bes uzmanin goriisleri alinmis, ardindan 5. Sinif {ic 6grenciyle
deneme uygulamasi yapilmistir. Yanlis anlagilma ya da anlagilamama ihtimali olan

ifadeler diizenlenerek formun son hali belirlenmistir (Bkz. Ek L).
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Gozlem Formu

Arastirmaci, 6grencilerin etkinliklere yonelik davraniglarini, 6grenciler arasindaki
iliskiyi ve 6gretmenin 6gretimini gozlemlemek i¢in deney silirecinde sinifta hazir
bulunmustur. Bu amagcla aragtirmanin arastirma sorulari dogrultusunda bir gergeve

hazirlanmis ve arastirmaci tarafindan kullanilmistir (Bkz. Ek M).
Ogrenci Giinliikleri

Aragtirmada ogrencilerden haftalik olarak matematik dersleri ile ilgili gilinliik
yazmalar1 istenmistir. Diger veri toplama araglarindan elde edilecek verilerin
cesitlemesinde Ogrenci giinliiklerinden yararlanilmistir. Bu amagla literatiirde
kullanilan gilinlikler incelenmis ve ogrencilerden matematik derslerinde neler
hissettikleri, etkinliklerle ilgili diislinceleri ve derste neler 6grendikleri hakkinda
kisaca yazmalar istenmigstir. Giinliikkler 6grencilerden haftalik olarak toplanmis ve

bilgisayara aktarilmistir.
Deneysel islem Materyali

Calismanin yapilacagi siiregte yillik planda yer alan kazanimlarin Ogretilmesi
amactyla aragtirmaci tarafindan Ogretim tasarlanmig ve gerekli tiim etkinliklerle
materyaller hazirlanmistir. Bu asamada Akis Kuraminin ilkeleri temele alinmis, ayni
zamanda GME yaklagimindan yararlanilarak Ogretim siireci zenginlestirilmistir.
Alanyazin incelendiginde, bir 6gretim tasarimi yapilirken Akis Kurami ilkelerinin
nasil kullanilabilecegine dair higbir drnege rastlanamamistir. Ancak kuramla ilgili
yapilan bazi ¢calismalarda arastirmacilar farkl siniflarda 6gretim yapan 6gretmenlerin
davraniglari, kullandiklar1 6gretim stratejileri lizerinde detayli gdzlemler yapmus,
ardindan bu unsurlardan hangilerinin 6grencilerde daha fazla akis deneyimi ve
motivasyon sagladigina iliskin ¢ikarimlarda bulunmuslardir (Challco et al., 2016;
Gunderson, 2003; Schweinle, Turner ve Meyer, 2006; Su ve Hsaio, 2015; Turner ve
dig., 1998). Akis Kuraminin ele alindig1 egitim ve oOgretimle ilgili calismalarda
genellikle uygulanan 6gretimin Ogrencilerde ne derece akisa neden oldugu (Ak-
Sentiirk, 2010; Armstrong, 2008) ya da kullanilan bazi tekniklerin akis deneyimine
katki saglayip saglamadigi (Admiraal, Huizenga, Akkerman & Dam, 2011; Alperer,
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2005; Aremu & Adebagbo, 2016; Chan & Ahern, 1999; Kalay, 2013; Su & Hsaio,
2015) iizerine bulgulara erisildigi goriilmektedir. Tiim bu ¢alismalardan elde edilen
bulgular dogrultusunda arastirmaci tarafindan ¢ikarimlarda bulunulmus ve Akis
Kuramina dayali bir 6gretim tasariminin sahip olmasi gereken 6zellikler belirlenmistir.
Ardindan, bu ozellikler matematik 6gretimine uyarlanarak 11 haftalik bir 6gretim
tasarimi1 hazirlanmis, bu noktada bir matematik egitimi yaklasimi olan ve Akis Kurami

ile birbirini destekleyen 6zelliklere sahip olan GME’den yararlanilmstir.

Hazirlanan ogretim tasariminda kullanilacak etkinlik ve materyaller, Egitim
Programlar1 ve Ogretim alamindan iki, Bilgisayar ve Ogretim Teknolojileri
Egitiminden bir uzmanmn ve ii¢ ilkogretim matematik Ogretmeninin goriisiine
sunulmustur. Uzmanlar icerik, etkinliklerin kazanimlara uygunlugu, 6grencilerin
gelisim diizeyleri, kullanilan dil gibi konularda geribildirimlerde bulunmus, bu
geribildirimler dogrultusunda kullanilacak siire, ger¢ek yasam durumlarinda
kullanilan 6rnekler, etkinliklerde kullanilan problemler, sekil ve tablolarda gerekli

diizenlemeler yapilmistir.

Etkinliklerin ve ders planlarinin hazirlanmasinda kullanilan 6gretim stratejileri su
sekildedir: Beceri ve zorluk diizeyi arasindaki dengenin saglanmasi, geribildirim
saglama, Ogrenen Ozerkligini destekleme, olumlu duygulan tesvik etme, sosyal
ozelliklerin bazilar farkli sekillerde veya miktarlarda herhangi bir sinif ortaminda yer
aliyor olabilir. Ancak, Schweinle ve digerlerine (2006) gore, Akis Kuramina dayali
O0gretim ortamlarinda bu unsurlarin motivasyonu ve akis durumunu saglayabilmesi

icin miimkiin oldugunca birlikte yer almas1 gerekmektedir.
Verilerin Toplanmasi

Bu calisma 2017-2018 bahar yariyilinda, ortaokul 5. sinif matematik dersinde 11 hafta
boyunca siirdiiriilmiistiir. Deneysel islemden 6nce, her iki grubun arasinda fark olup
olmadigim belirlemek igin dgrencilere MT, MADO ve MMO uygulanmistir. Yapilan
analizler sonucu gruplar arasinda herhangi bir fark olmadig: belirlenmistir. Ardindan
rastgele bir sekilde gruplardan biri deney digeri kontrol grubu olarak secilmistir. 11
haftalik uygulama boyunca arastirmaci deney grubunda yapilan 6gretimi gézlemlemis
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ve gozlem formu kullanarak notlarin1 kaydetmistir. Bu siirecte deney grubu
ogrencilerinden her hafta uygulanan matematik 6gretimi, etkinlikler ve materyaller
hakkinda giinliik yazmalar1 istenmistir. Deneysel islemin tamamlanmasinin hemen
ardindan deney ve kontrol gruplarina MT, MADO ve MMO sontestleri uygulanmistir.
MT’den elde edilen veriler analiz edilmis ve iist, orta ve alt basar1 diizeyinden toplam
10 oOgrenci belirlenerek bu 0Ogrencilerle yar1 yapilandirilmis  goriismeler
gergeklestirilmistir. Goriismeler okulda bulunan bos bir odada yapilmis ve ses kayit
cihazi yardimiyla kayit altina alinmistir. Deneysel uygulamanin iizerinden dort ay
gectikten sonra, aragtirmaci tarafindan MT kaliciligi belirlemek adina tekrar

uygulanmistir.
Verilerin Analizi
Nicel Verilerin Analizi

Gruplarin deney Oncesinde aralarinda fark olup olmadigini belirlemek i¢in bagimsiz
orneklemler i¢in t testinden yararlanilmistir. Birinci arasgtirma sorusuna yanit
bulabilmek i¢in, Matematik Testinden elde edilen veriler 3x2 tekrarli 6l¢imler icin
karma ANOVA ile analiz edilmistir. Ikinci ve iiciincii arastirma sorularma yanit
bulmak amactyla MADO ve MMQ’den elde edilen veriler 2x2 tekrarli dlgiimler icin
karma ANOVA kullanilarak analiz edilmistir. Ardindan, bazi1 anlamlilik degerlerini
yorumlayabilmek igin iligkili orneklemler ve bagimsiz 6rneklemler igin t-testleri

kullanilmistir.
Nitel Verilerin Analizi

Yar1 yapilandirilmig goriismeler, gozlemler ve 6grenci giinliiklerinden elde edilen nitel
verilerin analizinde tiimevarimsal ve tlimdengelimsel tematik analiz yOntemi
kullanilmistir. Tematik analiz gergeklestirilirken, Braun ve Clarke (2006) tarafindan
Onerilen alt1 agamadan olusan analiz teknigi kullanilmistir. Bu asamalar sirasiyla “1.
Veriye asina olma, 2. Ik kodlarin olusturulmasi, 3. Temalarin aranmasi, 4. Temalarmn
gozden gecirilmesi, 5. Temalarin tanimlanmasi ve isimlendirilmesi ve 5. Raporun
hazirlanmas1” seklindedir. Veriye asina olma adiminda arastirmaci tiim veri toplama

stirecine dahil olmus, deneysel islem boyunca gozlemler yapmis ve dgrencilerle yari
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yapilandirilmig goriismeleri gerceklestirmistir. Ardindan aragtirmaci, elde edilen tiim
nitel veri setini bilgisayar ortamina aktararak, bastan sona birka¢ defa okumustur. lk
kodlarin olusturulmasi1 adiminda arastirmaci Oncelikle veriden yola ¢ikarak kodlar
olusturmus, ardindan alanyazinda var olan kodlarla bu kodlar iliskilendirilerek bir kod
kitab1 olusturulmustur. Olusturulan kodlar egitim bilimleri boliimiinde gdrev yapan,
nitel arastirma hakkinda deneyimli ve doktora tezini bu yaklagimla tamamlamis olan
bir uzmanla paylasilmis, iki arastirmaci kodlar iizerinde tartisarak benzerlik ve
farkliliklar hakkinda uzlasmis ve kod kitab1 diizenlenmistir. Sonug olarak iki kodlayici
arasinda %83 uyum oldugu belirlenmistir. Kodlayicilar arast %80 ve {izeri
giivenirligin elde edilmesi yeterli olarak kabul goérdiigiinden (Miles ve Huberman,
1994) bu kod listesi ile calismaya devam edilmistir. Temalarin aranmasi adiminda,
arastirmact kodlar1 yeniden analiz ederek olasi temalar altinda gruplandirmayi
amaglamistir. Bu adimda, kod ve temalarin belirlenmesinde Csikszentmihalyi, Latter
ve Duranso (2017) tarafindan Akis Teorisinin temel ilkelerinin dnciilleri ve sonuglari
olarak yapilan tanimlar1 ve gruplandirilmast kullanilmistir. Temalarin gbdzden
gecirilmesi adiminda aragtirmaci belirlenen olasi temalar1 yeniden incelemis ve bazi
temalarin birlestirilmesi, bazilarinin ise diger temalar altinda alt temalar olarak yer
almas1 gerektigine karar vermistir. Arastirmaci, veri setini yansitan tatmin edici bir
tematik haritaya ulasana kadar temalar1 incelemeye devam etmistir. Temalarin
tanimlanmasi ve isimlendirilmesi adiminda her bir temanin ve alt temalarin veri setinin
hangi boyutunu yansittigini tanimlamistir. Daha sonra bu temalar i¢in kisa, 6z, dikkat
cekici ve anlasilir isimler belirlenmistir. Ayrica tema ve alt temalarin birbiriyle ortiisiip
ortiismedigine bakilmis ve temalarin temsil ettigi veriler analiz edilmistir (Braun ve
Clarke, 2006). Miles ve Huberman'in (1994) her temanin kendi icinde homojen olmast
ve diger temalarin birbirinden ayr1 olmas1 gerektigi goriisiinden hareketle bu durum

tiim temalar ve alt temalar i¢in kontrol edilmistir.
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Bulgular

Ogretimin Matematik Basaris1 ve Kalicihk Uzerinde Etkisine iliskin Elde Edilen

Bulgular

Aragtirmanin birinci alt problemi, deney ve kontrol gruplarinin bagar1 ve kalicilik testi
puanlar1 arasinda anlamli bir fark olup olmadigini belirlemeye yoneliktir. Bu aragtirma
problemine yanit bulabilmek amaciyla gergeklestirilen tekrarli 6lgiimler i¢in karma
ANOVA sonuglari, 6l¢glim zamani ana etkisinin istatistiksel olarak anlamli oldugunu
ortaya koymustur, F (1.524, 108.204) = 159.21, p = .000. Cohen’e (1988) gore n? >
.20 oldugundan, elde edilen etki biyikligl yiiksek veya kuvvetli olarak
siniflandirilabilir. Diger taraftan, ANOVA sonuglar1 grup ana etkisinin istatistiksel
olarak anlamli olmadigini ortaya koymaktadir, F (1, 71) = 1.422, p = .24. ANOVA
sonuclarindan elde edilen bir diger sonug ise, 6l¢iim zamani ve grup etkilesiminin

istatistiksel olarak anlamli oldugu seklindedir, F (1.524, 108.204) = 4.398, p < .05.

Olgiim zaman1 ana etkisi anlamli bulundugu igin, bu farkin nereden kaynaklandigin
belirlemek amaciyla Bonferroni diizeltmeleri kullanilarak ikili karsilastirmalar
yapilmistir. Yapilan ikili karsilagtirmalar, deney grubunun elde etmis oldugu Ontest-
sontest (p < .001), sontest-kalicilik testi (p < .05), ve Ontest-kalicilik testi (p < .001)
matematik puanlar1 arasindaki farkin istatistiksel olarak anlamli oldugunu ortaya
koymaktadir. Diger taraftan, kontrol grubunun elde etmis oldugu Ontest-sontest (p <
.001) ve Ontest-kalicilik testi matematik puanlar1 arasindaki fark anlamli bulunurken,
sontest-kalicilik testi (p > .05) puanlar1 arasindaki farkin istatistiksel olarak anlamli
olmadig1 belirlenmistir. Buna gore, deney grubunda uygulanan dgretim, 6grencilerin
sontest ve kalicilik testindeki matematik puanlar ilizerinde etkili olurken, kontrol
grubunda uygulanan 6gretim sadece sontest matematik puanlari iizerinde anlamli bir

etkiye neden olmustur.

Etkilesim etkisinin anlamli ¢ikmasini saglayan farkliliklarin belirlenmesi i¢in ilk
olarak deney ve kontrol gruplarinin ontest ile sontest puanlari karsilastirilmistir. Buna
gore, deney ve kontrol gruplarinin ontest ile karsilastirildiginda sontestten aldiklar

puanlar arasinda anlamli bir fark olmadigi belirlenmistir, F (1,71) = .548, p > .05.
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Ikinci olarak, deney ve kontrol gruplarmin sontest ile kalicilik testi puanlari
karsilagtiritlmistir.  Buna gore, deney ve kontrol gruplarmin sontest ile
karsilastirildiginda kalicilik testinden aldiklar1 puanlar arasinda istatistiksel olarak
anlamli bir fark oldugu belirlenmistir, F (1,71) = 9.491, p < .05. Bu farka gore, deney
grubunun sontestle karsilastirildiginda kalicilik testinden aldigi puanlar, kontrol

grubunun aldigi puanlardan anlamli olarak daha yiiksektir.

Ogretimin Matematikte Akis Durumu Uzerinde Etkisine iliskin Elde Edilen

Bulgular

Arastirmanin ikinci alt problemi, deney ve kontrol gruplarinin Akis Durumu
Olgeginden elde ettikleri puanlar arasinda anlamli bir fark olup olmadigini belirlemeye
yoneliktir. Akis Durumu Olgeginin alt boyutlari olan Akis, Sikilma ve Kaygiya iliskin
elde edilen puanlar, tekrarli dlgiimler i¢in karma ANOVA ile ayri ayri analiz edilerek

bulgular sunulmustur.
Alas Alt-Boyutuna Iliskin Elde Edilen Bulgular

Yapilan ANOVA analizi sonuclarina gore, 6l¢iim zamani ana etkisinin istatistiksel
olarak anlamli oldugu belirlenmistir, F (1, 71) = 19.39, p =.000. Cohen’e (1988) gore
n? > .20 oldugundan, elde edilen etki biiyiikliigii yiiksek veya kuvvetli etki olarak
siniflandirilabilir. Bu etki, grup degiskeni goz ardi1 edildiginde, bazi1 o6l¢iim
zamanlarinin digerlerinden Onemli 6l¢iide farklilagtigini gostermektedir. Ayrica,
ANOVA sonuclari, grup ana etkisinin istatistiksel olarak anlamli olmadigini
gostermistir, F (1, 71) = 3.10, p = .083, n? = .04. Sonuglar ayrica dl¢iim zaman ile
grup etkilesiminin istatistiksel olarak anlamli olmadigini ortaya koymaktadir, F (1, 71)
=3.55, p =.064, n? = .05.

Olgiim zaman1 ana etkisi anlamli bulundugu icin, bu farkin nereden kaynaklandigin
belirlemeye ihtiyag¢ vardir. Bu amagcla, deney ve kontrol gruplarinin sontest puanlari
arasinda fark olup olmadigini belirlemek i¢in bagimsiz 6rneklemler t-testi; gruplarin
Ontest ve sontest puanlari arasinda fark olup olmadigimi belirlemek icin iligkili

orneklemler t-testi kullanilmistir.
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Bagimsiz drneklemler t-testi sonucuna gore, deney ve kontrol gruplarinin sontest Akis
Alt-Boyutu puanlari arasinda deney grubu lehine anlamli bir fark vardir t(71) = 2.32,
p < .05. Cohen’e (1988) gore, bu fark kiiciik veya zayif bir etkiye sahiptir (d = .22).
Iliskili drneklemler t-testi sonucuna gore, deney grubu Ogrencilerinin Akis Alt-
Boyutuna iligkin son test puanlarinin, ontest puanlarindan anlamli olarak daha ytiksek
oldugu belirlenmistir, t(36) = 5.17, p = .000. Cohen’e (1988) gore bu farklilik biiyiik
etki degeri gostermektedir (d = .84). Ancak, kontrol grubuna iliskin Ontest ve sontest
Akis Alt-Boyutu puanlarinin anlamli bir fark gostermedigi belirlenmistir, t(35) = 1.58,
p > .05. Elde edilen bu bulgular, deney grubunda uygulanan 6gretimin 6grencilerin
sontest Akis alt boyutu puanlarini artirmada etkili oldugunu, ancak kontrol grubunda
uygulanan 6gretimin sontest Akis alt boyutu puanlar tizerinde anlamli bir etkisi

olmadigini géstermektedir.
Stkilma Alt Boyutuna Iliskin Elde Edilen Bulgular

Sikilma alt boyutuna iliskin elde edilen ANOVA analizi sonuglarina gore, 6l¢iim
zamani ana etkisinin istatistiksel olarak anlamli oldugu belirlenmistir, F (1, 71) =5.64,
p < .05. Cohen’e (1988) gore n= .074 oldugundan, elde edilen etki biiyiikliigii orta
diizey olarak siniflandirilabilir. Bu etki, grup degiskeni goz ardi edildiginde, bazi
Olclim zamanlarinin digerlerinden onemli oOlclide farklilastiginmi gdstermektedir.
ANOVA sonuclari, grup ana etkisinin istatistiksel olarak anlamli olmadigim
gostermistir, F (1, 71) = .25, p > .05. Bu etki 6l¢iim zamani1 g6z ard1 edildiginde, deney
grubunun Sikilma alt-boyutu puanlarinin kontrol grubundan anlamli olarak farkli
olmadigini gostermektedir. Ayrica, sonuglar 6lglim zamani ile grup etkilesiminin

istatistiksel olarak anlamli olmadigini gostermektedir, F (1,71) = 1.35, p > .05.

Olgiim zamani ana etkisi anlamli bulundugu igin, bu farkin nereden kaynaklandigin
belirlemeye ihtiya¢ vardir. Bu amagcla, deney ve kontrol gruplarinin sontest puanlari
arasinda fark olup olmadigini belirlemek igin bagimsiz 6rneklemler t-testi; gruplarin
Ontest ve sontest puanlart arasinda fark olup olmadigimi belirlemek icin iligkili

orneklemler t-testi kullanilmistir.

Bagimsiz Orneklemler t-testi sonucuna goére, deney ve kontrol gruplarinin sontest
Sikilma alt-boyutu puanlar1 arasinda anlamli bir fark yoktur, t(71) = 1.01, p > .05.
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Mliskili 6rneklemler t-testi sonucuna gére, deney grubu dgrencilerinin Sikilma alt-
boyutuna iliskin son test puanlarinin, ontest puanlarindan anlamli olarak daha diisiik
oldugu belirlenmistir, t(36) = 2.63, p < .05. Ancak, kontrol grubuna iligskin Ontest ve
sontest Sikilma alt-boyutu puanlarinin anlamli bir fark gostermedigi belirlenmistir,
t(35) = .82, p > .05. Elde edilen bu sonuglar, deney grubunda uygulanan 6gretimin
ogrencilerin sontest Sikilma alt-boyutu puanlar iizerinde anlamli etkisi oldugunu,
ancak kontrol grubunda uygulanan 6gretimin 6grencilerin sontest Sikilma alt-boyutu

puanlar1 {izerinde anlamli bir etki yaratmadigini géstermektedir.
Kaygt Alt-Boyutuna Iliskin Elde Edilen Bulgular

Kaygi alt-boyutuna iligkin elde edilen karma ANOV A sonuglarina gore, 6lgiim zamani
ana etkisinin istatistiksel olarak anlamli olmadig1 belirlenmistir, F (1, 71) = 3.75, p =
.057. Buna gore, grup degiskeni goz ardi edildiginde 6l¢iim zamanlarinin birbirinden
onemli Ol¢lide farklilagmadigi soylenebilir. Ayrica ANOVA sonuglart grup ana
etkisinin istatistiksel olarak anlamli olmadigin1 géstermistir, F (1, 71) = .02, p > .05.
Bu etki, dl¢iim zaman1 g6z ardi edildiginde gruplarin Kaygi alt-boyutu puanlarinin
anlamli olarak farklilasmadigin1 gostermektedir. Ayrica, sonuglar 6l¢iim zamani ile
grup etkilesiminin istatistiksel olarak anlamli olmadigini gostermektedir, F (1, 71) =
2.58, p > .05. Buna gore, iki 0l¢iim zamaninda aliman Kaygi alt-boyutuna iliskin

puanlar deney ve kontrol grubu i¢in farklilik géstermemistir.

Ogretimin Matematik Motivasyonu Uzerinde Etkisine Iliskin Elde Edilen
Bulgular

Aragtirmanin {i¢lincli alt problemi, deney ve kontrol gruplarinin Matematik Dersi
Motivasyon Olgeginden elde ettikleri puanlar arasinda anlamli bir fark olup olmadigint
belirlemeye yoneliktir. Karma ANOVA sonuglarina goére, zaman ana etkisinin
istatistiksel olarak anlamli olmadig1 belirlenmistir, F (1, 71) = .96, p > .05. Buna gore,
grup degiskeni ihmal edildiginde, ol¢lim zamanlarimin onemli Olgiide bir fark
gostermedigi sdylenebilir. Benzer sekilde, ANOVA sonuglarma gore grup ana
etkisinin istatistiksel olarak anlamli olmadigi belirlenmistir, F (1, 71) = .61, p > .05.
Elde edilen bu bulgu, 6l¢iim zamanlarinin ihmal edildigi durumda, gruplarin
matematik motivasyonu puanlar1 arasinda anlamli bir fark olmadigma isaret
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etmektedir. Ancak, ANOVA sonuglarina gore, 6l¢iim zamani ile grup etkilesiminin
istatistiksel olarak anlamli oldugu belirlenmistir, F (1, 71) = 8.99, p < .05. Elde edilen
etki biiyiikliigii i¢in n?= .11 oldugundan, bu etki orta diizey olarak smiflandirilabilir
(Cohen, 1988; Leech et al., 2008: p. 81). Bu sonug iki farkli 6l¢iim zamanindan elde
edilen matematik motivasyonuna iligkin puanlarin, deney ve kontrol grubu 6grencileri
icin farklilagtigin1 gostermektedir. Ortaya ¢ikan bu anlamli iligki, sontest puanlari,
Ontest puanlariyla karsilastirildiginda, deney grubunun matematik motivasyonu
puanlarinin kontrol grubundan istatistiksel olarak daha yiiksek oldugunu ortaya

koymaktadir.
Deney Grubu Ogrencilerinin Ogretim Hakkinda Gériisleri

Dordiincii arastirma sorusu, deney grubunda yer alan 6grencilerin uygulanan 6gretim
hakkindaki goriislerini incelemeyi amaglamaktadir. Bu amag¢ dogrultusunda,
goriismeler, sinif gozlemleri ve 6grenci giinliiklerinden elde edilen veriler tematik
analiz yontemiyle ¢coziimlenmistir. Tematik analiz sonuglarina gore iki ana kategori
belirlenmis olup, bu kategoriler Ozellikler ve Etkiler seklinde etiketlenmistir.
Ozellikler kategorisi altinda Matematik 6gretiminin ézellikleri ve Ogretmen ozellikleri
seklinde iki tema ortaya ¢ikmistir. Etkiler kategorisi altinda ise Motivasyonla ilgili
etkiler, Biligsel etkililige ydnelik etkiler ve Sosyal etkiler seklinde ii¢ tema

belirlenmistir. Belirlenen bu temalardan bazilar1 alt temalara ayrilmaktadir.
Ozellikler

Tematik analiz sonuglarina gore, deney grubunda uygulanan 6gretimin zorluk, agik
hedefler, aninda geribildirim, 6zerklik/kontrol hissi ve ilgi seklinde baz1 6zelliklere
sahip oldugu belirlenmistir. Bunlardan ilki olan zorluk hakkinda ortaya ¢ikan
bulgulara gore, derste yapilan etkinliklere iligkin zorluk diizeyinin genel olarak
ogrencilerin beceri diizeylerine uygun oldugu ifade edilmistir. Ogrenciler katildiklar1
etkinliklerin genel olarak orta diizeyde zorluga sahip oldugunu, bazilarinin daha fazla
zorlayici, bazilarinm ise daha kolay oldugunu belirtmislerdir. Ogrencilerden birinin

goriisme esnasinda verdigi yanit su sekildedir:

Matematik dersinde beni motive eden sey problemler, ve daha ¢ok zor,
zeka problemleridir. Ben zorlugu daha ¢ok seviyorum. Basitlerde hep
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isledigimiz seyler, ve daha ¢ok dnceden 6grendigimiz, yaptigimiz seyler.
Ama zor gorevlerle ugrasarak kendimi daha gok gelistiriyorum. (S2-Diisiik
Akademik Basarili Ogrenci-Goriisme)

Deney grubunda uygulanan 6gretimin bir diger 6zelligi, acik ve anlasilir hedeflere
sahip olmasidir. Nitel verilerden elde edilen bulgularda 6grencilerin derslerde yapilan
etkinliklerin ne amagla yapildigini, kendilerinden beklenen seyin ne oldugunu ve siireg
sonunda neyi Ogreneceklerini kolaylikla gorebildikleri belirlenmistir. Bu bulguyla

ilgili elde edilen baz1 6grenci goriisleri su sekildedir:

Dersin amacini, 6gretmenimizin anlattimiyla anliyordum. En basta o bize

neden bu etkinligi yaptigimiz1 agikliyordu. Etkinlige gegtigimizde zaten

orda da yaziyordu ne yapacagimiz, mesela “bir robot tasarlayin” seklinde.

Sonra, etkinlik kagidinda sekiller, resimler oluyordu, oradan anhyordum

amacimizin ne oldugunu. (87, Diisiik Akademik Basarih Ogrenci,

Gortisme)
Yapilan 6gretimde dikkat ¢eken bir diger 6zellik ise 6grencilere ihtiyag aninda agik ve
anlasilir geribildirim saglanmasidir. Deney grubunda yer alan Ogrenciler, ihtiyag
duyduklart zaman hem arkadaslarindan hem de Ogretmenden yardim talep
edebildiklerini ve yardim isteyen arkadaslarinin da bu taleplerini yerine getirdiklerini

ifade etmislerdir. Bu konuda siif gozlemlerinden elde edilen bazi bulgular su

sekildedir:

Ogretmen, gruplar aras1 smif tartismasi yapilirken, bir grubun verdigi
cevap lizerinden yola ¢ikarak ‘Arkadaglariizin bu yaniti hakkinda goris
belirtmek isteyen var m1?’ seklinde tiim sinifa sorular yonelterek, diger
Ogrencilerin verilen cevaplara geri bildirim vermesi, diizeltmeler yapmasi
i¢in olanak sagladi. (02, Gozlem)

Deney grubunda uygulanan gretimin sahip oldugu bir diger 6zellik, 6grencilere bu
derslerde kontrol veya dzerklik hissi saglantyor olmasidir. Ogrenciler kendi kararlarin
vermeleri, risk almaktan ve hata yapmaktan ¢ekinmemeleri konusunda tesvik edilmis,
gorislerini 6zgiir bir sekilde ifade edebilmislerdir. Bu konuyla ilgili elde edilen bazi

ifadeler su sekildedir:

Istedigimiz seyi yapabiliyorduk, mesela, dgretmenimiz bizi kisitlamiyor,
clinkii yanlis yaparsak bile kizmiyor, kisitlamiyor, ‘sakin yanlis yapmayin’
demiyordu. Bu yiizden kendimi ¢ogu zaman 6zgiir hissediyordum. (S10,
Orta Diizey Akademik Basarili Ogrenci, Gériisme)
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Son olarak, deney grubunda uygulanan Ogretim Ogrencilerin ilgisini ¢ekici bazi
ozelliklere sahiptir. Etkinliklerde kullanilan materyaller ve teknolojik ara¢ gerecler,
gercek yasamdan ornekler, fiziksel aktivite gibi unsurlar 6grencilerin derse daha fazla
ilgi gostermesini sagladigi belirlenmistir. Bu bulgular1 6rnekleyen bazi 6grenci

ifadeleri su sekildedir:

Derste yaptigimiz robot tasarimlari ve yelkenli tasarimlari benim g¢ok
ilgimi ¢ekiyor. Tasarim yaptigim, mithendislik gerektiren ¢aligmalarda ¢ok
egleniyorum. (S3, Yiiksek Diizey Akademik Basarili Ogrenci, Goriisme)

Ozellikler kategorisi altinda ele alnan diger tema, dgretmene atfedilen dzellikler
olarak belirlenmistir. Deney grubu o6grencileri 6gretimi gergeklestiren 6gretmenin
olumlu duygular1 destekleyen ve iyi bir 6gretim teknigi oldugunu belirten ifadeler
kullanmuslardir. Ogrenciler gerek goriismelerde gerekse giinliiklerde Ogretmen
Ozelliklerini hosgoriilli, sabirli, sevecen, eglenceli, 0grencilerini seven, ilgili ve
yardimsever gibi sozciiklerle tanimladiklar1 goriilmektedir. Yapilan gézlemlerden elde
edilen sonuglar da bu durumu desteklemektedir. Ogretmenin sahip oldugu olumlu

duygulara 6rnek olarak su ifadelere yer verilebilir:

Ogretmen dgrencilerle birebir ilgilenerek, anlamadiklar1 noktalar hakkinda
aciklamalar yapti. (O2, Gézlem)

Diger taraftan 6grenciler genel olarak 6gretmenin 6gretim teknigi ile ilgili iyi, etkili,
akici, giizel, keyifli gibi ifadelerle tanimlamislardir. Ogretmenin kullandig1 dgretim
tekniginin bu olumlu 6zelliklere sahip olmasi, onlarin matematik dersini eglenceli
bulmasini ve dgrenme igin hevesli olmalarmi saglamistir. Ogrenci giinliiklerinden elde

edilen bazi 6grenci ifadeleri su sekildedir:

Iyi ki bdyle iyi ve giizel 6gretmenim var. (")gretfnenimi cok seviyorum.
Ders ve konu anlatimi benim i¢in ¢ok iyi. (D20, Ogrenci Giinliigii)

Etkiler

Tematik analiz sonucunda deney grubunda uygulanan 6gretimin motivasyonla ilgili,

bilissel etkililige yonelik ve sosyal yonden etkileri oldugu belirlenmistir.
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Motivasyonel Etkiler

Yapilan 6gretim etkinliklerinin igsel ve dissal olmak iizere farkli motivasyon
unsurlarina etki ettigi goériilmektedir. I¢sel motivasyon alt temasina gore, deney
grubunda uygulanan 6gretimin 6grencilerin 6grenme etkinliklerine, etkinligin kendisi
cabamn artmasinda etkili oldugu belirlenmistir. Ogrenciler matematik derslerinde iyi
hissettikleri, eglendikleri ve mutlu olduklar1 i¢in katildiklarini belirtmislerdir.
Etkinlikleri yapmaktan keyif aldiklarini, bu nedenle matematik dersine severek
katildigin1 belirten d6grenciler, bu duygularini su sekilde ifade etmislerdir:
Etkinlik yaparken eglendigim igin bagka bir sey yapmak istemiyordum.

Daha ¢ok matematik 6grenmek istiyordum, daha ¢ok bilgi edinmek
istiyordum. (S10, Orta Diizey Akademik Basarili Ogrenci, Goriisme)

Icsel motivasyon alt temasiyla ilgili ortaya ¢ikan bir diger bulgu, deney grubunda
uygulanan 6gretimin 6grencilerin matematik 6grenme ¢abalarini artirmaya yardime1
oldugu seklindedir. Ogrenciler matematik karst daha fazla istekli olduklarm,

matematik 6grenme i¢in gosterdikleri ¢abanin arttigini su sekilde ifade etmektedirler:

Matematik dersi i¢in harcadigim ¢aba, bu etkinlikler sayesinde artt.
Eglendigifn icin evde daha fazla matematik ¢alistim. (S7, Diisiik Akademik
Basarili Ogrenci, Gériisme)

Digsal motivasyonla ilgili ortaya ¢ikan bulgularda ise, 6grencileri motive eden seylerin
matematik dersinden daha yiiksek not alma ve birinin takdirini kazanma seklinde ifade

edildigi belirlenmistir. Ogrencilerin bu alt tema ile ilgili 6rnek ifadeleri su sekildedir:
Beni motive eden seyler, siavlardan yiiksek puanlar almaktir. Ogretmenin

gbzline girmek de beni motive ederdi. (S3, Yiiksek Akademik Basaril
Osrenci, Goriisme)

Bilissel Etkililik Uzerine Etkiler
Deney grubunda uygulanan Ggretimin Ogrencilerin biligsel etkililigine yonelik
katkilar1 olduguna iliskin elde edilen sonuglara gore, Ogrencilerin matematik

konularini 6grenmelerinde, etkinlikler esnasinda yogun konsantrasyon ve odaklanma

saglayabilmelerinde ve yapilan etkinlik esnasinda 6grencilerin 6z-bilincini ve zaman
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algisin1 kaybetmesi seklinde tanimlanan dalma hissinin yasanmasinda etkisi oldugunu

ortaya koyan sonuglar elde edilmistir.

Bunlardan ilki olan 6grenme ile ilgili etkilere bakildiginda, deney grubunda uygulanan
Ogretim sayesinde Ogrencilerin matematigi eglenerek o6grendikleri ve etkili
ogrendikleri seklinde bulgulara ulasilmustir.  Ogrenciler, 6grenmeyle ilgili
deneyimlerini paylasirken eglenerek 6grendiklerini ifade etmislerdir. Gorligmelerden

ortaya ¢ikan bazi 6grenci ifadeleri su sekildedir:

Bu derslerde yaptigimiz etkinlikler sayesinde matematik diinyasinin ne
kadar eglenceli oldugunu gordiim. Yani matematigin eglenerek
yapilabilecegini gordiim. Matematigi eglenerek 6greniyorum. Matematik
derslerinde her zaman boyle etkinliklerle 6grenmeyi ¢ok isterdim, olsaydi
gergekten ¢ok glizel olurdu. Mesela matematigi kotii olanlar ona 6nyargil
bakiyorlar, 6nyargilar1 kalkip, matematigin eglenceli diinyas: oldugunu
goriirlerdi. (S9, Orta Diizey Akademik Basarili Ogrenci, Gériisme)

Ikincisi, dgrenciler uygulanan dgretimin etkili 6grenmede etkili oldugunu vurgulayan
ifadelerde bulunmuslardir. Baz1 6grenciler, uygulanan 6gretim etkinliklerinin kolay
O0grenmeyi sagladigini ifade ederken, bazilari ise konulart iyi anladiklarini, iyi
ogrendiklerini, kalici dgrendiklerini belirtmislerdir. Ogrencilerin goriismelerde ve

giinliiklerde dile getirdikleri baz1 diislinceleri su sekildedir:

Matematik dersinde yaptigimiz etkinlikler benim matematik 6grenme
istegimi c¢ok etkiledi. Ciinkii onlar1 yaparken bir yandan eglendik bir
yandan anladik, c¢ozerken eglendik. Bir yandan da o6grendiklerimiz
kafamizda kald1. (S1, Diisiik Akademik Basarili Ogrenci, Gériisme)

Bu hafta matematik dersinde agilar konusunu ¢ok iyi 6grendim. (D6,

Ogrenci Giinliigii)
Aynmi zamanda yapilan etkinlikler esnasinda bazi 6grencilerin grup arkadaslarinin
sahip oldugu hata ve kavram yanilgilarini gidermek i¢in yardimei oldugu goriilmiistiir.
Bunun en ¢arpici 6rnegi, dortgenlerle ilgili yapilan etkinlik esnasinda bir 6grencinin
yamuk ¢okgenini, giinliik hayatta kullanilan yamuk sozciigii ile karistirdigi goriilmiis,

grup arkadaglar1 bu 6grencinin yanilgisini diizeltmek i¢in agiklamada bulunmustur:

Ogrencilerin dortgenleri belirlerken &n bilgilerinden yararlandig goriildii.
Bu onbilgilerden bazilar1 hatali, kavram yanilgilari igeriyordu. Ornegin
yamuk kavramini giinlik dildeki yamuk sozciigiiniin anlami olarak
kullandiklar1 gézlendi. Grup igindeki arkadaslari tarafindan bunun dogru
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olamayacag1 sOylenerek tamimlarla ilgili birbirlerine geri bildirim
yaptiklari goriildi. (06, Gozlem)

Deney grubunda uygulanan 6gretimin, 6grenmenin etkili olmasini sagladigi diisiiniilen
bir diger bulgu ise &grenilenlerin transfer edilebilmesi ile ilgilidir. Ogrenciler bu
derslerde 6grendikleri bilgi ve becerileri hem matematigin diger konularinda ve hem
de farkli derslerde kullandiklarini ve bu sayede basarili olduklarini dile getirmislerdir.

Bazi 6grenciler bu durumu su sekilde aktarmiglardir:

Matematik dersindeki etkinlikler benim matematik 6grenme istegimi
etkiledi. Ciinkii matematikte 6grendiklerimizle diger derslerde daha
basarili olduk. (S1, Diisiik Akademik Basarili Ogrenci, Gériisme)

Tematik analiz sonucunda elde edilen bir diger sonuca gore uygulanan 6gretim deney
grubu ogrencilerinin yogun konsantrasyon saglamalar1 ve etkinliklere odaklanmalari
tizerinde etkili olmustur. Bu konuda elde edilen baz1 6grenci goriisleri ve gozlem

notlar1 su sekildir:

Derste  arkadaglarimin  sdylediklerini, yaptiklari  giiriiltiiyli  hig
duymuyordum. Ciinkii o anda yaptigimz etkinliklere ¢ok konsantre
oluyordum. (S5, Orta Diizey Akademik Basarili Ogrenci, Goriigme)

Gruplar tasarimlarini yapmaya basladiklarinda siniftaki ugultu sessizlige
dontistii ve Ogrencilerin tasarimlarina yogunlastiklart gézlendi. (O1,
Gozlem)

Elde edilen bir diger bulgu da deney grubunda uygulanan 6gretimin dgrencilerin
dalma hissini yasamalari {izerinde etkili oldugu seklindedir. Dalma hissi, Akis Kurami
literatiiriinde 6z-bilincin kaybolmasi ve zamanin hizli ge¢gmesi seklinde tanimlanan
kavramlar1 kapsamaktadir. Elde edilen bu bulgular1 6rnekleyen 6grenci ifadeleri su

sekilde verilmistir:

Etkinlik yaparken kendimi kaptirtyordum. Teneffiisii unutuyordum,
arkadaglarimi unutuyordum, elimdeki etkinlik kagidina daliyordum ve
sadece diisliniiyordum. Bazen derste oldugumu bile unutuyordum, ¢iinkii
¢ok odaklaniyordum mesela bir sey yaparken. (S7, Diisiik Akademik
Bagsarili Ogrenci, Goriisme)

Zamanin nasil aktigin1 anlayamadigim zamanlar oluyordu. Derste zaman

benim i¢in su gibi akip gidiyordu. Cok eglenceliydi. (S6, Yiiksek Akademik
Bagsarili Ogrenci, Goriisme)
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Sosyal Etkiler.

Tematik analiz sonucunda elde edilen bir diger bulgu, deney grubunda uygulanan
ogretimin sosyal etkilere de sahip oldugu seklindedir. Ancak elde edilen bulgular
sosyal etkilerin hem olumlu hem de olumsuz olarak ortaya ¢iktigin1 gostermektedir.
Olumlu sosyal etkiler alt temasinda isbirligi (f = 18) ve demokratik tutum (f =4) kodlar1
yer alirken, olumsuz sosyal etkiler altinda ise ¢atisma (f = 5), rekabet (f = 3) ve fiziksel

olanaklar (f = 5) ile ilgili kodlar bulunmaktadir.

Ik olarak, deney grubunda uygulanan dgretimin dgrencilerin isbirlikli ¢alismalarina
ve birbirlerinin dgrenmelerine olumlu anlamda etki ettigi belirlenmistir. Ogrenciler
hem sinif ortaminda hem de okul disinda sosyal medyay1 kullanarak etkinliklerle ilgili
fikirlerini paylastiklarini, birbirlerinin 6grenmesine katki sagladiklarin1 dile
getirmislerdir. Boylece 6grenciler arasinda etkilesim saglanmis ve 6grenciler isbirlikli

calismay1 6grendiklerini bildirmistir. Elde edilen baz1 6grenci goriisleri su sekildedir:

Matematik derslerinde iyi hissediyordum, arkadaglarimin destekleriyle,
birlikte takim galigmasiyla gittigimiz i¢in. Hem onlar beni rahatlatiyor hem
de ben onlar1 rahatlattyordum. Her sey benim iistiime degil, onlarin da
tstiine degildi. Yardimlasarak ilerliyorduk... (S7, Diisiik Akademik
Basarili Ogrenci, Goriisme)

Tematik analiz sonucunda ortaya ¢ikan bir diger olumlu sosyal etki dgrencilerin
demokratik tutumlarina iligkindir. Deney grubunda uygulanan 6gretimin 6grencilerin
esitlik ve demokrasi gibi kavramlarla ilgili algilarina katkida bulundugu belirlenmistir.
Ornegin gruplarin etkinlikler esnasinda tasarimlara nasil karar verdiklerini agiklarken

baz1 6grenciler fikirlerini su sekilde ifade etmistir:

Etkinlikler sirasinda herkes kendi fikrini kagida ¢iziyordu. Daha sonra biz
de kendi aramizda oy vererek anlagryorduk. Hepimiz bakiyorduk, herkes
tasarimlardan birini se¢iyordu. Sonug olarak birlikte karar veriyorduk. (S4-
Yiiksek Akademik Basaril Ogrenci, Goriisme)

Diger taraftan deney grubunda uygulanan gretim esnasinda o6zellikle grup icinde
farkli gorlislerden kaynaklanan fikir ayriligi/¢atismasi gibi durumlarin olabildigi
sonucuna ulagtlmistir. Ogrenciler etkinlikler esnasinda bazen goriis ayriliklar
yasadiklarini, baz1 6grencilerin kendi fikirlerini daha baskin gérmesi sonucu grup

tiyeleri arasinda miinakasalarin bile yasanabildigini aktarmislardir. Bu fikir catigsmalari
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ve miinakasalarin nedeni olarak Ornegin, gorevleri esit dagitamamak, birbirlerinin
goriiglerini dikkate almamak, grup calismasina yeterince katki saglamamak gibi
durumlar oldugu belirlenmistir. Ogrenciler bu durumlarla ilgili duygu ve diisiincelerini
su sekilde dile getirmistir:

Gorevimi yapamadigimda veya grubuma katki saglayamadigimda biraz

stres hissettim. Arkadaslarimin benim hakklfnda kot diistinmesinden
korktum. (S9- Orta Diizey Akademik Basarili Ogrenci, Gériigme)

Tematik analizin bir diger sonucu, Ogrencilerin etkinlikler sirasinda asir1 rekabet
duygusu yasamis olmalaridir. Rekabet¢i tutumun ¢ok fazla olmasinin dgrencilerin
etkinlik aninda asir1 heyecan ve hirs yasamalari, diger grup liyeleriyle zaman zaman
tartismalar1 ve paylasimlarinin azalmasi gibi sorunlara yol ac¢tig1 goriilmiistiir. Bazi
ogrenciler ise heyecanli ve yiiksek sesle yarismanin etkisiyle kontrolii kaybeden grup
iiyelerinden rahatsizlik duyduklarini dile getirmislerdir. Ornegin, goriisiilen kisilerden

biri duygularini su sekilde ifade etmistir:

Bazen arkadaslarim bagirdiginda kendimi kotii hissettim. Ciinkii onlar ‘biz
daha iyisini yapacagiz, daha hizli yapacagiz’ gibi asir1 hirsh olduklarinda
ben hicbir sey 6grenemiyordum. Bunu neden yapiyorlardi bilmiyorum ama
o anlarda sikiliyordum. Ayrica sesleri giderek yiikseliyordu, bu yiizden
sikiliyordum, ¢iinkii biz boyle seyler yapmiyorduk. (S1-Diisiik Akademik
Basarili Ogrenci, Goriisme)

Son olarak, smmif ortaminin kiiclik ancak Ogrencilerin kalabalik olmasi nedeniyle,
fiziksel olanaklarin sosyal boyut iizerinde olumsuz etkiye neden oldugu belirlenmistir.
Bu nedenle etkinlikler esnasinda 6grencilerin yiiksek seslerden dolay: birbirlerini
duyamama ve yetersiz oturma diizeni nedeniyle tahtay1r gérememe gibi sorunlar

yasanmistir. Bazi1 6grenciler diisiincelerini giinliiklerde su sekilde ifade etmislerdir:

Sinifimizda ¢ok ses oldugu igin biraz kafam karisiyor. Benim istedigim
sinifin biraz daha sessiz olmasi. (D20, Giinliik)

Nicel ve Nitel Bulgularin Ozeti

Birinci arastirma probleminde deney ve kontrol gruplarinin matematik basarisi ve
kalicilik puanlart arasinda fark olup olmadigi incelenmistir. Buna gore, sonuglar deney
grubunun kalicilik testi puanlarinin kontrol grubuna goére anlamli diizeyde yiiksek

oldugunu gostermistir. Nitel verilerden elde edilen bazi bulgular bu sonucu

296



desteklemektedir. Ogrenciler etkinlikler sayesinde matematigi daha iyi 6grendiklerini,
derste 6grendikleri konularin diger ders ve konular1 da 6grenmelerini kolaylastirdigini

belirtmislerdir.

Ikinci arastirma probleminde deney ve kontrol gruplarinin Akis, Sikilma ve Kaygi Alt
Boyutu puanlar1 arasinda fark olup olmadig1 incelenmistir. Sonuglar son testte deney
grubunun kontrol grubundan anlamli olarak daha ytiksek Akis alt boyutu puanlarina
sahip oldugunu gostermistir. Ayrica deney grubunda gerceklestirilen Ogretimin
Ogrencilerin akis deneyimlerini artirmada etkisi olurken, kontrol grubunda
gerceklestirilen Ogretimin Ogrencilerin akis deneyimlerinde anlamli bir etkisi
olmamuistir. Nitel verilerden elde edilen bulgulara gére hem motivasyonel etkiler hem
de biligsel etkililik tizerindeki etkiler temalarmin bu bulguyu destekledigi

goriilmektedir.

Deney grubunda uygulanan O6gretim Ogrencilerin Sikilma alt-boyutu son test
puanlarinda anlamli bir diislis saglarken, kontrol grubunda uygulanan Ogretimin
ogrencilerin sikilma puanlari lizerinde anlamli bir etkisi olmamistir. Ancak deney ve
kontrol gruplarinin sontest sikilma alt-boyutu puanlar1 deneysel islem sonrasinda
anlaml bir farklilik géstermemistir. Nitel verilerden elde edilen bulgulara gére deney
grubunda 6grenen Ogrencilerin bu derslere daha ¢ok keyif alarak katildiklari, derste

sikilmadiklari, aksine 6grenirken eglendikleri belirlenmistir.

Elde edilen sonuglara gore deney ve kontrol gruplarmin Kaygi alt boyutu son test
puanlarinin anlamh bir sekilde farklilagsmadigi belirlenmistir. Ayrica, her grubun 6n
test ve son test puanlari arasinda anlamli bir farklilik yoktur. Nitel verilerden elde
edilen bazi bulgular, deney grubunda 6grenen 6grencilerin kaygi ve stres gibi olumsuz
duygular yasamadiklarini, aksine derslere katilmaktan keyif aldiklarini ortaya
koymaktadir. Bu durum 0&grencilerin hem 0On testte hem de son testte kaygi

diizeylerinin diisiik oldugu bulgusunu desteklemektedir.

Uciincii  arastirma problemine iliskin sonuglar, deney grubunun Matematik

Motivasyonu sontest puanlarmin Ontest puanlarina goére, kontrol grubunun

puanlarindan anlamli olarak daha yiiksek oldugunu gostermistir. Nitel verilerden elde
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edilen bulgulara gore deney grubunda 6grenim goren dgrencilerin hem igsel hem de
digsal motivasyon deneyimlerine sahip olduklar1 belirlenmistir. Ogrencilerin
matematik dersine biiyiik bir istekle katildiklari, derse katilmaktan keyif aldiklari,
dersteki etkinliklere etkinligin kendisi i¢in (ototelik) katildiklar1 ve bu etkinlikler
sayesinde matematik Ogrenme c¢abalarmin arttigi belirlenmistir. Ayrica, igsel
motivasyon en sik gbze carpan alt tema olurken, dgrenciler ayrica 6gretimin dissal
motivasyonlar1 tizerinde etkisi oldugunu belirtmislerdir. Digsal motivasyonla ilgili bu
faktorler daha ¢ok birinin 6vgiisiinii kazanma ve yiiksek not alma beklentisi olarak

karsimiza ¢ikmaktadir.

Deney grubunda yiiriitilen ogretimle ilgili 6grencilerin goriislerini belirlemeye
yonelik olan dordiincii arastirma sorusuna iligkin bulgular, deney grubundaki
Ogrencilerin 6gretimle ilgili genel olarak olumlu goris, etki ve katki bildirdiklerini
gostermistir. Tematik analiz sonuglarina gore bulgular 6zellikler ve etkiler olmak tizere

iki ana kategori altinda ele alinmustir.

Tartisma ve Oneriler

Ogretimin Matematik Basaris1 ve Kalicihk Uzerindeki Etkisi

Deney grubu 6grencilerinin matematik kalicilik testi puanlar1 kontrol grubundan
anlamli olarak yiiksek bulunmustur. Ayrica deney grubunun matematik puanlari
sontestte Onteste kiyasla anlamli olarak farkli bulunmugstur. Elde edilen bu bulgularin
nedenleri olarak deney grubu 6grencilerinin daha fazla 6grenen 6zerkligine sahip
olmalari, ihtiya¢ duyduklar1 anda geribildirim alabilmeleri, isbirlikli 6grenme yoluyla
ogrenmeleri, etkinliklerin 6grencilerin ilgisini ¢ekecek yapida ve Gergekgi Matematik
Egitimi yaklasimi kullanilarak tasarlanmis olmasi sayilabilir. Ilgili alanyazin
incelendiginde Akis Kuram ilkelerinin uygulandigi 6gretim ortamlarinda bahsedilen
bu temel unsurlarin kullanilmasi sonucunda bu c¢alismanin bulgularmi destekleyen
sonuglar elde eden galismalara rastlamak miimkiindiir (Admiraal vd., 2011; Annetta,
vd., 2009; Bintas vd., 2003; Can, 2012; Demirdégen, 2007; Freudenthal, 1991; De
Lange, 1987; Gravemeijer, 1994; Kirchhoff, 2013).
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Ogretimin Akis, Sikilma ve Motivasyon Uzerindeki Etkisi

Bu calismadan elde edilen bulgulara gore, deney grubunda uygulanan o6gretim
ogrencilerin Akis, Sikilma ve Motivasyon puanlari iizerinde olumlu etkilere neden
olmustur. Deney ve kontrol gruplarinin son test Akis alt-boyutu puanlar1 arasinda
deney grubu lehine anlamli bir fark vardir. Ayrica deney grubu 6grencilerinin sontest
Akis alt-boyutu puanlar 6ntest puanlarina goére anlamli olarak daha yiiksektir. Diger
taraftan, deney grubu ogrencilerinin sontest Sikilma alt-boyutu puanlarinin Ontest
puanlarmma gore anlamli olarak daha diisiik oldugu belirlenmistir. Ayrica deney
grubunun sontest motivasyon puanlarinin 6n test puanlarina gore, kontrol grubundan

anlamli olarak daha yliksek oldugu belirlenmistir.

Ilgili alanyazinda bu bulgular1 hem destekleyen hem de ¢elisen sonuglara rastlamak
miimkiindiir (Alperer, 2005; Bourgeois, 2012; Chan ve Ahern, 1999; Engeser ve
Rheinberg, 2008; Esteban-Millat, vd., 2014; Heine, 1997; Inal ve Cagiltay, 2007; Latz,
2012; Middleton, 1995; Uzel, 2007; Rogatko, 2009; Santosa, 2015; Schweinle, Turner
ve Meyer, 2006; Zheng, 2012). Bu bulgularin elde edilmesinin ardinda yatan etmenler
deney grubunda 6grenci diizeyi ile etkinlik diizeyi arasindaki dengeye dikkat edilmis
olmasi, 6grenen Ozerkliginin ve kontrol hissinin G6grencilere saglanmasi, olumlu
duygularin tesvik edilmesi, 6grenenler arasi iligki ve etkilesimi saglayici etkinliklerin
kullanilmasi, 6grenenlerin ilgisini ¢ekecek Ogretim materyallerinden yararlanilmasi
sayilabilir (Egbert, 2003; Esteban-Millat vd., 2014; Hamari vd., 2016; Heine, 1997;
Inal ve Cagiltay, 2007; Huang vd., 2018; Keller ve Bless, 2008; Kiili, Freitas, Arnab
ve Lainema, 2012; Kirchhoff, 2013; Rha, Williams ve Heo, 2005; Rheinberg ve
Vollmeyer, 2003; Santosa, 2015; Schweinle vd., 2006; Sedighian, 1998; Weiss, 2015).

Ogretimin Kayg1 Uzerindeki Etkisi

Arastirmanin sonuglari, deney ve kontrol gruplarinin Kaygi alt-boyutu puanlar

arasinda anlamli bir fark olmadigini gdstermistir. Bu sonucun elde edilmesinde,

deneysel islemden 6nce de her iki grubunun diisiik diizeyde kaygiya sahip olmalari

etkili olmus olabilir. Baz1 ¢calismalardan elde edilen bulgular bu durumu destekler

niteliktedir (Franke ve Bogner, 2013). Kaygi durumu, yiiksek zorluk diizeyi ile diisiik

beceri diizeyinin karsilasmasi sonucu ortaya c¢ikar (Csikszentmihalyi, 1975;
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Csikszentmihalyi ve Nakamura, 1989; Whalen, 1997). Egbert (2003) 6grencilerin
akig1 yasayabilmeleri igin belirli bir diizeyde kaygi ve stresin olmasi gerektigini
belirtmektedir. Akis Kuramina gore kaygi duygusu, eylemlerin dogru yapilip
yapilmadigini diizenleyen bir mekanizma olarak islev goriir. Birey, eylemlerinin
kontroliinii hissederse iyi gittigini fark eder, oysa kaygiya kapilmasi1 durumun kotiiye
gittigini ve hemen diizeltmeler yapmasi gerektigini gosterir. Bireyin etkinlik sirasinda
aldig1 bu geri bildirim dongiisii sayesinde birey becerilerini gelistirme ihtiyac1 duyar

ve kaygi durumundan ¢ikarak tekrar akis kanalina girer (Csikszentmihalyi, 1975).
Deney Grubu Ogrencilerinin Ogretim Hakkinda Goriisleri Uzerine Tartisma

Tematik analiz sonucunda elde edilen verilere gore, deney grubu Ogrencileri
kendilerine uygulanan 6gretimle ilgili genel olarak olumlu goriisler bildirmislerdir.
Elde edilen veriler, alanyazinda Akis Kurami ve motivasyon ile ilgili yapilan
calismalardan elde edilen bulgulara paralel olarak, Ozellikler ve Etkiler seklinde
tanimlanan iki ana kategoride incelenmistir (Miles, 2012; Montanez, 2011; Once,
2020; Pearce, 2004). Calismada, 6grenci goriisleri matematik dgretiminin ozellikleri
ve Ogretimi gergeklestiren 6gretmenin 6zelliklerini igermektedir. Ayrica 6grenciler
kendilerine uygulanan 6gretimin bilissel, motivasyonel ve sosyal yonden bazi etkileri

oldugunu belirtmislerdir.
Oneriler
Uygulamaya Yonelik Oneriler

1. Akis Kurami, egitim aragtirmacilar1 ve matematik dégretmenleri tarafindan 5. sinif

matematik 6gretimine dahil edilebilir.

2. Ogretmenler dgrencilerin matematik dersine karsi motivasyonlarinin olmasi, derse
keyifle katilmalar1 ve eglenirken Ggrenmeleri i¢in matematik Ogretiminde Akis

Kurami ilkelerini kullanmalidir.

3. Ogrencilere ders sirasinda daha fazla kontrol ve ozerklik duygusu verilmeli ve

ogretmenler 6grenme ortamini kontrol edici degil, yonlendirici roliine sahip olmalidir.
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4. Ogretmenler, 6grencilerin dersle ilgili her tiirlii fikirlerini paylasabilecekleri bir
ortam saglamalidir. Boylece 0grencilerin yanlis cevaplart dogru 6grenmeler igin bir

firsata doniistiiriilmelidir.
5. Matematik 6gretimi miimkiin oldugunca 6grenciler arasi etkilesimi saglamalidir.

6. Matematik dersinde 6grencilerin biligsel becerileri kadar duyussal 6zelliklerine de
dikkat edilmelidir. Sinifta 6grenciler ve Ogretmen-0grenci etkilesimleri arasinda
olumlu duygular desteklenmelidir. Derecelendirmeye yonelik degerlendirmelerden ve
tehdit algis1 iceren ifadelerden kaginilmali, 6grenmenin 6nemli oldugu sicak ve

samimi bir ortam olusturulmaya ¢alisiimalidir.

7. Ogrenciler, ihtiya¢ duyduklarinda birbirlerinden ve dgretmenden yardim almaya
tesvik edilmeli ve cevaplar1 hakkinda onlara aninda ve bilgilendirici geri bildirim

saglanmalidir.

8. Ogrenme etkinlikleri, Ogrencilerin gelisimsel &zellikleri dikkate alinarak
ogrencilerin ilgisini ¢ekecek igeriklere sahip olmali ve gesitli ara¢ gereglerin (somut

materyal, teknoloji) kullanimin1 gerektirmelidir.

9. Matematik 6gretiminde kullanilan etkinliklerin zorluk diizeyi ile 6grencilerin

algiladiklar1 beceri diizeyi arasinda denge saglanmalidir.

10. Yukarida belirtilen bu oOzellikler, matematik o6gretiminde akademik basari,
motivasyon ve diger olumlu etkileri saglamak icin gerekli ancak yeterli degildir.
Bunlarin saglanabilmesi i¢in tiim akis 6zelliklerinin olabildigince birlikte ve biitiinsel

olarak kullanilmas1 gerekmektedir.
Gelecekte Yapilacak Olan Cahsmalara Yonelik Oneriler

1. Bu arastirma Izmir ili Bornova ilgesindeki devlet okullarindan birinde 6grenim
goren 5. smif dgrencileri (n =73) ile sinirhdir. Diger okul ortamlar1 ve daha biiyiik

orneklemlerle daha fazla deneysel ¢aligmalar yapilabilir.

2. Akis Kuramina dayal1 olarak gelistirilen matematik 6gretiminin basari, kalicilik,

motivasyon ve akis durumu {izerindeki etkilerini arastirmak ic¢in gelecekteki
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caligmalar ortaokul kademelerinin diger siniflart (6 - 8. siniflar) ile Dbirlikte

tasarlanabilir.

3. Akis Kurami'nin matematik derslerindeki etkilerini daha detayli incelemek i¢in daha
onceki smif diizeylerinden baglayarak boylamsal ¢alismalar planlanabilir, deney ve

kontrol gruplart arasinda karsilagtirmalar yapilabilir.

4. Bu calismada, MEB tarafindan Onerilen programda yer alan ve calismanin
yiiriitiildiigii haftalarda 6gretilmesi planlanan hedefler ve iiniteler ele alinmustir. ileride
yapilacak c¢alismalarda Akis Kuraminin etkileri farkli konu, {inite ve Ogrenme

¢iktilarinda incelenebilir.

5. Akis Kuramu, literatiirde motivasyon kurami olarak ele alindigindan, 6grencilerin
motive olmakta zorlandiklar1 diger derslerde (fen, yabanci dil vb.) akademik basar1 ve

motivasyon lizerindeki etkileri test edilebilir.

6. Literatiirde akis durumunun Onciilleri ve sonuglar1 hakkinda farkli bulgular vardir.
Bu onciillerin ve sonuglarin farkli varyasyonlari dikkate alinarak iliskisel ¢aligmalar

yapilabilir.

7. Bu galigmada Akig Kurami'nin ifade ettigi temel boyutlar olan akis, sikilma ve kaygi
ele alimmistir. Gelecekteki calismalarda farkli akis modellerinin (6rnegin Massimini

ve Carli, 1998) ortaya koydugu boyutlarin incelendigi tasarimlar kullanilabilir.

8. Caligmada kullanilan veri toplama araglarina ek olarak, ayni zaman diliminde ¢ok
sayida oOlglim gerektiren ve katilimcilarin anlik goriislerini ele alan Deneyim

Ornekleme Yé&ntemi gibi yontemler kullanilarak gelecekte ¢alismalar yapilabilir.

9. Bu calismada Akis Kurami ilkelerinin matematik 6gretiminde uygulanmasi i¢in
Gergek¢i Matematik Egitiminin  Onerdigi  O0gretim etkinligi tasarimlarindan
faydalanilmugtir. ileride yapilacak calismalarda farkli gretim yontem ve teknikleri
(oyun temelli, teknoloji destekli 6gretim vb.) Akis Kurami ilkeleri ile birlikte

kullanilarak 6gretim tasarimlari yapilabilir ve kuramin etkileri incelenebilir.

10. ileride yapilacak ¢alismalarda Akis Kuramu ile birlikte diger motivasyon kuramlari

(6rnegin Oz-Belirleme Kurami) dikkate alinarak daha kapsamli 6gretim tasarimlart
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yapilabilir. Bu 6gretim tasarimlarinin etkililigi, deneysel ¢alismalar yapilarak MEB

tarafindan Onerilen programla karsilagtirilabilir.

11. Calismadaki gruplar hali hazirda var olan smiflardan belirlendigi i¢in ¢alismada
rastgele atamanin kullanilmasi miimkiin olmamustir. Sonraki ¢alismalarda deneklerin

rastgele atanarak belirlendigi farkli caligmalar yapilabilir.

303



R. THESIS PERMISSION FORM / TEZ iZiN FORMU

ENSTITU / INSTITUTE

Fen Bilimleri Enstitiisii / Graduate School of Natural and Applied Sciences
Sosyal Bilimler Enstitiisii / Graduate School of Social Sciences
Uygulamali Matematik Enstitiisii / Graduate School of Applied Mathematics

Enformatik Enstitiisii / Graduate School of Informatics

OO 0d X O

Deniz Bilimleri Enstitlisii / Graduate School of Marine Sciences

YAZARIN / AUTHOR

Soyadi / Surname : Ay

Adi / Name : Yasin

Boliimii / Department  : Egitim Bilimleri, Egitim Programlari ve Ogretim / Educational Sciences,
Curriculum and Instruction

TEZIN ADI / TITLE OF THE THESIS (ingilizce / English): AKIS KURAMI ILKELERINE DAYALI GERGEKGI
MATEMATIK EGIiTiMi iLE ZENGINLESTIRILMiS MATEMATIK OGRETiMiNIN OGRENCILERIN BASARI,
KALICILIK, MOTIVASYON VE AKIS DURUMUNA ETKIiSi / THE EFFECT OF MATHEMATICS
INSTRUCTION BASED ON FLOW THEORY PRINCIPLES ENHANCED WITH REALISTIC MATHEMATICS
EDUCATION ON STUDENTS' ACHIEVEMENT, RETENTION, MOTIVATION AND FLOW STATE

TEZIN TURU / DEGREE:  Yiiksek Lisans / Master [ ] Doktora /PhD  [X]

1. Tezin tamami diinya ¢apinda erisime agilacaktir. / Release the entire
work immediately for access worldwide. =

2. Tez ikiyil siireyle erisime kapal olacaktir. / Secure the entire work for
patent and/or proprietary purposes for a period of two years. * ]

3. Tez alti ay siireyle erisime kapali olacaktir. / Secure the entire work for
period of six months. * []

* Enstitli Yonetim Kurulu kararinin basili kopyasi tezle birlikte kiitiiphaneye teslim edilecektir. /
A copy of the decision of the Institute Administrative Committee will be delivered to the library
together with the printed thesis.

Yazarin imzasi / Signature ........ccccceveevvveennenn. Tarih / Date ...cccovvvvvevveennnens
(Kitiiphaneye teslim ettiginiz tarih. Elle doldurulacaktir.)
(Library submission date. Please fill out by hand.)

Tezin son sayfasidir. / This is the last page of the thesis/dissertation.

304



