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ABSTRACT

THE EFFECTS OF USING CONTEXTUAL PROBLEMS AND
STUDENT CENTERED TEACHING EPISODES ON 10™ GRADE
STUDENTS’ ACHIEVEMENT, AND VIEWS AND PERCEPTIONS

IN THE SUBJECT OF TRIGONOMETRY |

This study aimed to develop and measure the effectiveness of an instruction
enriched with combination of contextual problems and student centered teaching
episodes with regard to the extent of change in students’ achievement in

trigonometry, and their views and perceptions about trigonometry.

In order to analyze the effectiveness of the developed instruction on
trigonometry achievement, and views and perceptions about trigonometry; a true
experimental design was implemented in an Anatolian High School in Istanbul with
the participation of 74 (Grade 10) students. 24 students received traditional
instruction (Group A), 26 students received an instruction enriched with only
contextual problems (Group B) and 24 students received an instruction enriched with
combination of contextual problems and student centered teaching episodes (Group
C). Data obtained (through Trigonometry Achievement Pretest, Trigonometry
Achievement Posttest, Views and Perceptions about Trigonometry Prequestionnaire,
Views and Perceptions about Trigonometry Postquestionnaire and interviews) from
the sample were analyzed to examine the effect of instruction enriched with

combination of contextual problems and student centered teaching episodes.

Kruscal Wallis Test was used in order to examine whether there is a
significant difference between groups’ trigonometry achievement after instructional
sequences. The results of the analysis indicated that the group who received

instruction enriched with combination of contextuat problems and student centered
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teaching episodes (Group C) performed significantly higher than the group who
received traditional instruction (Group A), the group who received instruction
enriched with contextual problems (Group B) performed significantly higher than the
group who received traditional instruction (Group A), but there was no statistically
significant difference between the group who received instruction enriched with
combination of contextual problems and student centered teaching episodes (Group
C) and the group who received instruction enriched with only contextual problems
(Group B) in terms of trigonometry achievement of students. As a result, a positive
effect of the instruction enriched with contextual problems on students’ trigonometry
achievement was found compared to traditional instruction. However, results implied
that instruction enriched with combination of contextual problems and additional
student cenfered teaching episodes may not have a significant positive effect in
improving trigonometry achievement compared to the instruction enriched with only

contextual problems.

Long term effects of instructional sequences on trigonometry achievement
among groups were also explored in the study. The nonparametric test of Kruscall
Wallis was used for the analysis of data and results indicated that there is significant
difference in terms of retention test scores between Group A and Group B, and Group
A and Group C. However, there is no significant difference between Group B and
Group C in terms of retention test results. This result was parallel with the results of
the immediate effects of instructional sequences on trigonometry achievement. As a
further analysis, Related Samples Wilcoxon Signed Ranks Test was also carried out
to compare retenfion test scores and posttest scores for each group. The results
indicated that there is permanance of the trigonometry achievement for Group A and
Group B, however there is no permanance of the trigonometry achievement in Group

C.

Views and perceptions about trigonometry after instructions were also
explored for each group. Descriptive analysis done on five questions asked before
interventions and six questions asked after interventions implied that instruction
enriched with combination of contextual problems and student centered teaching

episodes has positive effects on students’ views and perceptions about trigonometry
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compared to the traditional instruction and instruction enriched with only contextual
problems. The results also provided evidence on what students perceived to be most

interesting and meaningful about the instructions.
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OZET

BiR BAGLAM ICINDE SUNULAN PROBLEMLERIN VE
OGRENCI MERKEZLiI OGRETIM UYGULAMALARININ
KULLANIMININ 10. SINIF OGRENCILERININ
TRIGONOMETRI BASARISI VE TRIGONOMETRI
HAKKINDAKI GORUS VE ALGILARI UZERINDEKI ETKILERI

Bu ¢aligmada, bir baglam iginde sunulan problemler ve 6frenci merkezli
Ogretim uygulamalarimin  kombine edilmesi ile zenginlestirilmis bir. &gretim
uygulamas: (dersler dizisi) gelistirilmesi ve bu uygulamanin trigonometri basarisi ve
trigonometri hakkindaki goriis ve algilarin degisimi ve etkililiginin Slgtilmesi

amaglanmigtir.

Geligtirilen 6gretim uygulamasinin trigonometri bagarisi ve trigonometri
hakkindaki goriis ve algilar tizerindeki etkililiini analiz etmek igin, tam deneysel
arastirma deseni kullzim]mls ve g¢aligma Istanbul’daki bir Anadolu Lisesi’nde 74
(10.smntf) Ogrencinin katilimiyla gergeklestirilmigtir. 24 &grenciye geleneksel bir
Ggretim, 26 6frenciye sadece baglamsal problemlerle zenginlegtirilmis bir 6gretim ve
24 bgrenciye baglamsal problemler ve 6grenci merkezli dgretim uygulamalariyla
kombine edilerek zenginlestirilmis bir 6gretim uygulanmstir. Orneklemden elde
edilen veriler (Trigonometri Basar1 On Testi, Trigonometri Basari Son Testi,
Trigonometri Hakkinda Gériigler ve Algilar On Anketi, Trigonometri Hakkinda
Goriigler ve Algilar Son Anketi, Roportajlar), baglamsal problemler ve 6grenci
merkezli 6gl'etim uygulamalarinin kombine edilmesi ile zenginlestirilmis 8gretimin

etkisini aragtirmak igin analiz edilmistir.

Ders uygulamalarindan sonra gruplarin trigonometri bagaris: arasinda anlaml

bir fark olup olmadifini aragtirmak igin, Kruscal Wallis Testi kullamlmustir. Analiz
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sonuglari, baglamsal problemler ve Oprenci merkezli gretim uygulamalarimn
kombine edilmesi ile zenginlestirilmis ogretim almig olan grubun (Grup C),
~ geleneksel 6gretim almis olan gruptan (Grup A) anlamli derecede yiiksek performans
sergiledigi, sadece baglamsal problemler ile zenginlestirilmis dgretim almis olan
grubun (Grup B) geleneksel gretim almig olan gruptan (Grup A) anlamh derecede
yliksek performans sergiledipi, fakat baglamsal problemler ve 6grenci merkezli
dgretim uygulamalarinin kombine edilmesiyle ile zenginlegtirilmis gretim almig olan
grup (Grup C) ile sadece baglamsal problemler ile zenginleétirilmi$ Sgretim alan
grubun trigonometri bagarilar arasinda istatistiksel olarak anlamh bir fark olmadig
goriilmistiir. Sonug olarak, baglamsal problemler ile zenginlestirilmis Sgretimin
geleneksel gretime kiyasla daha olumlu bir etkisi oldugu gorillmistilr. Bununla
birlikte sonuglar, baglamsal problemler ve ilave Ofrenci merkezli Sgretim
uygulamalarimin kombine edilmesi ile zenginlestirilmis 6gretimin sadece baglamsal
problemlerle zenginlestirilmis 6gretime kiyasla trigonometri bagaris: iizerinde anlaml

bir olumlu etkisinin olmadifim gostermistir.

Bu ¢ahismada, ders uygulamalarimin gruplarin trigonometri basarisi iizerindeki
uzun siireli etkisi de aragtinlmigtir. Verilerin analizi igin Kruscal Wallis Testi
kullanilmig ve sonuglar Grup A ile Grup B ve Grup A ile Grup C arasinda kalicilik
testleri agisindan anlamli bir fark oldugunu gstermigtir. Bununla birlikte, Grup B ile
Grup C arasinda kahcilik testleri agisindan anlamli bir fark bulunmamstir. Bu sonug
ders uygulamalarimn trigonometri basarisina anlik etkilerinin sonuglar: ile paraleldir.
llave bir analiz olarak, her grubun kalicihk testi puanlar ve son test puanlarint
kargilagtumak igin “Iligkili Orneklemler I¢in Wilcoxon Isaretli Siralar Testi”
uygulanmistir. Sonuglar Grup A ve Grup B igin trigonometri bagarisinmn stirekliliginin

oldugunu, Grup C igin ise olmadigini géstermistir.

Her grup igin trigonometri hakkinda goriisler ve algilar da aragtirilmustir. Ders
uygulamalari éncesinde sorulan bes soru ve sonrasinda sorulan alti soru tizerinden
yapilan betimsel analiz; baglamsal problemler ve &frenci merkezli 6gretim
uygulamalarinin kombine edilmesi ile zenginlestirilmis ogretimin, geleneksel ve
sadece baglamsal problemlerle zenginlestirilimis Ogretimlere kiyasla &grencilerin

trigonometri hakkindaki goérily ve algilar1 lizerine pozitif etkileri oldugunu




gostermistir. Sonuglar ayrica 6grencilerin dgretimlerde neyi en ilging ve anlamh

bulduklarina dair kamit saglamigtir.
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1. INTRODUCTION

Mathematics is a difficult subject for most high school students. Students think of
mathematics as a difficult subject and have difficulty in understanding abstract concepts
such as angle measure and trigonometric ratios in a right triangle. Therefore, educators try
to develop strategies intented to increase the efficiency of understanding and required
skills. Making lessons relevant to real life and using instructional strategies might be the

two of the attempts to improve mathematics learning,

Using mathematical symbols is the main characteristic of mathematics lessons. A
board full of symbols is the first image that the students imagine when they think about
mathematics lessons. Most students think that mathematics is a lesson which includes only
numbers and equations. Nesin (as cited in Sertdz, 2003) says that mathematics is one of the
lessons which is generally perceived as an abstract lesson, but in fact it is born from the
‘concrete’. Every symbol in high school mathematics represents a concrete concept. For
example; ‘3” does not exist in the environment, it is not palpable but there are 3 women,
there are 3 pencils... ‘3’ is not an abstract concept but it represents a concrete concept ( as
cited in Sertéz, 2003). For example, two same questions may be asked in two different
ways as shown below:

i) 2x+y=10
x+2y=6 x=7 y=7
it) Two bottles of milk and a bottle of coke cost 10TL, one bottle of milk and two bottles of

cokes cost 6TL. So how much does each drink cost?

In the first question x is an abtract concept, but in the second question it is obvious
that it represents a concrete concept, a bottle of milk. However, many students think that
all mathematics subjects are abstract because of the traditional mathematics teaching
strategies.Making lessons related to real life may be one of the attemptsrfor letting students

to set relationships between abstract and concrete concepts.

In recent years, the popularity of making the lessons relevant to real life contexts

has been increased. In the last 15-20 years, serious and extended attention has been




devoted to everyday mathematics (Arcavi, 1998). Researches point out the urgency of
connecting school mathematics to the outside world (Gainsburg, 2007). Using real world
situations in classrooms leaves the doors open for the students for decision making,
experimental verification, conjecturing and even for construction of proofs (Gitven, 2007).
Realistic Mathematics Education (RME) is one of the popular theories which has

progressed significantly since 1971.

There are stages of cognitive development which every child will experience.
According to Piaget, the four stages are: sensorimotor - birth to 2 years; preoperational - 2
years to 7 years; concrete operational - 7 years to 11 years; and formal operational (abstract
thinking) - 11 years and up. Although every child passes through the stages in exactly the
same order, there is some variability in the ages at which children attain each stage (Evans,
1973). Piaget’s research indicated that symbolic representations have meanings for
students as old as 12 (Driscoll and Confrey, 1986). So, as it is obvious high school students
aged 14-17 are abstract thinkers and because of the variability of ages described above,
some of them may not become abstract thinkers yet. So, giving concrete problems related
to real life contexts may be more effective especially for those students. Concrete daily life
problems may be more influential for teaching higher level mathematical knowledge and

skills. In this way, a greater number of students may be engaged in mathematics learning.

Problems that include real life contexts that students come across during their
activities in their daily lives are rarely given to students especially in high school. On the
other hand, these kind of concrete problems are essential in mathematics education for
letting them to set relationships between concepts and understand why they are learning

mathematics.

Content of the mathematics books may be one of the reasons of the difficulty
students have in understanding abstract concepts. Many of the mathematics books are not
written to help students to understand mathematics. Sertéz says: “I have come across a
high school geometry book writing ‘this formula has to be memorized’. However, there is
nothing which should be memorized in mathematics. The writer wrote it, because he also
didn’t understand it.” (Sertdz, 2003, p18). So, because of such books and wrong teaching
techniques, students may not know where mathematics has been being used in life. They

may think that mathematics is a lesson which must be memorized, because they do not




know its real life application. However, relating the mathematics concepts with real life
may be possible in several mathematics subjects. Adding contextual problems in lessons
may help to take attention of the students, improve positive attitudes toward mathematics,

provide them to understand the concepts better and finally increase their achievement.

The purpose of this study is to investigate,
i) the stand alone effect of using-contextual problems.
and
ii) the combined effect of using contextual problems and étudent centered teaching
eptsodes
on 10"™ grade high school students’ achievement, and views and perceptions in the subject

of trigonometry.




2. REVIEW OF LITERATURE

Students have difficulty to conceptualize the abstract concepts such as types of
angles and trigonometric ratios in right triangles. There are not many researches on
teaching and learning of trigonometry (Delice & Monaghan, 2005). However, many
researchers emphasized the importance of connecﬁng mathematics lessons to real life. The
literature review will begin with a brief overview about importance of making real world
connections in mathematics classrooms in order to provide a general framework. Research
studies about trigonometry and student centered instruction will follow and it will continue
with two of the popular theories; Situated Learning and Realistic Mathematics Education

(RME), which has progressed significantly since 1971.

2.1. Importance of Making Real World Connections in Mathematics Classrooms

Many research studies pointed out the importance of connecting school
mathematics to the outside world. The K-12 mathematics education community is virtually
united on the importance of connecting classroom mathematics to the real world (Boaler,
1997). De Lange (as cited in Bishop et al, 1996) says that rcal-world connections are
expected to have many benefits, such as enhancing students’ understanding of
mathematical concepts and motivating mathematics learning. Real world connections help
students apply mathematics knowledge to real problems particularly those arising in the
workplace (National Research Council, 1998). Gainsburg (2008} says that the mathematics
education literature locates a range of practices for real-world connections: |

» simple analogies (e.g., relating negative numbers to subzero temperatures)

« classic “word problems” (e.g., “Two trains leave the same station...™)

» the analysis of real data (c.g., finding the mean and median heights of classmates)

» discussions of mathematics in society (e.g., media misuses of statistics to sway
public opinion)

» “hands-on” representations of mathematics concepts (e.g., models of regular solids,
dice)

» mathematical modeling of real phenomena (e.g., writing a formula to express

temperature as an approximate function of the day of the year).




Connecting school mathematics to the outside world is pointed out by many other
research studies. Hoyles (as cited in Gainsburg, 2008) says that studies document the
increasiﬁg importance of mathematical literacy in the modem workplace and the need for
workers to understand the meaning of their calculations in the context of work. Yet many

students fail to see the utility of mathematics.

Instead of learning skills in isolation, students learn mathematics in context where
they can see how it is applied in real situations. In this way they come to recognize the
importance of mathematics in their own lives. The connection between mathematics and
the real world is a strong one. Along with learning fundamental mathematics skills,
students learn to think logically, analyze data, make decisions and solve multifaceted
problems that arise out of real life situations. Students use the skills they are learning in

meaningful ways (Muschla and Muschla, 2006).

Teachers can make the problems more interesting by making it more concrete. For
example; the classoom may be used in order to help to calculate the diagonal of prism,
because the classroom is also a prism which has dimensions such as width, length and
height. This helps students to visualize the problem and learn in meaningful ways (Polya,
1997). Gravemelger (cited in Hadi et al., 2002) also says that teaching should begin with
activities that the child has already been doing in the environment. Saxe (1991) suggests
that the classroom practice should be constructed by using the characteristics of learning in

everyday settings.

Civil (2002) describes ‘everyday mathematics® as the “mathematics that occurs
outside of the school (p.42). The author also describes ‘academic mathematics’ as the
“mathematics as mathematicians do” such as exploring and representing mathematical
objects and relations, formulating, summarizing ideas, and providing generalizations
(p.43). Moschkovich (2002) provides an introduction to thinking about everyday and
academic mathematical practices by discussing two proposals for classrom practices, The
first proposal of Moschkovich would engage children in activities that parallel everyday
mathematical practices and involve problems similar to those that adults might face at
work or at home. The second proposal of the researcher would engage children in activites

that parallel mathematicians’ practices, thus involving students in exploring and




representing mathematical objects and relations, formulating and testing conjectures,
summarizing ideas, and providing generalizations (Moschkovich, 2002). Author also
points out that these two approaches are neither incompatible nor contradictionary and
proposes exploring the possibility of changing clasroom practices through a synthesis of

these two proposals.

Arcavi (2002) draws on examples from first hand experiences as a curriculum
developer and teacher educator in considering the pedagogical implications of bridging the
gap between everyday and academic mathematics. He emphasizes that ‘everydayness’
varies a great deal depending on people and contexts. In addition to everyday experiences,
he describes how contextualizing academic problems can increase the complexity and
depth of mathematics that students experience. He points out a mathematics teaching
innovation by proposing a combination of everyday mathematics and mathematicians’

mathematics.

Masingila (2002) investigates children’s views of mathematics and their use of
mathematics in everyday activities. For most of the children, counting, measuring and
designing were part of their activities. For those few who had a broader view of
mathematics, locating, playing, and explaining were also described as part of their
everyday mathematics activities (Masingila, 2002). Masingila’s view is that we need a
better understanding of how students perceive their use of mathematics outside the
mathematics classroom so that we can build on that mathematical knowledge by extending

and formalizing in the classroom.

Civil (2002) describes her experience in a teaching program that took children’s
-everyday activities as starting points for exploring mathematics from mathematician’s
perspective. Her data show successful moments of children’s engagements in mathematical
activity that has characteristics which are parallel to both mathematicians’ and everyday
mathematical practices. By contrast, she describes how fewer and fewer students seemed

engaged as the tasks became increasingly oriented to academic mathematics (Civil, 2002).

Moschkovich (2002) examined the mathematical activities in a middle-school
mathematics classroom during an architectural design project. He examined student

mathematical activities during assesments and compare mathematical activities by looking




at three instances of assesment activities during this project, design reviews, final
presentations, and classroom conversations. Overall, the design project shifted student
work in the clasroom from traditional activities such as paper and pencil exercise to design

and presentation activities.

Although the importance of connecting school mathematics to the real world is
recognized, little is known about how and how often it actually happens in classrooms.
American National Center for Education Statistics, the 1999 TIMSS Video Study found
that in the average gh grade mathematics lesson, only 9-27% of the problems used a real-
life situation in their set-up, in the six of the seven countries studied. The exception was the
Netherlands, by 42%. In Daley and Valde’s study about mathematics teaching in US
district which was conducted in 2006, the vast majority of teachers made little or no effort
to connect mathematics to students’ lives (as cited in Gainsburg, 2008). Indeed, many
teachers consider the real contexts of word problems irrelevant distractors. Pre-service
teachers tend to exclude real-world knowledge and considerations when solving word

problems and prefer nonrealistic approaches in others’ solutions (Gainsburg, 2008).

These research above suggests that real world connections are infrequent and
cursory in mathematics classrooms. The piciure, however, is limited by the small number
of studies, some of which examine only a narrow aspect of the phenomenon (e.g., word
problems) or pre-service teachers (Gainsburg, 2008). Gainsburg’s (2008) qualitative
research has important results about reflecting teachers’ views about making real life
connections in secondary mathematics classrooms and the factors that influence teachers’

use of connections.

Gainsburg (2008) surveyed 62 secondary mathematics teachers about their
understanding and use of real-world connections, their purposes for making connections in
teaching, and factors that support and constrain this practice. She also observed 5 teachers
making real-world connections in their classrooms and conducted follow-up interviews.
The results offer an initial portrayal of the use of real-world connections in secondary
mathematics classes and raise critical issues for more targeted research, particularly in the
area of teachers’ beliefs about how to help different kinds of students learn mathematics.

According to the qualitative data, secondary mathematics teachers count a wide range of




practices as real-world connections. Gainsburg’s study (Gainsburg, 2008, p.215) indicate
important results about teachers’ views:

¢ Teachers make connections frequently, but most are brief and many appear to require no action or
*thinking on the students’ part.

»  Standardized tests and externally mandated curricula sometimes suppress teachers’ use of real-world
connections, but most teachers do not blame them directly, These factors probably inhibit
connections indirectly via the tfime pressure imposed by content laden curriculum schedules that are
synchronized to external tests.

¢  Some teachers believe real world connections can prepare students for tests. Whether standardized
tests inspire or inhibit connections seem to depend on the content of the test and the time duration of
the connection.

+  When evaluating a real-world task for classroom use, teachers primarily consider the importance of
the mathematical topic and how real or familiar the context will be to students. The significance of
the context, authenticity of the mathematical task, and potential of the task to teach about the context
are far less relevant. These findings are consistent with the conclusion that teachers® main goal is to
impart mathematical concepts and skills, and that developing students’ ability and disposition to
recognize applications and solve real problems is lower priority.

»  Some teachers feel that students should master mathematical concepts and skills before connecting
them to the real world.

»  While some teachers value tasks that require critical thinking or promote literacy development, more
fear that complex, ill-structured, or language-intensive tasks will overwhelm students.

s  Teachers worry more about over-challenging students than under-challenging them.

Committee for Economic Development indicated that only 61% of American 12
graders agreed that mathematics is useful for solving problems in 2000, down from 73% in
1990 (as cited in Gainsburg, 2008). De Lange (as cited in Bishop et. al., 1996) stated that
the concem is international: initiatives in the Netherlands, Portugal, Australia, the US, and
Britain, among other countries have promoted application-oriented or context based

curricula.

Brenner (2002) describes four teachers’ implementation of an experimental unit
aimed at providing children with opportunities to use their informal and everyday
mathematical understanding and strategies as the foundations for algebraic thinking. She
examined how teachers and students responded to the use of everyday mathematics in a pre
algebra unit about choosing a pizza company for the school cafeteria. Four teachers and
their junior high school students were videotaped repeatedly as they spent a month
working on an experimental curriculum unit that emphasized realistic situations, open
ended problem solving, and multiple representations as the means for introducing basic
ideas about algebra. The students’ use of everyday mathematics was significantly affected
by how teachers introduced each lesson. Brenner’s analysis of teachers® effectiveness in
providing opportunities for their students to use everyday and informal knowledge leads to
an interesting set of results that opens up a new series of questions concerning teachers’

styles and students’ Jearning. The analysis carefully considers the importance of context,




describing wide variations among teachers in their implementation of the unit and the

kinds of activities students engaged in (Brenner, 2002).

Altun and his colleagues’ research (2004) about the way and frequency of using
high school mathematics textbooks indicated that 65% of the teachers have considered that
textbooks® way of presenting subjects is well. Other teachers stated that they are medium
or insufficient. In addition to this, teachers stated that textbooks must involve practice and
tests, examples in textbooks are stereotype, textbooks are understood only by themselves,
OSYS’s content has impaired high school mathematics education seriously (Altun et.al.,
2004).

A high school teacher conducted a study about contextualizing calculus concepts in
order to develop student understanding (Schwalbach, 2000). She provided students with
concrete examples from their physics class to give them contextually rich environment.
Students discovered connections between the physics concepts of position, velocity and
acceleration and the calculus concepts of function, derivative and antiderivative. The
qualitative study described several critical aspects of understanding: students’ ability to
explain concepts and procedures, to apply concepts in a physics context, and to explore
their own learning. It included 32 seniors at a large, urban, comprehensive, religious school
in a midwestern state. Samples of student work and reflections were collected by the
researcher. The researcher kept a reflective journal. The study indicated that making
connections between calculus and physics, namely contextualizing calculus concepts can

yield deep understandings of semantic as well as procedural knowledge.

According to the synthesis of studies reviewed in literature, it is clear that the
mathematics education community point out the importance of connecting school
mathematics to the real world. Many research studies emphasize the importance of using
real-world connections during the instructions. They mention that real world connections
help students apply mathematics to real problems, motivate mathematics learning and

increase their understanding of mathematical concepts.
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2.2.Research Studies about Teaching of Trigonometry

Research studies on teaching and learning of frigonometry are very new and
limited. As Delice and Monaghan (2005) states, there are not many research studies on
teaching and leaming of trigonometry. The review of literature about trigonometry

instruction will be summarized in this part.

Delice and Monaghan (2005) examined tool use in senior high school trigonometry
lessons in England and in Turkey in their comparative study. Besides tool use; curricula,
assessment, classroom practices and aspects of student performance were also examined in
the study. The study involved 55 English students, 65 Turkish students, 40 English and 65
Turkish teachers. It describes trigonometry in the two countries and student performance in
several tests.. According to the test results, Turkish students did better on symbolic tests
and English students did better on ‘real life’ problem solving. This educational
implications are drawn which include locating ethical questions in curricula change and

possible ramifications.

Thompson (2008) conducted a research at a public high school from the theoretical
framework of Realistic Mathematics Education. Three sections of precalculus started a unit
of trigonometry by modeling the motion of an animated Ferris wheel in The Geometer's
Sketchpad. The fourth section followed the design of the course textbook. Student
reflections were collected periodically throughout the unit. In addition, interviews were
conducted with students from the experimental and comparison classes. Students routinely
commented concerning the benefits of the unit being linked to a real life aﬁd the specific
benefits afforded for graphing trigonometric funlctions. The evidence showed the potential
power of a contextual realistic problem solving scenario as the instructional starting point
for a trigonometry unit of instruction. The Ferris wheel supported the concepts of
amplitude, period, and the general behavior of the graph increasing or decreasing through
various angles. The results showed that the students more than simply recognized these
connections while looking at the Ferris wheel. Since the context was the starting point, the
Ferris wheel supported students’ understanding of graphing trigonometic functions and
effectively using the unit circle by allowing them consider the animation as a model of

trigonometric function.
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Dogan (2001) examined the opinions of the high school students about the
trigonometry subjects in Konya. The districts of Konya were divided into three groups as
A, B and C according to their social and economical conditions. The multiple choice tests
developed by the researcher were applied to the 1316 tenth grade students in these districts.
The results showed that 21.89 % of the students like trigonometry subjects, 45.52 % of the
students do not like trigonometry subjects, 30.93 % of the students said that they do not
want to hear about trigonometry, 46.43 % of the students said that they do not want to
study on trigonometry, trigonometry subjects are not necessary for their daily life and it is
meaningless to learn trigonometry, 51.75 % of the students said that instructional materials
were not used in the lessons, 65.35 % of the students think that their will to learn
trigonometry were diminished since questions on trigonometry were not asked in
university entrance examination and 65.96% of the students think that leamning is easier
when the levels of students are almost same, Besides these results, it is also observed that
the students confuse the frigonometric conceptions and they have difficulty in solving
trigonometric problems. They make mistakes in problems including trigonometric
equations, identities, unit circle and trigonometric functions because of their
misconceptions. Students are more successful at the questions with geometrical shapes

which can be solved by using trigonometric formulas.

Quinlan conducted a lesson plan and reported his observations on the lesson which
the pupils were involved in a practical activity designed to introduce the tangent ratio and
demonstrate its utility in some real-life contexts (cited in Cavanagh, 2008). Quinlan
defined some general principles for introducing new mathematical concepts and ideas. The
author suggests an approach where concrete examples are considered before abstract
definitions are taught. The author says that teachers might begin by allowing students to
explore concrete examples of a concept before presenting its definition, and that the formal
terminology and symbolism associated with the concept might be introduced much later,

after students have developed a sound grasp of the basic ideas.

Tarhan (2007) examined the effect of trigonometry teaching by using the approach
of constructivism on 10™ grade students’ attitudes and success. The study group composed
of 50 students chosen randomly from an Anatolian High School in Denizli. The data used
in the research were collected through the ‘Success Test’ and the ‘Attitude Scale’

developed by the researcher. The prepared test was applied on both the experimental
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(n=25) and control group (n=25) students and t-test was applied on the obtained data. The
results showed that there was statistically no significant difference between the attitude
scores, pre and posttest scores of the students in the groups. Moreover, the experimental
group students were observed to be curious and motivated, however the control group
students were to be passive. As a result, although the statistical data does not show
significant difference, researcher’s observations show that the approach of constructivism

is more effective than the traditional methods used.

Stephens (1997) discussed a trigonometry lesson in which students are asked to be
energy conscious architects and design a window overhang that will block the midday
summer sun but allow plenty of sunlight in the winter. Stephens states that architects can
construct buildings by using trigonometry and emphasizes the importance of trigonometry
for the training of energy conscious architects. Stephens asked a problem to the achitecture
students which is about the design of a window overhang that controls the entry of
sunlight. As a clue, he gave the angle of sunlight through window in the longest day of the
summer and the shortest day of winter. Students in the classroom divided into groups. He
observed that some groups had difficulty in recalling the trigonometric formulas and some
groups had difficulty in applying the trigonometric formulas to the problem. However, he
stated that students coped with these difficulties by group work and his guiding. He also
observed that students developed positive perceptions towards trigonometry and
trigonometry achievement increased when the subjects were narrated with stories and the

groups were collaborated.

Ornek (2007) examined the effects of teaching trigonometry by using role playing
(dramatization) on mathematics achievement, permanence of the knowledge learned,
attitudes and anxiety towards mathematics. The study used a pretest-posttest design. The
study composed of 69 eighth grade students from a primary school in Istanbul. The groups
attending the research were applied a pretest, and mathematics attitude and anxiety scale
before the study. Within the study the experimental group were taught by using
dramatization method and the control group were taught by using traditional methods.
After the study, pretest was used as posttest and applied to the groups. Also, mathematics
attitude and anxiety scales were applied again. Eight weeks after the study, posttest was
applied as permanence test in order to see the permanence of the knowledge learned. The

findings showed that, there is a significant positive effect of using dramatization while
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teaching trigonometry to cighth grade students on mathematics achievement, permanence

of the knowledge learned and attitudes towards mathematics.

Bames (1999) emphasizes the importance of group work in the solution process of
trigonometric problems. She wanted each group to write a story related with the problem
and solve the problem like playing a game. She observed students’ participation and
interest towards trigonometry in this learning atmosphere. She wanted each group to

shorten the expression:

2.Cos(31).[Sin(2L).Cos(ty+Cos(2t). 41 —cos? (1) ] +1, 0<1 < 7°

into an expression with maximum ten characters. She told the story of super hero
Mcgyver’s escape from prison by using the solution of this problem. She wanted students
to write other stories about the problem, to think themselves instead of super hero Mcgyver
and find the solution that will help them to escape from the prison. She placed students in a
setting in which they use critical thinking skills, express their ideas verbally and have fun,
This assignment required the students to use some trigonometric identities as well as some
right friangte trigonometry. Barnes observed that every student joined to problem’s
solution process however they did not participate in the story writing process. She
observed that only one student wrote a story, other students did not participate in this
process. So, she said that she wanted every student to join to this process and write their
own story. She observed that students were more active after this warning. She suggests
that creative writing can help students overcome their fear of word problems while it might
seem unusual to think of creative writing in a math class. Barnes described a number of
successful math writing assignments in her study. She also stated that collaborative group

work increased the frigonometry achievement and students’ interest towards trigonometry.

Agag (2009) investigated the effect of the graphic calculating machine (GCM)
utilization by 10" grade class students in learning trigonometry on their academic
achievements and problem solving skills. The implementation continued for nearly five
weeks in a public school in Izmir. The study was conducted by using GCM in experimental
group (n=18) and without using GCM in confrol group (n=20). In the research, both

quantitative and qualitative data were collected. It is found out that there is no statistically




14

significant difference between the academic achievements of the experimental and control
group students who participated in the research. However, there is a significant difference
among the problem solving skills of the students. Moreover, the results show that there is
no significant difference according to the gender of the students who use GCM in learning
trigonometry when their problem solving skills are concerned. According to the results, the
benefits of the GCM utilization on the learning-teaching process are noteworthy. It
provides permanence of the knowledge and rapid data transfer, helps in solving the
problem by enabling cross-checks, ensures the materialization of the concepts in brains
with its visuality, gives the opportunity for timesaving, facilitates learning and prevents the
abstraction of interest and attention. It is stated that GCM utilization has no negative
effects in general. It is noted that especially some difficulties were experienced at the first
days of GCM utilization, however it is observed that opinions changed in time. The results
demonstrate that trigonometric function drawing, sine and cosine theorems were learned in
the best way by using GCM in trigonometry lessons. Most of the teachers and students said
that their academic achievements would increase due to the GCM utilization in leamning

trigonometry.

Kendal and Stacey (1997) reported the research study which compared the two
methods of teaching basic trigonometry named as Ratio Method and Unit Circle Method.
They wanted to see which one promotes better understanding of the underlying concepts
and mastery of skills in the subject of trigonometry. Both methods were outlined in more
detail in the study. The study composed of 178 tenth grade students. 90 students in four
classes were taught basic trigonometry by using the ratio method and the other 88 students
in four classes were taught by using the unit circle method. Two tests were administered
before and after the teaching. According to the results, students were better able to master
the skills required and came a greater improvement in attitude to the subject when ratio
method was used. The study showed that the teaching method, not the teacher, was the
dominant effect. Students of all ability levels performed better with the ratio method, but

the low ability students benefited the most,

Emlek (2007) examined the effect of computer aided teaching trigonometry by
using dynamic modelling on the academic achievements of the vocational and general high
schools’ students. The study consisted 128 students of high school and 112 students of

vocational school of higher education. The experimental and control groups were selected
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randomly. At the begining of the study, the pretest including 20 questions was applied to
the groups. The instructional materials and dynamic models for the computer aided
teaching trigonometry were designed and applied on the experimental group. The basic
concepts of the trigonometry were taught by the traditional method on the control group
during 3 weeks with 6 hours. Finally, the post test was applied to the groups. The data
obtained from the pre and posttests were evaluated using descriptive statistical methods.
Students’ opinions were also examined by the material evaluation form, In general, the
materials used in the experimental group were found interesting and inductive by the
students. The academic achievement of the experimental group was found higher than the

academic achievement of the control group.

Choi-Koh (2003) investigated the effect of a graphing calculator in trigonometry.
The purpose of the research was to investigate the nature of student's mathematical
thinking processes and behavior and describe the nature of difficulties the student
underwent in trigonometry as the student conducted independent explorations within the
interactive technology environment. Also, the research identified the connections among
muliiple representations, merits and shortcomings in using the graphing calculator, as a
tool. In order to identify students’ mathematical thinking processes and the nature of
difficulties in learning trigonometry, a case study was conducted as the method for
qualitative research. One 11" grader, Sung Min who attended at a college preparatory high
school in the suburb of Seoul, Korea, participated in the study. A take-based clinical
interview procedure by qualitative research methodology was used to provide an
opportunity to gain in-depth understanding of thinking processes in trigonometry,
cognitive actions, and his interactions with the graphing calculator. The researcher found
that the student moved hierarchically from operative stage, to constructive stage, then to
applicable stage in thinking processes. Multiple representations Sung Min used were
graphic representations, algebraic equations in correspondence to each graphic
representation, diagrams and tables. Free movement between multiple representations with
the relationships of correspondence facilitated Sung Min's visualization with dynamics and

was considered as the best merit in learning mathematics.

Filiz and her colleagues (1999) designed an instructional material for eighth grade
students in the subject of trigonometry. A scenario related with daily life was designed and

presented with using computer programmes (MATHEMATICA and Powerpoint). Student
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centered and scenario based teaching strategies provided students to work in groups and
collaborate. Open ended problems gave students the opportunity to discuss and express
their ideas easily. Positive effects of the instruction were observed at the end of students’
verbal comments. Filiz and her colleagues suggest that this study can have positive effects
on students’ attitudes towards trigonometry and can also be used by the educators. Students
can feel as if they are role players during the lessons when games and scenarios are used as
instructional methods. This innovative learning atmoshere may motivate students and let

them participate in trigonometry lessons.

Weber (2005) investigated students’ understanding of trigonometric functions in the
context of two college trigonometry courses. 30 students in the first course were taught by
a professor unaffiliated with the study in a lecture-based course, while the 40 students in
the second course were taught using an experimental instruction paradigm based on Gray
and Tall’s notion of concept and current process-object theories of learning. In Tall et al’s
theory, a student can go through three stages to understand a concept. The student first
learns how to apply an operation as a procedure, or as a step by step algorithm. At this
stage, the procedure is highly mechanical and may be relatively meaningless to the student.
In the second stage, if the student applies the procedure multiple times and is given the
opportunity to reflect upon it, he or she may come to view the procedure as a process, or a
meaningful method designed to accomplish a particular mathematical goal. In the last
stage, the student who understands an operation as a process can begin fo anticipate the
results of this process without applying each of its steps. Via interviews and a paper-and-
pencil test, Weber examined students’ understaﬂding of trigonometric functions for both
classes. The results indicate that the students who were taught in the lecture-based course
developed a very limited understanding of these functions. Students who received the

experimental instruction developed a deep understanding of trigonometric functions.

Orhun (2004) investigated the students’ mistakes and misconceptions in the subject
of trigonometry. The research included totaly 77 tenth grade students from a high school
and a science high school in Eskigehir. The research data were obtained from the exam
which consists of 15 questions. According to the findings, students’ mistakes are very
systematical. It was seen that trigonometry is only understood as relations between the

angle and the edges of a right triangle. For this reason, the students were successful on the
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questions concerned with angle and right triangle. The impression is that trigonometry is
generally taught via teacher centered method, memorizing the ready knowledge and
repeating them. So, students had difficulty to transfer the principles learned to new
situations. The main reason of students’ mistakes is due to teaching method. It was
observed that measuring the angle in degree caused contradiction to general definitions and
concepts in trigonometry. Orhun suggests that the measure of angle should be taught in
radian. Trigonometric functions should be taught by using their graphs because students
had difficulty in using these graphs. Orhun emphasizes that it is important to determine
possible misunderstandings of students in order to improve teaching methods in

trigonometry.

Research studies on teaching and learning 'of trigonometry were summarized in this
part. Some of the studies examined the effects of trigonometry teaching by using different
approaches on students’ performance, attitudes and success. Some of them conducted
lesson plans in the subject of frigonometry and reported the observations. Some of the
studies examined students’ opinions about trigonometry, understanding of trigonometric

concepts and mistakes and misconceptions in the subject of trigonometry.

2.3. Student Centered Instruction

The concept of student centered learning has been credited as early as 1905 to
Hayward and in 1956 to Dewey’s work. The term student centered learning was also
associated with the work of Piaget and more recently with Malcolm Knowles {O’Neill er
al., 2005). Rogers (1983) describes the shift in power from the expert teacher to the student
learner, emerged by a need for a change in the traditional environment whetre students are
passive, apathetic and bored. Simon highlighted that the concept of student centered
education has been derived from the idea that the teacher should act as a guide (cited in
O’Neill ef al., 2005).

Lea et al. (cited in O’Neill ef al., 2005) view that student centered learning involves
increased responsibility on the part of the student. They summarize some of the literature

on student centered learning to include the following principles:
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¢ the reliance on active rather than passive learning,

¢ an emphasis on deep learning and understanding,

¢ increased responsibility and accountability on the part of the student,

¢ increased sense of autonomy in the learner,

¢ an interdependence between teacher and learner,

o mutual respect within the learner teacher relationship,

¢ and a reflexive approach to the teaching and learning process on the part of both

teacher and learner.

In the traditional approach, the responsibility of communicating course material
resides primarily with the instructor (Felder, 1996). In student centered instruction, some
of this responsibility is shifted to the students. Leamner-centered teachers are quides,
facilitators, and designers of the learning experience (Weimer, 2002). Teacher's primary
functions are lecturing, designing assignments and tests, and grading; in student centered
instruction, the teacher still has these functions but also provides students with
opportunities to learn independently and from one another and coaches them in the skills
they need to do so effectively. In recent decades, the education literature has described a
wide variety of student centered instructional methods and offered countless
demonstrations that show student centered instruction leads to increased motivation to
learn, greater retentton of knowledge, deeper understanding, and more positive attitudes

toward the subject being taught (Felder, 1996).

Student centered instruction is a broad approach that includes such techniques as
substituting active learning experiences for lectures, holding students responsible for
material, assigning open-ended prbblems and problems requiring critical or creative
thinking, involving students in simulations and role-plays, assigning a variety of
unconventional writing exercises, and using self-paced and/or cooperative learning (Felder,
1996).

Active learning is generally defined as any instructional method that engages
students in the learning process (Bonwell & Eison, 1991). Active learning requires students
to do meaningful learning activities and think about what they are doing (Prince, 2004).
While this definition could include traditional activities such as homework, in practice

active learning refers to activities that are introduced into the classroom. The primary
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elements of active learning are student activity and engagement in the learning process
(Prince, 2004). Active learning is often contrasted to the traditional lecture where students

passively receive information from the teacher.

Collaborative learning can refer to any instructional method in which students work
together in small groups toward a common goal (Prince, 2004). As such, collaborative
learning can be viewed as encompassing all group-based instructional methods, including
cooperative learning (Millis & Cottell, 1998). In contrast, some authors distinguish
between collaborative and cooperative learning as having distinct historical developments
and different philosophical roots (Bruffee, 1995). The core element of collaborative
learning is the emphasis on student interactions rather than on learning as a solitary activity
{(Bruffee, 1995). Cooperative learning can be defined as a structured form of group work
where students pursue common goals while being assessed individually (Millis & Cottell,
1998). Johnson et. al. imply that the most common model of cooperative leaming
incorporates five specific tenets, which are individual accountability, mutual
interdependence, face to face promotive interaction, appropriate practice of interpersonal
skills, and regular self-assessment of team functioning (cited in Prince, 2004). While
different cooperative learning models exist, the core element held in common is a focus on

cooperative incentives rather than competition to promote learning (Prince, 2004).

Problem-based learning (PBL) is an instructional method where relevant problems
are introduced at the beginning of the instruction and used to provide the context and
motivation for the learning that follows (Prince, 2004). It is always active and usually (but
not necessarily) collaborative or cooperative using the above definitions. Problem-based
learning typically involves significant amounts of self-directed learning on the part of the
students (Prince, 2004). Wilkerson and Gijselaers (1996) outline the following key

principles in understanding and using PBL.:

» Problems serve as a stimulus for learning,

+ Problem-based learning is based on three important principles of learning:
i} Learning is a constructive and not a receptive process,
ii) Learning is associated with existing knowledge networks,

iii) Knowing about knowing (metacognition) affects learning,
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iv) Social and contextual factors influence learning, understanding how and
when to use knowledge is as important as the knowledge itself,

e Problems reflect real world situations or professional practice,

o Small group work encourages student collaboration and independence,

« Students learn to share their ideas and share responsibility,

« Students learn to question their own assumptions about their reality,

« Conflicting views as part of discussion facilitate understanding,

» Problem-based learning may not be suitable for all types of learning and topic areas,

» Educators must have confidence in the students that they will use their time wisely
and can be trusted to carry out the required tasks on time,

+ Problems are encountered before all relevant knowledge has been acquired, not after

it.

In the light of the literature review about student centered learning, student centered
education emerged by a need for a change in the traditional environment where students
are passive. Student centered learning is generally defined as any instructional method that
engages studenis in the learning process. The primary elements of student centered
learning are student activity and engagement in the learning process. Many research

studies emphasize that the teacher should act as a guide in the classroom.

2.4. Situated Learning

A model named situated learning proposing that learning is social and comes
largely from our experience of participating in daily life has emerged in the late 1980s and
early 1990s. Situated cognition, or situated learning, has made a significant impact on
education thinking since it was first proposed by Brown, Collin and Duguid (1989). They
proposed that knowledge is situated, being in part a product of the activity, context, and
culture in which it is developed and used. Work of some of the great educational thinkers
(such as Vygotsky, Leontiev, and Dewey) has provided the research base for the theory
(Herrington & Oliver, 1995). Resnick (1996) stated that situated learning is designed to
bridge the gap between the theoretical learning in the formal instruction of the classroom
and thé real-life application of the knowledge in the work environment. Lave and Wenger

(1991) emphasized the critical aspect of the situated learning model as the notion of the
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apprentice observing the ‘community of practice’. The ideas of Lave and Wenger excited
the interests of many of the thinkers and researchers at the time. Brown, Collins and
Duguid were the first ones to use the ideas to produce a proposal for a model of instruction
that has implications for classroom practice (Herrington & Oliver, 1995). The model arose
out of observation of successful learning situations by the researchers. They set out to find
examples of leaming in any context or culture which were effective, and to analyse the key
features of such models. They found examples of {raditional school subjects, such as
mathematics, reading, and writing, which were being taught in innovative and effective
ways, and other areas of instruction such as snow skiing, where learning time had
diminished from two years to two weeks as a result of instruction. An analysis of common
features found in all the successful models was a set of six critical factors: apprenticeship,

collaboration, reflection, coaching, multiple practice and articulation (McLellan, 1996).

In proposing their model of situated cognition, Brown, Collins and Duguid (as cited
in Herrington & Oliver, 1995) argued that meaningful learning will only take place if it is
integrated in the social and physical context within which it will be used. Formal learning
is often quite distinct from authentic activity, or ‘the ordinary practices’ of the culture.
Many of the activities undertaken by students are unrelated to the kind performed by
practitioners in their everyday work (Herrington & Oliver, 1995). In order to achieve
authenticity, they proposed the model of cognitive apprenticeship, a method designed to let
students participate in authentic practices through activity and social interaction, and based

on the successful and traditional apprenticeship model.

Lave and Wenger (1991) stated that social interaction is a critical component of
sitvated learning, learners become involved in a community of practice which embodies
certain beliefs and behaviors to be acquired. They also proposed that participation in a
culture of practice can be observation from the boundary or ‘legitimate peripheral
participation’. As learning and involvement in the culture increase, the participant moves
from the role of observer to fully functioning agent. Legitimate peripheral participation
enables the learner to progressively piece together the culture of the group and what it
means to be a member. Lave and Wenger (1991) emphasize the importance of legitimate

peripheral participation:
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To be able to partticipate in a legitimately peripheral way entails that newcomers have broad access
to arenas of mature practice (p.110).

Many of these authors emphasizing situated learning theory believe that useable
knowledge is best gained in learning environments. They emphasize the importance of
context and suggest learning is social and comes largely from our experience in daily life.
Their model of situated learning proposed that learning involved a process of engagement
in daily life. They argued that learning is a function of the activity, context and culture in
which it occurs. This contrasts with most classroom learning activities which involve

knowledge which is abstract and out of context.

According to the synthesis of studies about situated learning theory, the importance
of the following two principles have been recognized and the instructional sequences were

designed by making use of these principles:

¢ Knowledge needs to be presented in an authentic context, i.e., settings and

applications that would normally involve that knowledge.

» Learning requires social interaction and collaboration in a community.

2.5.  Realistic Mathematics Education (RME)

Realistic Mathematic Education (RME) is one of the popular theories which has
progressed significantly since 1971. In 1971, Freudenthal founded the IOWO (Instituut
Ontwikkeling Wiskundeonderwijs, Institute for Development of Mathematics Education) at
Utrecht University, that after his death was renamed Freudenthal Institute, and it is called
Freudenthal Institute for Science and Mathematics Education. The model of Realistic
Mathematics Education (RME) has been developed by the teams at the Freudenthal Institute at
the University of Utrecht {Zulkardi, 2004). Realistic Mathematics Education, or RME, is the
Dutch answer to the world wide need to reform the teaching and leaming of mathematics. The
results of the Third International Mathematics and Science Study (TIMMS) show that students

in the Netherlands gained high achievements in mathematics education ( Moffet, 2008).
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Amerom (cited in Mosvold, 2005) explains Hans Freudenthal’s perspective as

follows:

According to Hans Freudenthal, mathematics is a human activity and it was invented from the natural

environment. Freudenthal focused on the wusefulness of mathematics in school. If mathematics
education is intended for the majority of students, its main objective should be developing a
mathematical attitude towards problems in the learner’s every-day life. This can be achieved when
mathematics is taught as an activity, a human activity, instead of transmitting mathematics as a pre-
determined system constructed by others (p.59).

The events at the environment are mathematized (Altun,2000). A child can succeed
to use mathematical language if the convenient environment is provided. Altun says that
teaching mathematics should be environment centered. He also notes that every
mathematics subject can be taught beginning with a life problem, this situation makes
learning meaningful and also increases the motivation for learning. Gravemelger (cited in
Hadi er al., 2002) says that teaching should begin with activities that the child has already

been doing in his/her environment .

This model is based on the principle that students realize meaning in schoolwork
when they connect information with their own experience and RME demands that teachers
establish a link between children's own world and the world of mathematical ideas, From a
psychological perspective, this relates to Lave's theory of situated learning, which argues
that knowledge needs to be presented in an authentic context, unlike most classroom
learning activities which involve knowledge that is abstract or out of context (cited in
Zulkardi, 2004). In RME, learning mathematics means doing mathematics, of which
solving every day life problems (contextual problems) is an essential part. Other key
principles are that student should be given the opportunity to reinvent mathematical
concepts, and that the teaching-learning process be highly interactive (Fauzan, Slettenhaar,
Plomp, 2002)

Streefland (as cited in Zulkardi, 2004) identified five educational principles of
RME as follows:

1. The source of concept is the reality.

2. Pupils are given the oppertunity to be constructors and actively contribute to the learning process by
this involvement.
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3. The learning process must be interactive so that in the course of constructing knowledge from real
life situations, pupils discuss and collaborate when necessary.

4. Different lines of learning are entwined (e.g. fractions, ratio and proportion) so that both horizontal
and vertical “mathematization” can take place.

5. The various tools used in the process of coming to understand mathematics, symbols, diagrams and
visual models, should result from the need (p.9).

Van den Heuvel-Panhuizen (as cited in Moffet, 2008 ) expanded on these and
outlined the key aspects of RME:

It is realistic. The Dutch translation of ‘to imagine’ is ‘zich REALISEren.” So the term ‘realistic’
refers to situations which can be imagined. In the RME approach, a problem presented to pupils can
be based on a context from the real world but this is not always necessary; the fantasy world of fairy
tales and even the formal world of mathematics can offer other suitable contexts, provided they are

real in the pupil’s mind (p.5).

The RME problems, set in real world contexts, involves “mathematization”,
Freudenthal (1991) stated that horizontal mathematization involves going from the world
of life into the world of symbols, while vertical mathematization means moving within the
world of symbols. But he adds that the difference between these two types is not always
clear cut. Treffer (cited in Zulkardi, 2004) also defined horizontal and vertical
mathematization. He says that horizontal mathematics is the students’ discovery of

mathematical tools that can help to organize and solve a problem located in a real-life

situation. The following activities are examples of horizontal mathematics,

identifying or describing the specific mathematics in a general context,

schematizing, formulating and visualizing a problem in different ways,

discovering relations,

transfering a real world problem to a mathematical problem,

On the other hand, vertical mathematization is the process of reorganization within
the mathematical system itself and refers to a greater use of abstract strategies. The

following activities are examples of vertical mathematics,

+ representing a relation in a formula,
+ providing regularitics,

» refining and adjusting models,

+ using different models,

o formulating a mathematical model,
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generalizing.

RME and constructivism have some compatible characteristics. For instance, De

Lange (as cited in Zulkardi, 2004) says that RME encourages “guided reinvention”.

Reinvention also exists in constructivism. Smith (as cited in Mosvold, 2005) explains the

relationship between constructivism and reinvention:

The constructivist stance is that mathematicat understanding is not something that can be explained
to children, nor is it a property of objects or other aspects of the physical world. Instead, children
must “reinvent” mathematics, in situations analogous to those in which relevant aspects of
mathematics were invented or discovered in the first place. They must construct mathematics for
themselves, using the same mental tools and attitudes they employ to construct understanding of the

language they hear around them (p.57).

De Lange (Zulkardi, 2004) emphasizes that RME stresses understanding processes,

rather than learning algorithms. Students discover the mathematics for themselves, and so

multiple solutions are encouraged and valued. Zulkardi (2004) says that RME requires a

highly 'constructivist' approach to teaching, in which children are no longer seen as

receivers of knowledge but the makers of it, and the role of the teacher is that of a

facilitator. De Lange emphasizes the relationship between RME and constructivism; “RME

is only applied to mathematics education while constructivism is used in many subjects”
(as cited in Zulkardi, 2004, p.8).

As are the case to constructivism, the following conceptions are relevant to RME

(Sutarto, 2002):

Each learner brings his or her preconceptions to the educational experience. These preconceptions
are highly influential on subsequent iearning.

Learners possess a diverse set of alternative conceptions about mathematical ideas that influence
their future learning. _

Each learner actively constructs meaning. Learners acquire new knowledge by constructing it for
themselves.

Each learner is ready to share his or her personal meaning with others, and based on this negotiation
process, reconceptualizes the initial knowledge structures. The construction of knowledge is a
process of change that includes addition, creation, modification, refinement, restructuring, and
rejection.

Each learner takes responsibility for his or her learning. The new knowledge learners construct for
themselves has its origin in a diverse set of experiences.

Each learner is convinced that success in learning with understanding is possible. In other words, atl
students regardless of race, culture, and gender are capable of understanding and deing mathematics

(p.36).
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Gravenmeijer (cited in Zulkardi,2004) explains the role of the teacher in the
classroom as a facilitator, an organizer, a guide, and an evaluator. The role of the teacher

on the steps of the teaching-learning process based on the RME are:

¢ Giving the students a contextual problem that relate to the topic as the statting point,

e During interaction activity, giving the students a clue, guide the students individually or in a siall
group in case they need help.

¢ Stimulating the students to compare their solutions in a class discussion. The discussion refers to the
interpretation of the situation skeiched in the contextual problem and also focus on the adequacy and
efficiency of various solution procedures.

» Letting the students find their own solution. It means the students are free to make discoveries at
their own level, to build on their own experiental knowledge, and perform shortcuts at their own
pace.

s Giving another problem in the same context (p.6).

According to the synthesis of studies reviewed in literature, and implications of
Situated Learning Theory and Realistic Mathematics Education, two guiding principles

emerged to design instructional sequences for this study:

¢ using contextual problems to make instruction relevant to real life,

* using student centered episodes for active construction of meaning via discussion,

social interaction, collaboration, etc.

In light of the above studies, three instructional sequences were developed by the
researcher. Two instructional sequences included these two principles above in varying
degrees. Instructions were specified as ‘traditional’, ‘instruction enriched with only
contextual problems’ and ‘instruction enriched with combination of contextual problems
and student centered teaching episodes’. The effects of integrating contextual problems and
student centered episodes into the instruction on students’ trigonometry achivement, and

views and perceptions on trigonometry were examined in this study.
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3. SIGNIFICANCE OF THE STUDY

According to National Council of Teachers of Mathematics (2000), “...school
mathematics experiences at all levels should include opportunities to leamm about
mathematics by working on problems arising in contexts outside of mathematics. These

connections can be other subject areas and disciplines as well as to students’ daily lives...”

(0.65)

There are so many studies conducted emphasizing the importance of making real
life connections in mathematics lessons in the literature. Most of them offer a portrayal
about the use of real world connections in mathematics lessons. However, there are not
many studies offering an instructional sequence including contextual problems. As Delice
and Monaghan (2005) states, there are not many research studies on teaching and learning
of trigonometry. Instructional sequences including contextual problems were prepared
after a very intense period of literature review. So, instructional sequence can be used by
all the researchers even for different kinds of studies and by educators for educational

purposes.

This study aimed to investigate the stand alone effect of using contextual problems
and combined effect of using contextual problems and student centered teaching episodes
in teaching one of the subjects of mathematics, trigonometry. It is expected that the results

which were obtained from this study will have important implications for the educators.
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4.STATEMENT OF THE PROBLEM

The present study questions the effects of using different instructional sequences
which are developed by taking into account the main principles of Realistic Mathematics
Education and Situated Learning in different forms on students’ achievement in

trigonometry, and their views and perceptions about trigonometry.

4.1. Variables

The independent variable of the research is type of instruction. Dependent variables
of the study are the trigonometry achievement of students, and their views and perceptions
about trigonometry. Trigonometry achievement of students was assessed via the
Trigonometry Achievement Posttest developed by the researcher. Views and perceptions
about trigonometry were measured with a set of questions prepared by the researcher,

Detailed descriptions about measurement tools will be given in “Instruments’ section.

4.2, Research Questions

The research addresses the following questions about the immediate (just after the
instruction) and longterm (sometime after instruction) effects of contextual problems and
student centered episodes on achievement, and views and perceptions of 10™ grade

students in the subject of trigonometry,

e Research Question I: Is there any significant difference between trigonometry
achievement scores of students in Groups A, B, and C as measured by Trigonometry
Achievement Posttest which was administered immediately after the instructional

sequences?
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Is there any significant difference between trigonometry achievement scores of
students who received traditional instruction (Group A) and those of who received
an instruction enriched with only contextual problems (Group B) as measured by
Trigonometry Achievement Posttest which was administered immediately after the

instructional sequences?

ii) Is there any significant difference between trigonometry achievement scores of

students who received traditional instruction (Group A) and those of who received
an instruction enriched with combination of contextual problems and student
centered episodes (Group C) as measured by Trigonometry Achievement Posttest

which was administered immediately after the instructional sequences?

iii} Is there any significant difference between trignometry achievement scores of

students who received an instruction enriched with only contextual problems
(Group B) and those of who received an instruction enriched with combination of
contextual problems and student centered episodes (Group C) as measured by
Trigonometry Achievement Posttest which was administered immediately after the

instructional sequences?

Research Question 2: Is there any significant difference between trigonometry
achievement scores of students in Groups A, B, and C as measured by
Trigonometry Achievement Retention Test which was administered after 45 days

from the instructional sequences?

Is there any significant difference between trigonometry achievement scores of
students who received traditional instruction (Group A) and those of who received
an instruction enriched with only contextual problems (Group B) as measured by
Trigonometry Achievement Retention Test which was administered after 45 days

from the instructional sequences?

ii} Is there any significant difference between trigonometry achievement scores of

students who received traditional instruction (Group A) and those of who received

an instruction enriched with combination of contextual problems and student
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centered episodes (Group C) as measured by Trigonometry Achievement Retention

Test which was administered after 45 days from the instructional sequences?

iii) Is there any significant difference between trigonometry achievement scores of
students who received an instruction enriched with only contextual problems
(Group B) and those of who received an instruction enriched with combination of
contexfual problems and student centered episodes (Group C) as measured by
Trigonometry Achievement Retention Test which was administered after 45 days

from the instructional sequences?

* Research Question 3: Is there any change in terms of students’ positive views and

perceptions about trigonometry after instructional sequences in each group?

4.3. Statement of the Research Hypotheses

This study hypothesizes that there will be short term and long term differences in
terms of trigonometry achievement, and views and perceptions among the groups. More

specifically, it is hypothesized that:

1) There will be significant difference between trigonometry achievement scores of
students in Groups A, B, and C as measured by Trigonometry Achievement Posttest

which was administered immediately after the instructional sequences.

i) The group who received instruction enriched with only contextual problems (Group
B) will perform signiﬁéantly higher than the group who received traditional
instruction (Group A) as measured by Trigonometry Achievement Posttest which

was administered immediately after the instructional sequences.

iiy The group who received instruction enriched with combination of contextual
problems and student centered episodes (Group C) will perform significantly higher

than the group who received traditional instruction (Group A) as measured by
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Trigonometry Achievement Posttest which was administered immediately after the

instructional sequences.

iii) The group who received instruction enriched with combination of contextual
problems and student centered teaching episodes (Group C) will perform
significantly higher than the group who received instruction enriched with only
contextual problems (Group B) as measured by Trigonometry Achievement

Posttest which was administered immediately after the instructional sequences.

2) There will be significant difference between trigonometry achievement scores of
students in Groups A, B, and C as measured by Trigonometry Achievement
Retention Test which was administered after 45 days from the instructional

sequences.

i) The group who received instruction enriched with only contextual problems (Group
B) will perform significantly higher than the group who received traditional
instruction (Group A) as measured by Trigonometry Achievement Retention Test

which was administered after 45 days from the instructional sequences.

ii) The group who received instruction enriched with combination of contextual
problems and student centered episodes (Group C) will perform significantly higher
than the group who received traditional instruction (Group A) as measured by
Trigonometry Achievement Retention Test which was administered after 45 days

from the instructional sequences.

iii) The group who received instruction enriched with combination of contextual
problems and student centered teaching episodes (Group C) will perform
significantly higher than the group wﬁo reccived instruction enriched with only
contextual problems (Group B) as measured by Trigonometry Achievement
Retention Test which was administered after 45 days from the instructional

sequences.

3) There will be more increase in terms of students’ positive views and perceptions

about trigonometry after insfructional sequence in the group who received
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instruction enriched with combination of contextual problems and student centered

teaching episodes {(Group C) compared to other groups.
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5. METHOD

The present study compares the immediate and long-term effectiveness of the three
types of instruction (specified as traditional, instruction enriched with only contextual
problems and instruction enriched with combination of contextual problems and student
centered teaching episodes) with regard to the extent of change in students’ achievement in
trigonometry, and their views and perceptions about trigonometry. Students in each group
engaged in the lessons with different sequence of experiences. The instructional practices
for the Group B and Group C differed from the instructional practices for the Group A in
terms of using contextual problems. The instructional practices for the Group C differed
from the instructional practices for the Group B in terms of using student centered teaching
episodes. This study used a true experimental design with a pretest, a posttest and a
retention test. The beginning of the trigonometry unit was chosen as the subject of
instruction because it was more convenient to create contextual problems for this part of
the unit. Besides achievement pre and posttests, the researcher asked five questions before
the instructional sequences and six questions after the instructional sequences and wanted
the students to write their anwers in order to understand their views and perceptions about
trigonometry. Same six questions were asked verbally to six students from each group after
one week from the posttests and these interviews were recorded by a tape recorder. The
achievement posttest was aplied one more time to all groups after 45 days from the posttest
as “retention test” to investigate long term effects of instructional sequences on students’

achievement.

5.1. Subjects

Subjects in this study consisted of 74 tenth grade students from an Anatolian High
School, in Istanbul, There are 5 tenth grade classes in this school. The students were
assigned randomly to the classrooms by the school administration. Three of the classes
consisted of students whose specialized area is Science & Mathematics. The study was
conducted in Science & Mathematics classes because the students were assumed to have
similar mathematics background. Since the sample size of each class was lower than 30, a

nonparametric alternative of one-way ANOVA Test (Kruscal Wallis Test) was carried out
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to compare the average of the first, second and third examination scores for the previous
semester for these three Science & Mathematics classes to determine whether there is a
statistically significant difference between groups’ mathematics background. It was found
out that there is no statistically significant difference between the averages of the
examination scores for the previous semester (¥’(2)=0.772, p=0.680) for these three
classes. So, it is assumed that these three classes are similar in terms of their mathematics
background (see in part 6.1). Kruscal Wallis Test was also carried out to compare
Trigonometry Achievement Pretest scores of these three classes to determine whether there
is a statistically significant difference between groups’ trigonometry background. It was
found out that there is no statistically significant difference (y’(2)=1.674, p=0.433)
between the groups’ trigonometry background (see in part 6.1) also.

The number of the students in each classroom is 27, however there were 3 students
who were absent either during the application of pretest or posttest in Group A, 1 student
who was absent in Group B and 3 students who were absent in Group C. So, the number of
students decreased to 24 in Group A, 26 in Group B and 24 in Group C. There were 12
female and 12 male students in Group A,12 female and 14 male students in Group B, 9
female and 15 male students in Group C. All the students (n=24) in one classroom (Group
A) received traditional instruction, all the students (n=26) in the other classroom (Group B)
received instruction enriched with only contextual problems and all the students (n=24) in
the third classroom (Group C) received instruction enriched with combination of
contextual problems and student centered teaching episodes. The type of instructional

sequence to be applied was assigned randomly to each class.

5.2. Instructional Sequences

The instructional sequences were prepared and applied to three classes by the
researcher. The researcher is also the teacher in the school but not the mathematics teacher
of these three classes. However, the researcher taught during the instructions in three
classes by obtaining permission of the mathematics teachers of the classes and school

administration.
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Traditional instruction is the typical learning environment for most of the students.
In these environments, students may focus more on solving math problems without
developing a deeper understanding (Martin, Rivale & Diller, 2007). Teachers generally
assign problems and then solve them. There is very limited guidance, social interaction,
collaboration and discussion in traditional instruction as described above. First group
(Group A) received traditional instruction. Teacher presented the subject without making it
relevant to real life and using contextual problems. The problems did not consist of daily
life issues. Teacher showed the problems from the powerpoint slides and solved them
herself on the board. The students were not encouraged to share their ideas during the
problem solving process. There was almost no guidance, interaction and discussion during

lessons. Instruction took three lesson hours. Each lesson hour was forty five minutes.

In the instruction of the second group (Group B), teacher presented the subject by
giving emphasis to daily life connections of the subject of trigonometry, asked contextual
problems related to daily life issues and then solved them herself on the board. The only
difference of this instruction from the traditional instruction was the content and
characteristics of the problems asked. Instruction took three lesson hours. Each lesson

hour was forty five minutes.

In the instruction of the third group (Group C), teacher presented the subject by
giving emphasis to daily life connections of the subject of trigonometry, asked contextual
problems related to daily life issues and let the students solve the problems by themselves
by using discussion, cooperation and interaction. Students participated in the activities and
problem solving process during the instruction. Students actively constructed meaning in
this process. Teacher gave the students clues and guided them individually or in small
groups in case they need help. Teacher did not solve the problems directly, she let the
students find the answer on their own or by help of a peer. Students were free to make
conclusions, encouraged to construct their own knowledge. Instruction took four lesson
hours (an extra hour more than others) because of the time needed for discussions in the
class. The difference of this instruction from the instruction given to Group B was the
structure of the instruction depending on student centered episodes which RME and
Situated Learning perspective supports. The instruction was based on two main principles
synthesized from the sayings of RME and Situated Learning theories which might be

summarized as:
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¢ using contextual problems to make instruction relevant to real life,

¢ using student centered episodes for active construction of meaning via discussion,

social interaction, group work, etc.

Three different groups took three different instructional sequences. All of the
problems asked during the instructions were shown to students by the researcher by using
Powerpoint slides. Problems used in these three instructional sequences were developed by
the researcher by using many resources (e.g. Akpinar, 2000; Altuntag, 2009; Aydin, Asma,
2001 Brown, 1994; Cavdar, 2003; Derman, 2008; Giindiiz, 2004; Kaplan, 2009; Merril,

1983; Oztiirk, 2002). Contents of the instructional sequences in each group included:

¢ Type of angles (degree, radian and grad),
o Trigonometric ratios in a right triangle (sine, cosine, tangent, cotangent),

¢ Using trigonometric table,

Relations between trigonometric ratios.

Beginning of the trigonometry unit was chosen as the subject of instruction because

it was more convenient to create contextual problems for this part of the unit.

Objectives are already determined by the Turkish Ministry of National Education
for 10™ grade curriculum (Talim ve Terbiye Kurulu Baskanlig, 2009). Instructional

sequences were based on the following objectives:

¢ To be able to explain the concepts of angle and arc.

e To be able to explain the types of angles and convert measures of angles.

¢ To be able to explain the trigonometric ratios in a right triangle (sine, cosine, tangent,
cotangent).

¢ To be able to write the trigonometric ratios of special angles, 7

e To be able to find the trigonometric ratio of an angle by the help of trigonometric
table.

e To be able to state the relations between trigonometic ratios.
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Examples of the screens from the power-point slides used for each group can be seen

in the following pages.

Problem: A

78

270

Yukarndaki iggende
m(B)=90°, m(ACB)=27°,
|4B] = 78br olduguna gore |BC|="?

Figure 5.1. The screen representing the problem for Group A

Radar, gbnderdigi radyo dalgalanyla bir objenin yeri ve konumunu
belirleyen ayaittir.

: Telsiz, pusula, GPS (Glohal Posilioning System), altimetre, soner
gibi navigasyon amagh kullanihr. 1k olarak 1934’te Ingiliz General'in
Alman ugakianm vumak igin milhendislerden yer ve konum belideyen
bir alet istemesi {izerine icat edilmis ve dilnya askeri tarhinin yonini
sil baglan depistinmis ve yeniden yazmshr. Agapidaki iki  problem
radanin galiyma prensibini basit anlamda agiklamaktadsf:

Figure 5.2. The additional screen for Group B and Group C.
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- DBeniz | kennvmda 78wt
Jyiikseklikicki komrol kulesinde
bulunan’  bir  girevli, - bir
velleulinin yatayla apsin ender
ile 27° olarak W¢milgli.- Buna .
gire velkenlinin Kulenin tepesine

- wrkliF) kag,mtili -

Figure 5.3. The screen representing the contextual problem for Group B and Group C

Bir radarin ¢aligma prensibini biliyor musunuz?
Radari ilk kim ne zaman icat etmig?

Figure 5.4. The additional screen for Group C.

As seen in the Figure 5.1, for Group A, the problem was not contextualized as it is for
Group B and Group C ( Figure 5.2, Figure 5.3, Figure 5.4). Teacher asked and solved the
problem herself on the board for Group A. Students were not encouraged to share their

ideas, discuss or participate in a group work,
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In Group B, the same problem was contextualized. Information about radar
systems, and navigation tools was given before the solution of the contextual problem.
Teacher asked and solved the problem on the board. Students were not encouraged to say
their ideas, discuss or collaborate. The only difference of this application from Group A

was the content and characteristic of the problem.

In Group C, the problem was contextualized. Information about radar systems and
navigation tools were given and discussed before the solution process of the contextual
problem. Teacher did not solve the problem directly, she asked students’ ideas about the
solution process. She let the students solve the problem by themselves by using discussion,
| cooperation and interaction in small groups. Students participafed in problem solving
process during the instruction. She gave the students clues and guided them to use

trigonometric table in case they need help.

Bundan 2000 yil 6nce diinyanin

cevresinin hesaplandigim biliyor
musunuz?

Bunu nasil basarmig olabilirler?

Figure 5.5. The screen representing the introduction of ‘angle’ in Group C.




Aristhoteles’in fikiderinden de yararlanan
Eratosthones, diinyanin ¢evresini dlgmek igin su
2 varsayimdan yola cikmigtir:

+ Diinya yaklasik bir kilre bicimindedir,

h +  Glnes ginlan dlnyaya paralet dogrular
\-\' boyunca gelir,

1. BIrl Aswan (Syene) da digierl iskenderiye (Alexandria) de 2
gnomon (saat ve takvim hesabirxta kullanilan gubuk, sekllde
sani gubuk) yere dik konumda batinldi, 8u ¢ubuklar, sanal
olarak uzatildi@inda dUnyanin merkezinde keslgebllecektir.
Bunlarin belifledigl acinin dlgiisii derece tiirlinden a olsun.
2.Aswan ile Iskenderiye arasindakl uzakhk, o zamank] vzuntuk
tlgiisii olan “stad” kullanilarak $igiilmiistir. Bu uzakhk 5000
staddir.

3.Aswan'daki cubufjun gblgesl 0 derece oldufu {(glines 15inlan
Aswan'da yere dik geldifi) anda iskenderiye'deki glines
iginfanmin oradaki ¢uhukla 7,2 derecellk agi yaparak geldigi
dlgillerek belirlenmistir. Yani a=7,2 dereced|r.

Bunlardan sonvasi cok kolaydir.

7,2 derecelik aciya 500 stad = 800 km diisiiyorsa

360 derecellk agiya ? stad duser

Bu da yaklasik 46250 km eder.

Bu deger o zamanin sartlarina giire diinyanin
bugiinkii teknolojisiyle hesaplanmis 40024 km
ye olduksa yalan bir degerdir!

© 2000 [atychpas Bril oy, be.

Figure 5.6. The screen representing the introduction of ‘angle’ in Group B and C.
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The above information about the perimeter of the Earth was not given in Group A.

(1) 7.32 metre gapindaki yarnim ¢ember Ozerinde bulunan C ve D
agilann kiyaslayimz.

2) C ve D agilarinin radyan, derece va grad kargilgi nedir?

Figure 5.7. The screen representing the problem of ‘angle’ in Group A.
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1) 7.32 metre uzunlugundaki kalenin orta noktasindan, kale
uzunlugunun yans: uzakh@inda bulunan C ve D noktalarindan
hangisinde go! atma olasihg daha yiiksektir? (Kaleyi gérme
agtlarini kiyaslayiniz)

2) C ve D noktalarindan kaleyi gorme agilarinin radyan derece ve grad
kargihii nedir?

Figure 5.8. The screen representing the problem of ‘angle’ in Group B and Group C.

Worksheets, frigonometric table, protractor were used by the researcher in all
groups during the instructions. However, compass was only used in Group B and Group C.
The powerpoint slides and the flow of the instruction in three classes can be seen in

Appendices E, F and G.

5.3. Instruments
5.3.1. Achievement Tests

Pre, post and retention trigonometry achievement tests were used to collect data on
trigonometry achievement of students in this study. Tests were developed by the researcher
and administered to three groups. Pre and post tests, each, included 10 parallel questions
arranged to cover the objectives of subject determined by Ministry of Education (MEB).
Four of the questions consisted of daily life connecttons and six of them did not. Questions
of the pre and post tests were shown to the other five mathematics teachers in the school
who teach 10™ grade mathematics and two scholars from the university to check their
content validity. It was important that the questions cover the objectives determined by
MEB for 10" grade curriculum (Talim ve Terbiye Kurulu Bagkanligi, 2009) on the subject

of this study. Pretest was piloted with a 10" grade class which was not a class that will take
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the treatment in order to test it. It was noticed that students had difficulty in understanding
Question 3, Question 4 and Question 5. So, the wording of questions were modified and
some drawings were added to the questions in order to ensure understanding. It was also
noticed that it woud be better to provide more frec space in the test paper, so the number of
paper was increased to three. Posttest was also modified according to the results from pilot

study.

The final forms of pre and post tests (see in APPENDIX C and D) consisted of
questions about: _
» type of angles (Question 1 and Question 2),
e frigonometric ratios in a right triangle (Question 3, Question 4, Question 5 and
Question 6),
¢ using trigonometric table (Question 7 and Question 8 ),

» relations between trigonometric ratios {Question 9 and Question 10).

Rubrics were developed to score objectively the pre and post tests. The researcher
gave 3 points for the answer of the question if the student used trigonometry during the |
solution process and the result is right, 2 points if the student used trigometry during the
solution process and the result is partially true, 1 point if the student did not use
trigonometry during the solution process and the result is right, 0 points if the student did
not use trigonometry during the solution process and the result is wrong. The researcher
also gave 0 points if the solution space in the paper is blank. Maximum score to be taken

from the tests was 30 and minimum score was 0.

The posttest was aplied one more time to all groups after 45 days from the
instructional sequences as “retention test” and were scored by the researcher. To check
reliability of the posttest, Cronbach’s Alpha and test-retest reliability coefficients were
calculated. The internal consistency coefficient (Cronbach’s Alpha) of posttest was found
as 0.707 and test-retest correlation coefficient was found as 0.649. Another mathematics
teacher also evaluated 12 posttest papers of Group A, 13 posttest papers of Group B and 12
posttest papers of Group C, totally 37 papers by using the rubric developed by the
researcher, to check inter-scorer reliability. Posttest papers were selected randomly from

each group’s posttest papers. Inter-scorer reliability coefficient.was found as 0.994.
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5.3.2. Views and Perceptions about Trigonometry Questionnaires

The researcher asked five questions before instructional sequences and six
questions after instructional sequences and wanted the students to write their anwers in
order to understand their views and perceptions about trigonometry (See in Appendices A
and B). The sixth question asked after the instructional sequences aimed to understand
their perceptions about instructional sequences. Same six questions were asked by the
researcher verbally to six students from each group, totally 18 students, after two weeks
from the posttests and these interviews were recorded by a tape recorder. Six students in
each group were chosen according to their Trigonomefry Achievement Posttest scores.
Two students were the students who took the maximum scores, the other two of them were
the students who took minimum scores and the remaining two were the ones who took
average scores. To conclude, 18 students (6 from Group A, 6 from Group B, 6 from Group

C) were interviewed after the post test.

5.4. Design

The study aims to determine the relative effectiveness of three types of instruction
with regard to the extent of change in students’ achievement in trigonometry, and their
views and perceptions about trigonometry, In this study, the students were already
randomly assigned to the classrooms by the school administration. The type of
instructional sequence to be applied was assigned randomly to three groups. To qualify as
a true experimental design, at least random assignment must be involved (Gay, 1996). The
pretest-posttest control group design involves at least two groups, both of which are
formed by random assi gnmeﬁt; both groups are administered a pretest of the dependent
variable, one group receives a new, or unusual, treatment, and both groups are posttested.
Posttest scores are compared to determine the effectiveness of the treatment, The pretest-
posttest control group design may also be expanded to include any number of treatment
groups (Gay, 1996). Therefore the design of this study is “true experimental design” with a
pre and post test control group design with three groups. Table below summarizes the

design of the study.




Table 5.1. Design of the Study

Group PRE- INTERVENTION | POST- RETENTION
MEASUREMENTS MEASUREMENTS MEASUREMENT
Trigonometry Trigonometry
Achievement Pretest Achievement

Group A + Traditional Posttest Trigonometry

(n=24) Views and Instruction + Achievement
Perceptions Views and Retention Test
Prequestionnaire Perceptions
About Trigonometry Postquestionnaire

(5 Questions) Abont
Trigonometry
(6 Questions)
Trigonometry Trigonometry
Achievement Pretest Achievement
+ Instruction Posttest Trigonometry

Group B| Views and Enriched with + Achievement

(n=26) Perceptions Only Contextual Views and Retention Test
Prequestionnaire Problems Perceptions
About Trigonometry Postquestionnaire

(5 Questions) About
p Trigonometry
{6 Questions)
Trigonometry Trigonometry
Achievement Instruction Achievement
Pretest Enriched with Posttest Trigonometry
+ Combination of + Achievement

Group C| Views and Contextual Views and Retention Test

(n=24) Perceptions Problems and Perceptions
Prequestionnaire Student Postquestionnaire
About Centered About
Trigonometry Teaching Trigonometry

{5 Questions) Episodes (6 Questions)
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5.5, Procedure

Pre and post achievement tests were developed by the rescarcher to cover the main
concepts of the trigonometry at hand. Principles of Realistic Mathematics Education and
Sifuated Learning theories were taken into consideration during the development of lesson
plans of instructional sequences for Group B and Group C. Both of the instructional
sequences included contextualized problems. However, instructional sequence for Group C
depended on student centered teaching episodes. Lesson plan of instructional sequence for
Group A was prepared taken into consideration the aspects of traditional approach and did
not include contextualized problems. Pretest was piloted with a 10t grade class which was
not a class that will take the treatment in order to test it. Then, some modifications were
done in the pretest and posﬁest. All groups were administered 5 questions reflecting their
views and perceptions about trigonometry, and Trigonometry Achievement Pretest
including 10 queétions. Pretest covered the main concepts about trigonometry. The
completion of Trigonometry Achievement Pretest took 30 minutes, and Views and
Perceptions about Trigonometry Prequestionnaire took 15 minutes. After one day from the
pretests, groups received different instructions during three days. The type of instructional
sequence to be applied was assigned randomly to three classes. 10-B class was assigned as
Group A, 10-C class was assigned as Group B and 10-A class was assigned as Group C
randomly. Group A received traditional instruction, Group B received instruction enriched
with only contextual problems and Group C received instruction enriched with
combination of contextual problems and student centered teaching episodes. Group A and
B received three lessons, Group C received four lessons. Finally, all groups were
administered 6 questions reflecting their views and perceptions about trigonometry and
instructions and Trigonometry Achievement Posttest parallel to the pretest including 10
questions. Pretests were applied in one day (on monday), inferventions were applied in
three days (on tuesday, wednesday and thursday) and posttests were applied in one day (on
friday) of the last week of April 2010 in all classes. After two weeks from the posttest, six
questions (same with the ones in Views and Perceptions About Trigonometry
Postquestionnaire) were asked by the researcher verbally to six students from each group
and these interviews were recorded by tape recorder. 74 posttest papers were evaluated by
the researcher with a rubric developed by the researcher. 37 posttest papers (12 from

Group A, 13 from Group B and 12 from Group C) were also evaluated by another
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mathematics teacher. The posttest was re-administered as a retention test to all groups after

45 days from the posttest.

Prior to treatments, the three groups were compared in terms of students’ previous
semester mathematics exam scores’ average (three exams taken), and their Trigonometry
Achievement Pretest scores by using the nonparametric Kruscal Wallis Tests. Kruscal
Wallis Test was also used to compare the Trigonometry Achievement Posttest scores for

three groups in order to test the first hypothesis.

The nonparametric Kruscal Wallis Test was also cairied out in order to see whether
there is significant difference in terms of retention test results between the groups for
testing the second hypofhesis. As a further analysis, the nonparametric Related Samples
Wilcoxon Signed Ranks Test was carried out to compare retention test scores and posttest

scores for each group seperately.

In order to test the third hypothesis, analysis done on five questions asked before
infervention and six questions asked after interventions were also reported. Questions had

been prepared to reflect students’ views and perceptions about trigonometry.
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6. RESULTS

6.1. Data Analysis Prior to Instruction

Prior to treatments, the three groups were compared in terms of students’ previous
‘semester mathematics exam scores’ average (three exams taken), and their Trigonometry
Achievement Pretest scores. Throughout these analyses, the significance level was kept
0.05.

Students’ previous semester math exam scores’ average were compared using
Kruscal Wallis Test which is the nonparametric altemative of one-way analysis of
variance. ANOVA is a statistical data analysis technique that is used when the independent
variable groups are more than two (Buylkéztiirk, 2003). In ANOVA, we assume tﬁat
~ distribution of each group should be normally distributed. In Kruskal-Wallis Test, we do
not assume any assumption about the distribution. Kruscal Wallis Test is used to compare
three or more independent groups of sampled data (Biiylikoztink, 2003; Kalayc1,2008).
This test was preferred in data analyses, because the sample size for each group was lower
than 30 and main assumptions of ANOVA were not satisfied. Kruscal Wallis Test makes
no assumptions about the distribution of the data such as normality or equality of variance.
This test uses the ranks of the data rather than their raw values to calculate the statistics.

Tables show the test results.




Table 6.1. Average of the 1%, 2" and 3" Mathematics Examination

Scores of the Previous Semester for Group A, B and C

Report

Average of the 1., 2. and 3. Mathematics Examination
Scores of the Previous Semester

Group of the
Student Mean N Std. Devtation
A 47.90 24 18.14
B 43.86 26 16.97
c 45564 24 15.72
Total 45.72 74 16.82

Table 6.2. Mean ranks of the 1%, 2" and 3™ Mathematics Examination Scores of the

Previous Semester for Group A, B and C

Ranks

Group of

the Mean

Student N Rank
Average of the 1., A 24 40.48
2.and 3. B 26 35.19
Examination

C 24 37.02
Scores of the
Previous Total 74
Semester
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Table 6.3. Results of Kruscal Wallis Test in terms of mean ranks of the 1%, 2" and 3"

Mathematics Examination Scores of the Previous Semester

Test Statistics™”

Mean of the 1., 2, and 3,
Examination Scores of the

Previous Semester

Chi-Square 0.772
df 2
Asymp. Sig. 0.680

a. Kruscal Wallis Test

b. Grouping Variable: Group of the Student

As seen from the table, there is no significant difference among the three groups in
terms of their previous semester mathematics exam scores’ average (12(2)=0.772,

p=0.680). This means that these three classes are similar in terms of their mathematics
background.

Kruscal Wallis Test was also carried out to compare Trigonometry Achievement
Pretest scores of these three classes to determine whether there is a statistically significant

difference between groups’ trigonomeiry background. Tables below show the result of the

test.

Table 6.4. Mean ranks of the total scores of Trigonometry Achievement
Pretest for Group A, B and C

Ranks
Group of the Meary
Student N Rank
Total Score of the A 24 42,14
Pretest B 26 35.3].
C 24 35.2
Total 74
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~ Table 6.5. Results of Kruscal Wallis Test in terms of pretest scores between the groups

Test Statistics™®

Total Score of the Pretest

Chi-Square

1.674
df 2
Asymp. Sig. 0.433

a. Kruscal Wallis Test

b. Grouping Variable: Group of the Student

It was found out that there is no statistically significant difference between the groups
in terms of trigonometry background (x*(2)=1.674, p=0.433).

6.2, Data Analysis Done on the Hypotheses

In this part, data analysis done on the hypotheses were reported. Throughout these

analyses, the significance level was kept 0.05.

Table below shows descriptive statistics related to Trigonometry Achievement

Pretest and Posttest scores of three groups.

Table 6.6. Descriptive statistics related to pretest and posttest scores of the three groups.

Trigonometry
Groups | Achievement N Mean Std. Deviation
Test
Group A Pretest 24 6.71 242
Posttest 24 15.50 4.54
Group B Pretest 26 6.27 4,26
Posttest 26 20.19 4.40
Group C Pretest 24 6.54 5.15
Posttest 24 22,75 5.24
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As can be seen in Table 6.6., there is an increase in means of posttest scores of

students in all groups when compared to their pretest scores.

6.2.1. Hypothesis 1

Hypothesis 1: There will be significant difference between trigonometry achievement
scores of students in Group A, B, and C as measured by Trigonometry Achievement

Posttest which was administered immediately after the instructional sequences.

The group who received instruction enriched with only contextual problems (Group
B) will perform significantly higher than the group who received traditional
instruction (Group A) as measured by Trigonometry Achievement Posttest which

was administered immediately after the instructional sequences.

ii) The group who received instruction enriched with combination of contextual

problems and student centered episodes (Group C) will perform significantly higher
than the group who received traditional instruction (Group A) as measured by
Trigonometry Achievement Posttest which was administered immediately after the

instructonal sequences.

iil) The group who received instruction enriched with combination of contextual

problems and student centered teaching episodes (Group C) will perform
significantly higher than the group who received instruction entiched with oniy
contextual problems (Group B) as measured by Trigonometry Achievement Posttest

which was administered immediately after the instructional sequences.

In order to test the first hypothesis, the nonparametric Kruscal Wallis Test was

carried out to compare the mean ranks of Trigonometry Achievement Posttest scores for

three groups. With this testSnean ranks of students in terms of their posttest scores were

compared. Kruscal Wallis was carried out because the assumptions of parametric one-way

ANOVA were not satisfied. Tables below show the results of this analysis.
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Table 6.7. Mean ranks of Trigonometry Achievement Posttest scores for

Group A, B,and C
Ranks
Group of the Mean
Student N Rank
Total Score of the A 24 22.04
Posttest
B 26 39.35
C 24 50.96
Total 74

Table 6.8. Results of Kruscal Wallis Test in terms of posttest scores between the groups.

Test Statistics™”

Total Score of the Posttest

Chi-Square 22.073
df 2
Asymp. Sig. 0.000*

a. Kruscal Wallis Test

k. Grouping Variable: Group of the Student

It was found out that there is statistically significant difference between the mean
ranks of students’ Trigonometry Achievement Posttest scores in three groups (0.000<0.05).
Pairwise comparisons were done in order to compare the groups in pair as it is stated in

subhypotheses. Table below shows the pairwise comparisons of the groups.

Table 6.9. Pairwise comparisons for the posttest scores between groups

Test Std. Std. Test
Groups Statistics Error Statistics Sig. Adj. Sig.
B-A 17.304 6.076 2.848 0.004 0.013*
C-A 28.917 6.197 4.667 0.000 0.000%*
C-B 11.612 6.076 1.911 0.056 0.168
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According to the adjusted significance values (0.013<0.05 and 0.000<0.05), it was
found that there is a significant difference between Group B and Group A, and Group C
and Group A in terms of students’ Trigonometry Achievement Posttest scores’ mean ranks.
However, there is no significant difference between Group B and Group C in terms of

posttest scores’ ranks (0.168>0.05).

The results indicated that two of the three subhypotheses were supported. That is to
say the group who received instruction enriched with only contextual problems (Group B)
performed significantly higher than the group received traditional instruction (Group A) in
Trigonometry Achievement Postfest. Also, the group who received instruction enriched
with combination of contextual problems and student centered episodes (Group C)
performed significantly higher than the group who received traditional instruction {(Group
A) in Trigonometry Achievement Posttests, but there is no significant difference between
the group who received instruction enriched with combination of contextual problems and
student centered teaching episodes (Group C) and the group who received insruction
enriched with only contextual problems (Group B) in terms of posttest scores of students as
measured by Trigonometry Achievement Posttests. The results will be further discussed in

the conclusion and discussion section (Section 7).

Furthermore, Kruscal Wallis Test was done on the ranks of the differences between
Trigonometry Achievement Posttest scores and Trigonometry Achievement Pretest scores
(defined as learning gain} of students among three groups. It was also found out that there
is a statistically significant difference between the mean ranks of the differences between
posttest scores and pretest scores of students’ among three groups (x*(2)=26,060,
p=0.000). Pairwise comparisons were done in order to compare the groups in pair. The
results indicated that the group who received instruction enriched with only contextual
problems (Group B) showed more ‘learning gain® than the group who received traditional

_instruction (Group A) ( adj. sig. value 0.001<0.05). The group who received instruction
enriched with combination of contextual problems and student centered episodes (Group
C) showed more learning gain than the group who received traditional instruction (Group
A) (adj. sig. value 0.000<0,05), but there is no significant difference between the groups’
learning gains who received instruction enriched with combination of contextual problems
and student centered teaching episodes (Group C) and the group who received instruction

enriched with only contextual problems (Group B) (adj. sig. value 0.475>0.05). Results of
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the analysis done on the difference between Trigonometry Achievement Posttest and
Trigonometry Achievement Pretest scores (defined as learning gain above) supported the
results of the analysis done on the Trigonometry Achievement Posttest scores between the

groups.

6.2.2. Hypothesis 2

o Hypothesis 2: There will be significant difference between trigonometry
achicvement scores of students in Groups A, B, and C as measured by
Trigonometry Achievement Retention Test which was administered after 45 days

from the instructional sequences.

i} The group who received instruction enriched with only contextual problems (Group
B) will perform significantly higher than the group who received traditional
instruction (Group A) as measured by Trigonometry Achievement Retention Test

which was administered after 45 days from the instructional sequences.

ii) The group who received instruction enriched with combination of contextual
problems and student centered teaching episodes (Group C) will perform
significantly higher than the group who received traditional instruction (Group A)
as measured by Trigonometry Achievement Retention Test which was administered

after 45 days from the instructonal sequences.

iii) The group who received instruction enriched with combination of contextual
problems and student centered teaching episodes (Group C) will perform
significantly higher than the group who received instruction enriched with only
contextual problems (Group B) as measured by Trigonometry Achievement
Retention Test which was administered after 45 days from the instructional

sequences.

Table below shows the means and standard deviations of Trigonometry
Achievement Posttest and Trigonometry Achievement Retention Test scores of three

groups.
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Table 6.10. Descriptive statistics related to posttest and retention test scores of three

groups
Groups | Test N Mean Std.
Deviation
Group A Posttest 24 15.50 4.54
Retention 24 14.25 4.68
Test
Group B Posttest 26 20.19 4.40
Retention 26 19.50 4.53
Test
Group C Posttest 24 22,75 5.24
Retention 24 18.50 5.31
Test

There is a decrease in means of retention test scores of students when compared
with their posttest scores. The nonparametric Kruscal Wallis Test was carried out in order
to see whether there is significant difference in terms of retention test results between the

groups. Tables below show the results of this analysis.

Table 6.11. Mean ranks of Trigonometry Achievement Retention Test scores for Group A,

B,and C
Ranks
Group of the Mean
Student N Rank
A 24 24.92
Retfolal 8 26 45.65
c 24 41.25
Total 74
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Table 6.12. Results of Kruscal Wallis Test in terms of retention test scores between the

groups
Test Statistics™”
Rettotal
Chi-square 12.777
df 2
Asymp. Sig. 0.002*

a.Kruscal Wallis Test

b. Grouping Variable: Group of the Student

It was found out that there is statistically significant difference in terms of retention
test scores between the groups (x%(2)=12.77, p=0.002). Pairwise comparisons were done in
order to compare the groups in pair. Table in the next page shows the pairwise

comparisons of the groups.

Table 6.13. Pairwise comparisons for the retention test results between groups

Test Std. Std. Test _

Groups Statistics Error Statistics Sig. Adj. Sig.
C-A 16.33 6.18 2.64 0.008 0.025*
B-A 20.73 6.06 3.41 0.001 0.002*
C-B -4.40 6.06 -0.72 0.0468 1.000

According to the adjusted significance values, it was found out that there is
significant difference between Group A and Group B, and Group A and Group C
according to retention test scores. However, there is no significant difference between

Group B and Group C according to retention test scores.

As a further analysis, Related Samples Wilcoxon Signed Ranks Test was carried
out to compare retention test scores and posttest scores for each group seperately. Related
Samples Wilcoxon Signed Ranks Test is a non-parametric statistical hypothesis test for the
case of two related samples (Biiyiikoztiitk, 2003; Kalayc1,2008). It can be used as a non-

parametric alternative to the Related Samples t-test when the population cannot be
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assumed fo be normally distributed. Like the Related Samples t-test, the Wilcoxon test
involves comparisons of differences between measurements. In Related Samples Wilcoxon
Signed Ranks Test, the null hypothesis is that the median of differences between
observations is zero (Biiyilikéztiirk, 2003). This is different from the null hypothesis of the
{-test, which is that the mean of differences between observations is zero. The significance
level was set as 0.05. Tables below indicates the results of this analysis for each group one

by one.

Table 6.14. Related Samples Wilcoxon Signed Ranks Test for Group A

Null

Hypothesis Test Significance Decision

The median of

differences Related Samples

between retention Wilcoxon Signed 0.153 Retain the null
test scores and Ranks Test hypothesis
posttest scores

equals 0.

The above table shows that the null hypothesis which is the median of differences
between retenfion fest scores and posttest scores equals 0 could not be rejected for Group
A

Table 6.15. Ranks for Group A

Mean
N Rank Sum of Ranks
Posttest Scores- Negative Ranks 9° 8.28 74.50
Retention Test Scores Positive Ranks 12° 13.04 156.50
Ties 3¢
Total 24

a. Posttest Score < Retention Test Score
b. Posttest Score > Retention Test Score
¢. Posttest Score = Retention Test Score
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Table 6.16. Test Statistics® for Group A

Posttest Score- Retention Test Score
Z -1.4292
Asymp. Sign. ( 2-tailed) 0.153

a. Based on negative ranks
b. Wilcoxon Signed Ranks Test

According to the significance values, it was found that there is no significant
difference between retention test scores and posttest scores in Group A (Z=-1.429,
p=0.153). This means that there is permanance of the trigonometry achievement for Group
A. |

Table 6.17. Related Samples Wilcoxon Signed Ranks Test for Group B

Null

Hypothesis Test Significance Decision

The median of

differences Related Samples Retain the null
between Wilcoxon Signed 0.548 hypothesis
retention test Ranks Test

scores and

posttest scores

equals 0.

The above table shows that the null hypothesis which is the median of differences
between retention test scores and posttest scores equals 0 could not be rejected for Group
B.
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Table 6.18. Ranks for Group B

Mean Sum of
N Rank Ranks
Posttest Scores- Negative Ranks 8? 11.13 89.00
Retention Test Scores Positive Ranks 12° - 10.08 121.00
Ties 6°
Total 26

a. Post'test Score < Retention Test Score
b. Posttest Score > Retention Test Score
¢, Posttest Score = Retention Test Score

Table 6.19. Test Statistics® for Group B

Postlest Score- Retention Test Score
Z -0.600°
Asymp. Sign. ( 2-tailed) 0.548

a. Based on negative ranks
b. Wilcoxon Signed Ranks Test

There is no significant difference between retention fest scores and posttest scores
in Group B (Z=-0.600, p=0.548). This means that there is permanance of the trigonometry

achievement for Group B.

Table 6.20. Related Samples Wilcoxon Signed Ranks Test for Group C

Null Test Significance Decision
Hypothesis
'The median of
differences Related Samples Reject the null
between retention | Wilcoxon Signed 0.000* hypothesis
test scores and Ranks Test

posttest scores

equals 0.

The above table shows that the null hypothesis which is the median of differences

between retention test scores and posttest scores equals 0 was rejected for Group C.,




- Table 6.21. Ranks for Group C

Mean
N Rank Sum of Ranks
Posttest Scores- Negative Ranks 1? - 3.50 3.50
Retention Test Scores Positive Ranks 18° 10.36 186.50
Ties 5¢
Total 24

a. Posttest Score < Retention Test Score
b. Posttest Score > Retention Test Score
c. Posttest Score = Retention Test Score

Table 6.22. Test Statistics® for Group C

Postiest Score- Retention Test Score

Z

-3.686"

Asymp. Sign. ( 2-tailed)

(.000*

a. Based on negative ranks
b. Wilcoxon Signed Ranks Test
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There is a statistically significant difference between retention test scores and

posttest scores in Group C (Z=-3.686, p<0.001). This means that there is no permanance of

the trigonometry achievement in Group C.

To conclude, all these analysis show that there is permanance of the trigonometry

achievement for Groups A and B, however there is no permanance of the trigonometry

achievement in Group C. The results will be further discussed in the conclusion and

discussion section (Section 7).

6.2.3. Hypothesis 3

s Hypothesis 3: There will be more increase in terms of students’ positive views and

perceptions about trigonometry after instructional sequence in the group who

received instruction enriched with combination of contextual problems and student

centered teaching episodes (Group C) compared to other groups.
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Analysis done on five questions asked before infervention and six questions asked

after interventions were reported in this part. Questions had been prepared to reflect

students’ views and perceptions about trigonometry.

Table 6.23. Percentage of the students’ responses related to Question 1 and Question 2

Percent of the
students who gave
mathematically

sufficient answer in

Percent of the
students who gave
mathematically

sufficient answer in

Percent of the
students who gave
mathematically

sufficient answer in

Group A (%) Group B (%) Group C (%)
After The Before Aller The Before Alter The
imtervention | inlervention direction | intervenlion inter direction intervention | inlervention | direction
of vention of of
change change change
1 a} What do you
think when you
hear the word 80 T 70 97 T 63 92 T
“trigonometry”?
1 b) Can you
define
trigonometry 63 T 39 39 = 5 50 T
with your own ]
words?
2) What are the
daily life
application areas
of trigonometry? 42 47 97 30 100 T
Can you give a T T
few examples? '

When the percentages are considered as a whole there is an increase in the

percentage of mathematically sufficient answers for all groups except Group B for the

second part of the first question. The percent of the students who gave mathematically

sufficient answer before and after intervention is same for Group B for the second part of

the first question (39%). It is also obvious that Group B and Group C learned the daily life

application areas of trigonometry (97% and 100%), however Group A’s percentage is less

(42%).
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Mathematically sufficient answer for the first question includes words such as
radian, grad, degree, sine, cosine, tangent, cotangent, ratios of the sides of a right triangle,

relationship between angle and side, measurement by the help of triangle.. .etc.

For example a male student who took an average score from the posttest (student #
325) from Group C gave the mathematically sufficient answer to the first question. He also
explained his answer in the interview: “Mathematics, sine, cosine, tanget, cotangent, ratios.
Trigonometry is to be able to find the unknown distance by the help of trigonometric

ratios”,

Mathematically sufficient answer for the second question includes words such as
engineering, physics, construction sites, architecture, radar systems, submarine radars, GPS
{ Global Positioning Systems), navigation, mapping, aviation, marine, calculating Earth’s

perimeter, calculating distance, calculating pitch angle in construction of buildings,..ctc.

A male student who took a low score from the posttest (student # 113) from Group
A gave mathematically insufficient answer to the second question in the interview: “I do

not think it is used in daily life, I do not know.”

Another male student who took an average score from posttest (student # 112) from
Group A gave mathematically sufficient answer to second question in the interview: “1
guess it may be used in engineering and construction. | think it mostly interests engineers

and constructors.”

A female student who took an average score from the posttest (student # 214) from
Group B gave the mathematically sufficient answer to the second question. She explained
his answer in the interview: “Mapping, engineering, navigation, marine, radar systems,
aviation, airplanes, calculating the position of a submarine, calculating the height of the

flagpole”.

The researcher wondered how the student could remember so many things in spite
of passing of two weeks and asked: “How could you remember so many things?”. She
answered: “ Problems in the slides were nice and we saw them visually. I think that’s why

I did not forget them.”
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A male student who took a high score from the posttest (student # 320) from Group
C also gave the mathematically sufficient answer to the second question in the interview:
“Marine, radar systems, airplane radars, achitecture, measuring angles when constructing

buildings. We learned where it is used during our lessons,”

Table 6.24. Percentage of the students’ responses related to Question 3

Percent of the Percent of the Percent of the
students in Group A students in Group students in Group C
(%) B (%) (%)

Belore Afler Direclion | Before Afler Direction-| Before Aller Direclion

intervention | intervention | of intervention | intervention | of intervention | intervenlion | of

change change change

Trigonometry is
not interesting
when compared
fo other 25 | 17 23 | 19 13 | 17
mathematics
subjects.

Trigonometry is
a little
interesting
when compared | 95 25 19 19 21 17
to other
mathematics
subjects.

Trigonometry is
interesting
when compared
to other 33 21 23 | 30 50 | 13
mathematics
subjects.

Trigonometry
is very

interesting
when s |33 | T |1 |3 |1 | 8 | 4 1
compared to

other

mathematics
subjects.

When the percentages before and after interventions are compared for each group
there is an increase in the level of interest. Percent of the students who said that
frigonometry is very interesting when compared to other mathematics subjects after

interventions in each group is noteworthy. Group C (46%) has the highest percentage when
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compared with Group B (38%) and Group A (33%) in answering “it took my attention a
lot”.

One student who took a high score from the posttest (student # 104) from Group A
explained his level of interest in the interview: *“ I think trigonometry is a difficult subject
and difficult subjects attract my interest. Intervention was very simple, we had already
known the things we learned, from 8™ grade. It was good, it was like a reminder. It helped
us to remember our previous knowledge about trigonometry. It seems simple but I think it

will get more difficult in the next weeks.

A student who took a high score from the posttest (student # 220) from Group B
explained his level of interest in the interview: “Trigonometry is interesting because
problems consist of visual components. It is amusing, Our three lessons were very
interesting, related with daily life examples. Visual problems were very interesting, lessons
were very different from monotone mathematics lessons. I think they were very efficient, I

wish all the mathematics lessons were like them.”

A student who took an average score from the posttest (student # 309) from Group
C also explained his level of interest in the interview like that: “Trigonometry is more
interesting to me when compared to other mathematics subjects because it is related with
geometry. Visuality was also very interesting, I think I can solve trigonometry problems

better compared to other mathematics subjects’ problems.”
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Table 6.25. Percentage of the students’ answers related to Question 4

Percent of the Percent of the | Percent of the
students in Group students in Group | students in Group C
A (%) B (%) (o)
Before After Direction | Before Aler Direction | Before Afer Direction
imtervention | inlervenlion | of intervention | iniervention | of intervention | intervention | of
change change change
Trigonometry
is difficult
when compared 54 46 50 62 75 54
to other
mathematics
subjects.
Trigonometry
is not difficult
whon 33 % |1 35 | 35 | = | 21 | 42 | 1
compared to
other
mathematics
subjeets.

There is an increase in the percent of the students who think trigonometry is not
difficult when compared to other mathematics subjects after interventions in Group A
(33% to 46%) and Group C (21% to 42%). However, the percent did not change in Group
B (35%).
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Table 6.26. Percentage of the students’ responses related to Question 5

Percent of the
students in Group
A (%)

Percent of the
students in Group

B (%)

Percent of the
students in Group
C (%)

Before

intervention

After

intervention | of

Direction

change

Before

inlerveniion

Adler

intervenlion | of

Aller

intervengien

Direclion
of

change

Direction | Before
inlervention

change

Trigonometry
does not
frighten me
compared to
other
mathematics
subjects.

42

58 T

35

31

l 75 83 T

Trigonometry
frightens me
compared to
other
mathematics -
subjects.

54

29

58

54

25 17

There is an increase in the percent of students who say that trigonometry does not

frighten them compared to other mathematics subjects in all groups except Group B after

intervention. Group C has the highest percent in this question (83%).

Table 6.27. Percentage of the students who used positive expressions related to Question 6

Percent of the

students who used

Percent of the students who

used positive expressions in

Percent of the students who

used positive expressions in

positive expressions | Group B Group C
in Group A
41.666 80.769 70.833

Question 6 was:

“In what degree did the intervention effect you to understand trigonometry?”

There were so many different answers for this question. Some were including

negative expressions such as, “It did not affect me”, “It did not make sense”, “ I did not

understand why we did these lessons”, “It was boring”., However, some were including

positive expressions such as, “ I understood very well”, “It helped me to understand
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et 1 1

better”, “It affected me in good way”, “Visual problems were interesting”, “I understood

the main idea of trigonometry”, “It was amusing, I understood the lessons”...etc.

Group B has the highest percent of the students who used positive expressions
{(80.76%). However, Group A has the minimum percent of the students who used positive

expressions (41.66%).

Students also answered this question in the interview. Here are the answers of the
students from each group. A female student (student # 108) from Group A answered: “It
was good for the-beginning. Slides including types of angles were nice. It helped us to
remember our previous knowledge about trigonometry. However, same things could be

learned in shorter time.”

A male student (student # 227) from Group B answered: “We solved many visual
problems. Lighthouse problem and problem which we caiculated the position of submarine
were really very good. Playing with angles is amusing. Visuality made the lessons different
and enjoyable. In our previous mathematics lessons, we firstly learned the formulas and we
did not understand but in our lessons we firstly saw where and when trigonometry was
born. It really made me surprised to see how people used trigonometry two thousand years
ago when calculating Earth’s perimeter. Seeing that mathematics has a verbal component

besides numeric component made me delighted.”

A student (student # 321) from Group C answered: “We saw the main, basic
concepts of trigonometry. Converting angles, radian, degree, trigonometric ratios of the
most used angles of 30% 45°60°. We saw where they come from, how we find them,
Because, I think memorizing is not important, learning is the most important thing. The
lessons were different and enjoyable. 1 had been thinking that trigonometry was an
ordinary mathematics subject but 1 saw that it is used in many things like calculating
Earth’s perimeter, radars, astronomy. I did not know that. It really made me interested.

Astronomy already attracts my interest always. I said ‘woow it is used in that area!’.”
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7. DISCUSSION AND CONCLUSION

This study aims to clarify the effects of three types of instruction defined as
traditional, instruction enriched with only contextual problems and instruction enriched
with combination of contextual problems and student centered teaching episedes in a true
experimental design. Effects of instruction were measured by examining students’
trigonometry achivement, and views and perceptions about trigonometry and how much
they can recall what they have learned. 74 tenth grade students participated in this study
and they were assigned into three groups. Students in all groups engaged in the lessons
with different sequence of experiences. Group A received traditional instruction, Group B
received instruction enriched with only contextual problems and Group C received
instruction enriched with combination of contextual probiems and student centered
teaching episodes. Group A included 24, Group B included 26 and Group C included 24

students,

The design of the research was true experimental design with pretest, posttest and
retention test. First, all three groups were administered 5 questions reflecting their views
and perceptions about trigonometry and an achievement pretest including 10 questions.
Pretest covered the main concepts about trigonometry. After one day from the pretest,
groups received different instructions during three days. The type of instructional sequence
to be applied was assigned randomly to three classes. Group A received traditional
instruction, Group B received instruction enriched with only contextual problems and
Group C received instruction enriched with combination of contextual problems and
student centered teaching episodes. The instructional practices for the Group B and Group
C differed from the instructional practices for the Group A in terms of the use of contextual
problems. Group A and B received three lessons, Group C received four lessons. Finally,
all groups were administered 6 questions reflecting their views and perceptions about
trigonometry and an achievement posttest parallel to the pretest including 10 questions.
Pretests were applied in one day, interventions were applied in three days and posttests
were applied in one day of the same week in all groups. After two wecks from the posttest,
six questions which were same with the ones asked before posttest were asked by the

researcher verbally to six students from each group and these interviews were recorded by
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a tape recorder. The posttest was re-administered as a retention test to all groups after 45

days from the posttest.

First of all, whether all participants were similar in terms of their mathematics and
trigonometry background was addressed. Three groups were compared using Kruscal
Wallis Test in terms of students’ previous semester mathematics exam scores’ average, and
their pretest scores on trigonometry subject. It was found that there was no significant
difference among the three groups in terms of their previous semester mathematics exam
scores’ average and Trigonometry Achievement Pretest scorc;,s. These findings showed that
these three classes are similar in terms of their background in mathematics and

frigonometry. This was an important information for the group comparisons,

The study further questioned differences in trigonometry achievement between the
three groups. To test Hypothesis 1, Kruscal Wallis Test was used in order to examine
whether there is a significant difference between three groups® trigonometry achievement
scores. The results of the analysis showed that there is a statistically significant difference
between the mean ranks of students’ posttest scores in three groups (x2(2)=22.073,
p=0.000). In other words, there is a significant difference in trigonometry achievement of
the three groups. Pairwise comparisons were done in order to compare the groups in pair.
According to the adjusted significance values {0.013<0.05 and 0.000<0.05), it was found
that there is significant difference between Group B and Group A, and Group C and Group
A respectively in terms of trigonometry achievement. However, there is no significant
difference between Group B and Group C in terms of trigonometry achievement
{0.168>0.05). This means that, the group who received instruction enriched with
combination of contextual problems and student centered episodes (Group C) performed
significantly higher than the group who received fraditional instruction (Group A); the
group who received instruction enriched with only contextual problems (Group B)
performed significantly higher than the group who received traditional instruction (Group
A); but there is no significant difference between the group who received instruction
enriched with combination of contextual problems and student centered teaching episodes
(Group C) and the group who received instruction enriched with only contextual problems
(Group B) in terms of trigonometry achievement of students, That is to say that the
Hypothesis (1,1} and (1,ii) were supported but Hypothesis (1,1ii) was not supported. Both
Group B and Group C performed higher compared to Group A. Both of the instructions of
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Group C and Group B included contextual problems. As a result, it may be considered as a
positive effect of the instruction enriched with contextual problems on students’
trigonometry achievement was found compared to traditional instruction. This result
supports the statement of National Council of Teachers of Mathematics (2000), “...school
mathematics experiences at all levels should include opportunities to learn about
mathematics by working on problems arising in contexts outside of mathematics. These
connections can be other subject areas and disciplines as well as to students’ daily lives...”
(p.65). Hypothesis (1,iii) was not supported. There is a difference between Group B and
Group C in favour of Group C but this is not a significant difference. So, a positive effect
of the instruction enriched with combination of contextual problems and student centered
teaching episodes was not found different compared to the instruction enriched with only
contextual problems. This implies that, instruction enriched with combination of contextual
problems and additional student centered teaching episodes may not have an additional
positive effect in improving trigonometry achievement compared to the instruction
enriched vﬁth only contextual problems. This result supports the key principles of RME
that states student should be given the opportunity to reinvent mathematical concepts, and
that the teaching-learning process be highly interactive (Fauzan, Slettenhaar, Plomp, 2002).
The result is also parallel with Felder’s (1996) statement which suggests that student
centered instruction leads to increased motivation to learn, greater retention of knowledge,

deeper understanding, and more positive attitudes toward the subject being taught.

One possible reason behind this result may be that Group C students were not
accustomed to take an instruction enriched with additional student centered episodes. This
instruction type was not familiar to them. It was observed that a few students appeared to
be less motivated and actively engaged to join the discussions. For example, one male
student in Group C expressed his feelings by saying that it took a long time to discuss, it
would be better to continue the lesson by solving the problems consecutively. These a few

students might have answered the questions in the posttest in the same unwilling manner.

Another possible reason behind this result may be that the student centered episodes
may not be used as they must be used because of the time limitation. Student centered
instruction is a broad approach that includes such techniques as substituting active learning
experiences for lectures, holding students responsible for material, assigning open-ended

problems and problems requiring critical or creative thinking, involving students in
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simulations and role-plays, assigning a variety of unconventional writing exercises, and
using self-paced and/or cooperative learning (Felder, 1996). Student centered instruction
consists of too many techniques, however only a part of these techniques could be used
during the instruction of Group C because of the time limitation of the syllabus. For
example, students might be taken outside the classoom, to the garden. They could see the
flagpole in the garden and participate in the discussions more actively. Both the teacher
(researcher) and the students were not used to student centered teaching episodes combined

with the contextual problems. Results might be different if the student centered episodes |

were used more effectively.

Another reason behind this result may be the students’ curiosity about the results of
the pretests, posttests and retention tests. They asked whether these tests would be
evaluated and graded. The researcher did not give detailed information about this case, she
only said that they will be evaluated. Almost all the students were seemed to be satisfied
with this answer, however a few students from Group C said that he would answer the
questions in posttest more seriously if the test would be graded and effect the average of
his mathematics grade. This expression of him may have affected the other students’

motivation of answering the posttest questions in Group C,

The researcher’s role may be another reason behind this result. The researcher was
not the real mathematics teacher of the classes, however she was the geometry teacher of
the class defined as Group B. She had been giving two geometry lessons every week to the
students in Group B for one year. So, students in Group B may be more familiar with the
researcher’s way of teaching compared to Group A and Group C. This might have caused

inflated trigonometry achievement scores in Group B.

Long term effects of instructinal sequences on trigonometry achievement among
groups were also explored. The posttest was readministered as a retention test to all groups
after 45 days from the posttest. The nonparametric Kruscal Wallis Test was carried out in
order to see whether there is significant difference in terms of retention test results between
the groups. It was found out that there is statistically significant difference between the
tetention test scores between the groups (x2(2)=12.77, p=0.002). Pairwise comparisons
were done in order to compare the groups in pair. According to the adjusted significance

values, it was found that there is stgnificant difference between Group A and Group B, and




72

Group A and Group C in terms of retention test scores. However, there is no significant
difference between Group B and Group C in terms of retention test results. This result is
parallel with the results of the analysis done on hypothesis 1. It was also found that there is
significant difference between Group B and Group A, and Group C and Group A in terms
of posttest scores. However, there is no significant difference between Group B and Group
C in terms of posttest scores. These findings on retention test scores are parallel with the

findings on posttest scores. They support the results of the analysis done on Hypothesis 1.

As a further analysis, Related Samples Wilcoxon Signed Ranks Test (the
nonparamefric alternative of Related Sample t-test) was also carried out to compare
retention test scores and posttest scores for each group seperately. It was observed that
there is a general decrease in all groups. According to the significance values, it was found
that there is no significant difference between retention test scores and posttest scores in
Group A (p=0.153). Similarly, there is no signtficant difference between retention test
scores and posttest scores in Group B (p=0.548). However, there is a statistically
significant difference between retention test scores and posttest scores in Group C
(p=0.000). The results indicate that there is permanance of the trigonometry achievement
for Group A and Group B, however there is no permanance of the trigonometry
achievement in Group C. Traditional instiuction and instruction enriched with only
contextual problems led greater retention of knowledge compared to the instruction
enriched with the combination of contextual problems and student centered teaching

episodes.

The main reason for this decrease may be the time passed, so students might have
forgotten some concepts like trigonometric ratios, types of angles, or relations about
trigonometry. It was also observed that students generally preferred to use geometric
relations instead of trigonometric ratios in the retention test papers. For example, many
students preferred to use geomety in 3%, 4", 5™ and 6" questions in the retention test
rather than using trigonometric relations. For instance, in the seventh question of the

retention test, many students prefered to use the geometry knowledge that the length of the
side at the opposite of 60°is +/3 times of the adjacent side in a right triangle and wrote

20+/3 meter when they saw 20 meter as one side of a right triangle with an angle of 60°.

They preferred to use this simple and easy geometric information instead of using
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trigonometric relation of tangent 60°. They omitted the fact that this geometric relation was
a result of trigonometric relation, tangent 60°. Geometry may be more practical and less
tiring for some students. They got less point from questions which they solved by using
other techniques instead of trigonometry although the answer was right. This may be one

of the possible reasons they took lower scores in the retention tests.

A possible reason behind the significant decrease in Group C may be the way how
students answered the retention test questions. It was observed that a few male students
from Group C persistently asked the reason why they had to answer the same questions
again although the researcher explained the reason by saying that it was important to see
whether they forgot what they have learned. These students found it unnecessary and
boring to answer the retention test questions. However, the researcher did not come across
such behaviours in other groups. It was also observed that students in Group C might have
- preferred to use geometric relations instead of trigonometric ratios in the retention test
papers compared to other groups. Some students preferred to use geomety in 3" gt sh
and 6™ questions in the retention fest instead of using trigonometric ratios. So, they got
lower point from these questions. These students got 1 point for the question which they
solved right but without using trigonometry in retention test papers of Group C. However,
there were more students who answered these questions by using trigonometry in the
posttest papers. So, they took 3 points from these questions because they used the right
method, trigonometry, for solving these questions. They took 2 points when they tried to
solve the question by using right trigonometric relation even though the result was wrong.

This may be one of the possible reasons they took low scores in the retention tests.

Finally, views and perceptions about trigonometry after instructions were explored
for each group. The researcher asked five questions before intervention and six questions

after intervention to the students in all groups.

For the first question, when the percentages are considered generally there is an
increase in the percentage of right answers for all groups for the first question asking
“What are the things that comes to your mind when you think of trigonometry?” and *“ Can
you define trigonometry with your own words?”. The results indicated that students have

learned the definition of the trigonometry in all types of instructions. It may be concerned
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as the effect of the type of instruction on learning the definition of trigonometry is not

conclusive.

For the second question, the percentages showed that Group B and Group C learned
the daily life application areas of trigonometry {97% and 100%), however Group A’s
percentage is less (42%). It is very clear that students in group C has learned the daily life
application areas of -trigonometry much more compared to the students in Group A and B.
This can be considered as instruction enriched with combination of contextual problems
and student centered teaching episodes has a positive effect on students learning the daily
life application areas of trigonometry compared to traditional_ instruction and instruction

enriched with only contextual problems.

For the third question, there is an increase in the level of interest when the
percentages before and after interventions are compared for each group. Group C (46%)
has the highest percentage when compared with Group B(38%) and Group A (33%)
answering “it took my attention a lot”. This can be considered as instruction enriched with
combination of contextual problems and student centered teaching episodes has more
positive effect on students level of interest in trigonometry compared to traditional

instruction and instruction enriched with only contextual problems,

For the fourth question, the results showed that there is an increase in the percent of
the students who think trigonometry is not difficult when compared to other mathematics
subjects after interventions in Group A (33% to 46%) and Group C (21% to 42%).
However, the percent did not change in Group B (35%). Group C showed the sharpest
increase with a percentage of %21 compared to Group A with a percentage of %13 and
Group B. This result may be related with students’ level of understanding the trigonometric
concepts during lessons. They may have thought that trigonometry is not difficult, on the
contrary it is easy to understand, when they understood the lessons well. Hence, this resuli
may be accepted as an indicator for the positive effect of using instruction enriched with
the combination of contextual problems and student centered teaching episodes to the

perceptions about trigonometry.

For the fifth question, there is an increase in the percent of students who say that

trigonometry does not frighten them compared to other mathematics subjects in all groups
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except Group B after intervention. Group C has the highest percent in this question (83%).
This result may also be related with the positive effect of using instruction enriched with
the combination of contextual problems and student centered teaching episodes to

students’ perceptions about trigonometry.,

Sixth question only existed in the questions asked after interventions. It was:
“In what degree did the intervention effect you to understand trigonometry?”. The answers
given to this question were evaluated according to their content of including positive
expressions such as “ I understood very well”, “It helped me to understand better”, “It
effected me in good way”, “Visual problems were interesting”, “I understood the main idea
of trigonometry”, “It was amusing, 1 understood the lessons”...etc. Group B has the
highest percent of the students who used positive expressions (80.76%). However, Group
A has the minimum percent of the students who used positive expressions (41.66%).
Group C has notably high percent (70.83%). These results indicate that the instructions
enriched with contextual problems have a positive effect on students perceptions on
trigonometry lessons. The expressions in the interviews also supported this idea, Many
students from Group B and Group C stated that lessons were interesting and
understandable. For example, none of the students used expressions' such as “Lessons were
boring” in Group B and Group C. However there were some students saying “Lessons
were boring” in Group A. This can be considered as the instructions enriched with
contextual problems have a positive effect on students® perceptions on trigonometry
lessons. However, the positive effect of using students centered teaching episodes was not
so obvious. One possible reason behind this result may be that Group C students were not
used to receive an instruction enriched with student centered episodes. This instruction
type may be unfamiliar to them. Some students may have perceived the time given for the

discussions as a waste of time.

To summarize the findings, the results showed that instruction enriched with only
contextual problems caused positive effects on students’® trigometry achievement, and
views and perceptions about trigonometfy, but results did not support the effectiveness of
instruction enriched with combination of contextual problems and student centered
teaching episodes on students’ trigonometry achievement compared to the instruction
enriched with contextual problems. However, it was found that instruction enriched with

combination of contextual problems and student centered teaching episodes has positive
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effects on students® views and perceptions about trigonometry compared to the traditional

instruction and instruction enriched with only contextual problems.

7.1. Limitations of the Study

First of all, it is not possible to generalize the results of this study to all 10™ grade
students other than the students of this public high school in the study because the sample
size of the study is small and sampling technique is not éppropriate enough for drawing
generalizations. The school was not selected by using randomization techniques. It was
selected because the researcher was working as a teacher in this school, so it would be
convenient to apply instructions, pre and post tests, and interviews. Furthermore, the
numbers of the participants in all groups were below thirty and not equal. The number of
students in Group A and Group C were equal (24), but the number of students in Group B
was more than them (26). Sample sizes of each group decreased because of absent students
during process. Group A decreased to 24 from 27, Group B decreased to 26 from 27,
Group C decreased to 24 from 27.

The researcher’s role may be stated as a limitation of the study. The researcher was
not the real mathematics teacher of the classes, however she was the geometry teacher of
the class defined as Group B. She had been giving two geometry lessons every week to the

students in Group B for one year.

Another limitation seemed to be the time of application in Group B. Instruction
times were generally sufficient in all groups. Instruction took three lesson hours in Group
A and B. It took four lesson hours in Group C. Each lesson hour was forty five minutes.
The subjects planned to teach were all taught during the instructions in all groups.
However, the time need for the instruction in Group B may be a little longer. The
researcher had to proceed a little faster at 1ast 10 minutes of the third lesson in order to give

alt the problems. This may be another limitation about the study.

One of the limitations was the students’ expectation about the feedback of the

pretests, posttests and retention tests. They asked whether these tests would be evaluated
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and marked. The researcher did not give detailed information about this case, she only said
that they will be evaluated. Nearly all the students were seemed to be satisfied with this
answer, however one student from Group C said that he would answer the questions in
posttest more seriously if the the test would be marked and affect the average of his
mathematics grade. This expression of him may have affected the other students’

motivation of answering the posttest questions in Group C.

To summarize the main limitations, it can be said that sample size of the study,
sampling technique, researcher’s role, time of implementation, students’ expediency are
the drawbacks of the study. However, although it has some limitations, it can contribute to
our understanding on the effects of instruction enriched with combination of contextual

problems and student centered teaching episodes on learning in trigonometry.

7.2. Recommendations for Further Research

This study investigated the effects of three types of instruction defined as
traditional, instruction enriched with only contextual problems and instruction enriched
with combination 6f contextual problems and student centered teaching episodes. The
results showed that instruction enriched with only contextual problems has positive effects
on students’ trigonometry achievement, and views and perceptions about trigonometry, but
results did not support the effectiveness of instruction enriched with combination of
contextual problems and student centered teaching episodes on students’ trigonometry
achievement compared to the instruction enriched with only contextual problems.
However, it was found that instruction enriched with combination of contextual problems
and student centered teaching episodes has positive effects on students’ views and
perceptions about trigonometry compared to the traditional instruction and instruction
enriched with only contextual problems. As mentioned before there are some limitations in
this study and further research with better implementation can increase its effectiveness
and provide necessary feedback to make revisions in the instructional sequences.
Therefore, instructional sequences including contextual problems can be used as a model

for developing similar sequences for different content areas and for different grade levels,
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Instructional sequences including contextual problems were prepared after a very
intense period of literature review. So, instructional sequence can be used by all the
researchers even for different kinds of studies and by educators (teachers, curriculum
developers) for educational purposes. It may be possible to measure the effectiveness of
the instruction enriched with combination of contextual problems and student centered

teaching episodes more accurately with a larger sample and better implementation.

Both the teacher and the students were not used to student centered teaching
episodes combined with the contextual problems. Results might be different if the student

centered episodes were used more effectively in a more convenient learning atmosphere.

In order to get more generalizable results the study should be carried out again with
larger number of sample consisting of 10" grade students. And teachers should also be
integrated into the study such that they should participate in all the activities and
interviews. Results may differ if students receive similar instructions from their

mathematics teachers.

In order to increase students’ motivation towards participating in lessons,
answering the questions they should be given credits for their participation and their
performances should be evaluated. For example, a homework for making a little research
about the trigonometry in radar systems might be given and their products can be displayed
in a poster, they can make their presentation in the classroom including their friends,
teachers and maybe parents. Efforts of students can be rewarded by their mathematics

teacher.

For further research, Turkish teachers’ attitudes towards using instructions
including contextual problems as developed in this study and their opinions about using
contextual problems in the mathematics lessons can be studied. As it is seen in this study,
students were not used to instruction enriched with contextual problems. The results of the
study conducted by Gainsburg (2008) suggest that teachers make real life connections but
most are brief and many appear to require no action or thinking on the students’ part. He
also states that some teachers feel that students should master mathematical concepts and
skills before connecting them to the real world. Therefore, teachers attitudes towards using

instructions including contextual problems can be studied.




79

This study was an attempt to investigate the effects of three types of instruction
defined as traditional, instruction enriched with only contextual problems and instruction
enriched with combination of contextual problems and student centered teaching epfsodes.
However, teachers and researchers need to discover better ways in this issue in order to

meet the desires and demands of students to provide high quality of education.
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APPENDIX A: “VIEWS AND PERCEPTIONS ABOUT
TRIGONOMETRY PREQUESTIONNAIRE”

SORULAR

Ad-Soyad:
Simif;

1.Trigonometri kelimesini duydugunda aklina ne geliyor, trigonometriyi kendi
ciimlelerinle tanimlar misin?

2. Trigonometrinin giinliik hayattaki kullamim alanlarinm neler oldugunu
diistiniiyorsun? Birkag érnek verebilir misin?

3. Trigonometri ile dier matematik konularmni karsilastiracak olursan,
trigonometrinin jlgini ¢ekme derecesini degerlendirir misin?

4, Trigonometri ile difer matematik konularim karsilastiracak olursan,
trigonometrinin zorluk derecesini degerlendirir misin?

3. Trigonometri ile diger matematik konularmi karsilagtiracak olursan, trigonometri
seni ne kadar korkutuyor?

CEVAPLAR
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APPENDIX B: “VIEWS AND PERCEPTIONS ABOUT
7 TRIGONOMETRY POSTQUESTIONNAIRE”

SORULAR

Ad-Soyad:
Smmf:

1.Trigonometri kelimesini duydugunda aklina ne geliyor, trigonometriyi kendi
ciimlelerinle tamimlar masin?

2. Trigonometrinin giinlitk hayattaki kullamim alanlarinm neler oldugunu
diisiiniiyorsun? Birkag¢ 6rnek verebilir misin?

3. Trigonometri ile diger matematik konularimi kargilagtiracak olursan,
trigonometrinin ilgini ¢ekme derccesini degerlendirir misin?

4. Trigonometri ile diger matematik konularin karsilastiracak olursan,
trigonometrinin zorluk derecesini degerlendirir misin?

S. Trigonometri ile diger matematik konularini kargilagtiracak olursan, trigonometri
seni ne kadar korkutuyor?

6. Bu hafta gerceklestirilen uygulamalar trigonometri konusunu anlamam ne derece
etkiledi?

CEVAPLAR
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APPENDIX C: TRIGONOMETRY ACHIEVEMENT PRETEST

TRIGONOMETRI SORULARI
Agagrdaki sorulari dikkatlice okuyunuz ve islem basamaklarimi detaylh ve anlagihr
bicimde gistererek ¢iziimiiniizii kagit lizerindeki bos alanlara yapimz,
Ad-Soyad:
Simif-No:

1. Asagidaki dairesel grafikte bir ilin bir aylik hava durumu gosterilmistir. Buna gore
giinesli dilimine denk gelen aginin radyan kargilil nedir?

2. 150" 1ik agimn radyan ve grad karsiligini bulunuz.

3.Yer ¢izgisiyle 60° lik ag1 yapan bir yiirilyen zeminin tizerindeki bir insan 1,5 metre
yiiksege ¢ikmak igin ne kadar yol alir?

4

4. Deniz kiyismnda bulunan 100 mefre yiiksekligindeki bir tepeden denize bakinca diiseyle
30° lik ag1 altinda gériilen bir yelkenlinin sahile olan uzakli kag metredir?
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5. 20 metre uzakliktan bakildiginda tepe noktasi yatayla 60° lik a¢1 altinda gériilen bir
agacin boyu kag¢ metredir?

6.
A
Yandaki ABC
liggeninde
IBCI =10cm
m(B)=30°,
m(ACD)=135°
/\ 300 1350
B C D |[48="
l[ac|=1
7. A Ya.ndaki dik tiggende
m(B)= 90°
10 | |BC| <20cm
m(BCA)=?
1 C




84

1000

B 788 C
Yukaridaki tiggende [AC| =10005r ,|BC| = 788br

olduguna goére BCA agisinin Sleiisiinii bulunuz.

9. Asagidaki soruyu bir dik tiggenden faydalanarak cevaplaymmsz.
tanx . cotx =7

10. Asagidaki soruyu bir dik tiggenden faydalanarak cevaplaymiz.
cos’x + sin’x =7
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APPENDIX D: TRIGONOMETRY ACHIEVEMENT POSTTEST

TRIGONOMETRI SORULARI
Asapidaki sorular dikkatlice okuyunuz ve islem basamaklarim detayli ve anlagilir
bi¢imde gostererek ¢bziimiiniizii kagit iizerindeki bog alanlara yapimz.
Ad-Soyad:
Simif-No;

1, Asagidaki dairesel grafikte bir kisinin bir aylik harcama durumu gésterilmistir.
Buna gore gidaya diisen dilime karsilik gelen agimn radyan karsihgini bulunuz.

Temizlik
malzemeleri

2. 135" lik aginin radyan ve grad karsiligim bulunuz.

3.Yer ¢izgisiyle 60° lik ag1 yapan bir yiiriiyen platformun tizerindeki bir yiikiin 3 metre
yiiksege ¢ikmasi igin ne kadar yol almasi gerekir?

4. Gol kiyisinda bulunan 60 metre yitksekligindeki bir tepeden gole bakinca diiseyle 30° lik
agt altinda goriilen bir geminin g6l kiyisina olan uzakligi ka¢ metredir?
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5. 30 metre uzakhktan bakildiginda tepe noktasi yatayla 60° lik ag1 altinda goriilen bir
binamin yiiksekligi kag metredir?

6.
Yandaki ABC
tiggeninde
|BCI =5cm
m(B)=45°,
/ - iso m(ACD)=150°
A
B c o |48=?
|4C| =17
7. A Yandaki dik tiggende
- m(B)= 90°
30 |4B|=15 cm,
15 |4C|=30cm
m(BCA)=?
| C




87

1000

B 809 C
Yukaridaki tiggende |AC| =1000br, !BC | = 809br

olduguna gore BCA agisiin Sl¢lisiinii bulunuz.

9. Asagidaki soruyu bir dik iiggenden faydalanarak cevaplayimz.

10. Asagidaki soruyu bir dik iiggenden faydalanarak cevaplayimz.

1+1=‘?

cosec’x sec’x




APPENDIX E: INSTRUCTIONAL SEQUENCE FOR GROUP A

T
i

b

\J

o
N

£ iR
(34
L
12

e

B

Yonlii Acilar

O baslangig noktasina agilan késesi [ OA ve
[OB sinlarina da agimin kenarlan denir. Agiy
olusturan 2 imindan birini baslangig kenan,
digerini de bitim kenar olarak aldizimizda elde
edilen agiya yonlii acr denir. Agilar
adlandinlirken dnce baslangig kenan, sonra da
bitim kenar: yazihr.

Aginin  kbsesi  etrafinda,
baslangig kenarindan bitim
kenarina 2 tiirlii gidilebilir.

Bunlardan birisi saatin dinme
yonilniin tersi, ikincisi ise saatin
dénme yénilniin aymsidir. Saatin
dinme yoniiniin tersi olan ybne
pozitif, ayn1 olan yone negatif yon
denir.




A
< * BOA agisi pozitlf yonlii bir-agicir,
o} B
L
- AOB agis1 negatlf yénll bir agidir.
o] B

Negatif yonlii agilanin Slgiimii negatif sayilarla, pozitif yonlii
acilann dlgiimii pozitif sayilarla gosterilir.

o,
-i;'/if/ m

" o

Agilanin kollan arasindaki agtkhyi sayisal
olarak belirtme Islemine agt Slglimii
denir ve bunun igin agi 6iger kullanihr.

Yonli Yaylar

BIr agimn ksesInl merkez kahul eden ¢emberin, agimn i¢
biigesiyle keslsen par¢asina, o agimin grdligh yay denlr. Yayin
yénl agimin ydniidiir.

A
T AB negatif ySnlll yay: (veya ATB yayi)

0 B

K B AB pozitif y&nlll yay: (veya AKB yays)
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AB pozitif ve AB negabif yonlil yaylanm ekl (zerinde gosterintz.

Agt olgmek igin 3 birim kullanilir;

Bir cember yayini géren
kiisesi cemberin merkezinde
olan aciya merkez aci denir.

90
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Bir cember yayi 360 es parcaya
béliindigiinde, bu es parcalardan
birini géren merkez acinin Glgiisiine 1
derece denir ve 1 derece ile gosterilir.
Tam acinin élgiisil 360 derecedir.

+ Bir cemberde yaricap .
uzunluguna egit
uzunluktaki yayi géren g

merkez aginin olgiisiine
bir radyan denir ve 1R
veya 1 rad ile gisterilir




Cember yayi 400 es parcaya
boliindiigiinde bu es pargalardan
birini géren merkez acinin
olgiisiine 1 grad denir ve 16 jle
gosterilir. Tam agimin Glgiisii 400
graddwr

360%=2N radyan= 400 grad
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Odev: Tabloyu doldurunuz

Problem:

(6

8ot
[

x acisimn dlciisiiniin radyan karsiigi nedir?

Problem

" Yandaki semada a acisina denk

gelen dilimin agisimin grad ve
( derece olarak degeri nedir?

N\

93




(1) 7.32 metre ¢apindaki ysrim ¢ember ilzerinde bulunan C ve D
agilanim kiyaslayiniz.

2) C ve D agrlannin radyan, derece ve grad kargibj nedir?

Problem:

Yukaridaki dairesel grafikte a ve b
acilariin toplami kag radyandir?

Simdi bu dersimizde bildijgimiz ag ve
mesafe bilgisini kullanarak bilmedigimiz
uzunluklari hesaplamak igin bize gerekli
olan ve trigonomefrinin temelini olusturan
kavramlan, trigonometrik oranlari
dgrenecediz.
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Dik Uggende Trigonometrik Oranlar

Hipoteniis
Karg
Dik Kena

Komsu Dik
Kenar

i

Sinlisa =  Kargl kenar
Hipotenis
Coslnllsa= Komsu kenar
Hipotents Hipoteniis
Kars1
Dik Kena Cotana=  Komsu kenar
Karg kenar
Komsur Dik Tana =  Kargi kenar
Kenar Komsus kenar
Seca=
cosg
Cosectt = .I
sina

1) tan & Cot=1
2) sinfr+ cos?gx =1

3Tana=_1

colex

4)Cotgr = _!

lanea

sina
Sitana=—"-
cosa
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+ " agilarin trigonometrik oranlan
hesaplanabilir. Simdi en ok kullamlan
araglarin trigonometrik oranlarinin nasil
bulacagimizi 6§renelim. Diger acitar igin
hesaplanig yontemini daha sonra

yardimiyla 6grenecegjiz.

Eskenar ve ikizenar liggen yardimi ile ..

Sin30 =
Cos30 = /372
Tan30 = 1/vV3=+3/3
Colan20= 3
Sin 60 = V/3/2

Cos60 =7
Tan®&d =7
Cotane0 =7
Sinds =7
Cos 45 = 7
Tan45="7?
Cotan45 = ?

A or x° 45 60

Sin

Cor

<ol




Diger tiim acilar i¢in de
trigonometrik oranlar
hesaplanabilir. Bunu yaparken
birim ¢emberden

faydalanacagiz. Bunu sonraki
derslerimizde gbrecegiz.

Tiim acilarin trigonometrk
oranlan
yer alir,

Simdi bu 8grendiklerimizle ilgili baska
problemler gtzelim:

Problem:

kL]
27¢

:] [+]

Yukandaki Giggende
m(B)=90°, m(ACB)=27° ’|AB| =T8br oldujuna giire |BC1 =7
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Problem:
A
20
30°
H
B c
50
D 14

Yukaridaki sekilde, BCED dikddrigendir.
m{B)=90°,

|4C|=208r
|CE|=5Ubr ’ m(AéB)=30° oldugjuna gisre |ADi=‘?

Problem
A

Yukaridaki iggende
m(B)=90°, m(BIA\C)=40° JAB| =100br oldufjuna gire |AC1 =7

Praoblem:

Yandaki ABC
i¢geninde
IBCI=20 cm
m(B =307
m(ACD)=135°
yasy oldujuna gore
A IABI=?
a
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Problem:

Boyut uzunluklar cok biiyiik olan bir
licgenin cevresini en kisa yoldan
hesaplamak icin neleri bilmek yeterlidir?

Probliem
A

15

Yukaridaki Uggende
m(B)=90°, m(BéA):GOo' |AB| =15br oldufuna gire |AC| =7

Problem:

300

A 450 B

Yukarndaki liggende
m{B)=090°,
|AB|= 450br

|BC| =300br oldufuna gire m(CAB)=?

99
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APPENDIX F: INSTRUCTIONAL SEQUENCE FOR GROUP B

T D o e,

e A

Trigonometri ile ilgili en eski
hilgiler, M.0 170-125 yillarinda
yasayan Hipparchas'a aittir,
Trigonometri astronomi calismalan
sirasmda dogan ve geligen bir
matematik dalidrr,

. DUNYA
ASTRONOMI YIL

. 2009

ygulama sahasi oldukc¢a genistir: Astronomi

alismalan, gezegenlerin yoriingelerinin hesaplanmasi,

aritacilik, rota tayini, navigasyon, kan basinc dlglimii,

ptik, mekanik, elektronik mithendisligi bu sahalardan

“ sadece bir kagidir. Telefon konugsmalarimizdan

televizyon gariintii dalgalarina, uzay caligmalarina bir
cok saha trigonometrinin uygulama alanina
girmektedir.




Bundan 2000 yil Gnce insanlar
dilnyanin ¢evresini
hesaplayabilmisierdir,

Bunu yapan kisi asal sayilar
konusundaki calismalariyla
tanindan M.0 200 yillarinda
yasayan eski Yunan
matematik¢i Eratosthones
{Eratosten) adh bilim adamiydi
(Brown, 1994).

AristhotelesTn fiklderinden de yaradanan
Eratosth dilnyanin g Inl Slgmek igln gu
2 varsayimdan yola gknugta

« Dilnya yaklagik bir kre Bigimindedir.

+ Giunes Isnlan dinyaya paralel degrular
boyunc gellr.

1. Birl Aswan {Syene) da difjert Iskenderiye (Alexandria) de 2
gnemen (saat ve takvim hesabinda Wulfaqulan subulk, sekide
gan qubuk) yere dikk konumda batinfdi. Bu gubuklar, s2nal
olarak Wiginda diényanin keslsebllecektir,
Bunlann belldedigl aginin Slglisd derece tiriinden o olsun,
2.Aswan lle 1skenderiye dakl uzaklik, o W uzupluk
Slgiisil olan "stad” kullamlarak Slghilmistir. Bu uzakik 5000
staddr,

3Aswan'daki cubviun géigesl 0 derece oldufu (gines 1gnlan
Aswan'da yere dik geldQl) anda lskenderlyo'dekl gines
isinlannin oradakl gubukla 7,2 derecefik aq yaparak geldigl
Blgiilerek befirl Istir. Yanl a=7,2 d dir.

ydir,

Bunlardan sonras| gof

7r2derecelik agrya 5000 stad = 800 Jun dusayorsa
de lik a 7 stad dhger

Bu da yaklasik 46250 km eder,

Bu defer o zamanin gardanna gbre diinyanin
buglinkll teknolojlslyle hesaplannus 40024 km
ye oldukca yakin bir deferdir!

OB Iucyshappds Prilasis kg
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Gorditgiiniiz gibi insanlar M.6. 200 yilinda bile hig
bir teknoloji yokken diinyamin gevresini gok yaklasik
... hesaplayabilmisler. Bunu vyaparken
ullammislardir. Biz de bu derste agi
,giz". Agt cesitleri ve Dbirbirleri
nceleyecedi

O baslangic noktasina acilan kdsesi [ OA ve
[OB i:nlarina da acimn kenarlarn denir. AGiyi
olusturan 2 isindan birini baslangig kenanr,
digerini de bitim kenan olarak aldizmizda elde
edilen agiya denir. Acilar
adlandirilirken énce baslangig kenari, sonra da
bitim kenar yazihr.

[ OA ve [OB iinlarinin birlesiminden olusan ag:

[OA U [OB, AOB acisi, B O A agisi veya O agisi
seklinde gosterilir.
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Aginin kosesi  etrafinda,
baslangig kenarindan bitim
kenarina 2 tiirlii gidilebilir.

Bunlardan birisi saatin dénme
yoniiniin tersi, ikincisi ise saatin

donme ydniiniin aymisichr. Saatin
donme ydniiniin tersi olan ybne

; aym olan ydne yén
denir.

<t BOA agisi pozitif ybnld bir agidir.

L
- AOB agsi negatif ydnlii blr agidir.

B

o)

Negatif yonlii agllarin dlglimil negatif sayilara, pozitif yonlil
agilann dlglimii pozitif sayilarla gosterilir.

A
cilanin kollan arasindaki acikhi)
sayisal olarak belirtme igtemine

denir ve bunun igin agi dlger
kullanilir.Daha ince hesap yapmak
icin kullamlan agidlcere ganyometre
denir. ilk ganyometre 780'de
Fransiz minerolojist A. Carangeot’ca
bulunmug olup ozellikle parlak ve
yumugak olmayan biiyiik kristallerin
dlgiimiinde kullamlmist
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Pusula da y&n bulmanin yam sira agt
dlgiimiinde kullandir. italyanca Bussola
kelimesinden Tiirkgeye giren pusula MS. 300 i
yillarda Gintiler tarafindan bulunmugtur.

"ﬂevremizde sikga gordiigiimiiz arazi
6lgiim aleti yapillarin egimini , yatayla yaptg
aciy: dlgmeye yarar.

Yanlil Yaylar

Bir agimin kdsesinl merkez kabul eden gemberin, aginin ¢
hiilgesiyle keslsen par¢asina, o agimn gérdilgli yay denir. Yayin
yonit aginin yénidiir.

A
T AB negatif yonlil yay: (veya ATB yay)

0

e

K B AB pozitif ySnlll yay: (veya AKB yayi)

AB pozitif ve AB negatif yonid yaytanm sekil izerinde gosterinlz,




Agl dlgmek igin 3 birim kullanilir:

genellikle giinliik yasamda,
bilimsel calismalarda, ise denizcilik ve
haritacilikta —harita yapiminda kullanihr. Acgi
dlciimiinde protraktor da denilen actdlger
kallanihir,

Bir gember yayim géren
kosesi gemberin merkezinde
olan aciya merkez agi denir.
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4

Bir cember yay1 360 es parcaya
béliindiigiinde, bu es parcalardan
birini géren merkez agimn odlgiisiine 1
derece denir ve 1 derece ile gosterilir.
Tam acinin dlgiisii 360 derecedir.

=+ Bir ¢emberde yarigap .
uzunluguna esgit
uzunluktaki yayi géren d

merkez aginn dlgiisiine
bir radyan denir ve 1R
veya 1 rad ile gosterilir
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Haritacilik ve denizcilikte
ozellikle daha kiiciik agilarin
olcimiinde kullanihr.

Cember yay1 400 es parcaya
béliindiigiinde bu es parcalardan
birini goren merkez aginin
dlgiisiine 1 grad denir ve 16 ile
gdsterilir. Tam aginin dlgiisii 400
graddir.

360°=2 radyan =400 grad
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4 p

$dev: Tabloyu doldurunuz,

on

mH n~2

Hepimiz anne-haba
veya kendi kredi
kartimizda benzer semay:
gormisiizdiir. Yanda hir
kredi kartina gelen
harcamalar gésterilmistir:

Buna gire gidaya denk gelen acimn dlgiisiiniin
radyan karsihi nedir?

AsahGazlar 45
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1) 7.32 metre uzunlufundaki kalenin orta noklasindan, kale
uzunlugunun yarist uzaklifinda bulunan C ve D nokfalarindan
hangisinde gol amma olasiit daha yilksektir? (Kaleyi gorme
agilarimi kiyaslayiniz)

2) C ve D noktalarindan kaleyi gbrme agilarinm radyan derece ve grad
karsihg1 nedir?

Acgi kavramini ve aci gesitlerini

ofirendik. Bu kavram yardinmyla
asagrdaki problemlere cevap
bulabiliriz;

1)Everest dagimin yiiksekligini
hesaplayabiliriz.

2) Bahgedeki bayrak direginin boyunu
hesaplayabiliriz.

3) Bir gemi radari denizaltinin
konumunu belirleyebilir.




_|_

Simdi bu dersimizde

hesaplamak icin bize gerekli
olan ve trigonometrinin temelini olusturan
kavramlari,
dgrenecediz.

Dik Uggende Trigonometrlk Oranlar

¢ Hipotenas
Kargi
Dik Kenal
A B
Komsu Dik
Kenar

Bir dik liggende bir dar ag1 ve kenarlar arasinda iligki
vardir.
ifade etmek icgin belli
tamimlayacadiz. Bu aranlara ylizydlar énce ilk olarak
. yaparken (gezegenler arasi
uzakhk, yoriinge hesabi) ihtiyag duyulmustur, Tarihi
bitgilere gbre; bu kavramlan ilk kullananlar
Miistiimanlardi. Ornedin astronomik calismalarda
gegen ceyb kelimesi daha sonradan Latince karsihd
kullanlarak siniis olarak kaynaklara gecmistir. Simdi
temel trigonometrik oranlar tanimlayalim:
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Sintisx =  Kargi kenar ¢ Hipotenis
Hipoteniis Kargi
L Dik Kena
Cosinlisa= Komsu kenar
Hipoteniis A
Komgu Dik
Cotanx=  Komsu kenar Kenar

Kars kenar

Tana =  Kary kenar
Komsu kenar

Seca=
cosqa
1
Cosec@ =
sina

o)
TR
EDER

1) tan a Cota=1

2) sinlg + cos? =1

3)Tand=, !
cota

4)Coter=, 1

tang

‘__sin
5)tana=—£
cosa

cosa

6)xot =

+ acllann trigonometrik oranlari
hesaplanabilir. $imdi en cok kullanilan
araclarin trigonometrik oranlarimin nasil
bulacagmizi 6grenelim. Diger acilar icin
hesaplanig yontemini daha sonra

yardimiyla Ggrenecediz.
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Eskenar ve ikizenar tggen yardimi ile ..

Sin3 =%
Cos30 = /3f2
Tan30 = 1/v3=+3/3
Cotan 30 = V3
Sin 60 = +/3/2

Cos60 =7
TanG0 =7
Cotan bl ?
Sind5 =7
Cos45=7
Tan45 =7
Cotan45 =7

Agt [T Bl 45° &

S

Ten

Diger tiim acilar igin de
trigonometrik oranlar
hesaplanabilir. Bunu yaparken
birim cemberden
faydalanacadiz. Bunu sonraki
derslerimizde gorecegiz.

Tiim agilarin trigonometrk
oranlan

yer alir.




Simdi bu-8drendiklerimizle ilgili baska
problemler ¢ézelim:
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Simdi bu bilgiler
151§inda bayrak
prablemimize geri
donetim...




Radar, gonderdiji radyo dalgalariyla bir objenin yeri va kentrmunu
belirleyen aygittir.

Telsiz, pusula, GPS (Global Positioning System), altimelre, soner
gibi navigasyon amach kullanilir. 1k olarak 1934'te ingiliz Generalin
Alntan ugakfarini vurmak igin miihendislerden yer ve konum belir
bir alet istemesi iizerine icat edilmis ve diinya askeri tarihinin yoniinii
sil bastan degistirnmis ve yeniden yazmistir. Asagidaki iki problem
radann ¢calisma prensibini basit anlamda aciklamaktadir:

Deniz kenarinds 78 . mt
yillseklikiicki Kontrol kulesinde
bulupan  bir . ghrevli, - bir
yelkenbiuin yatnyl; sl radar
ile 27° olavak Glemiis e, Bunas

lepesine
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Denizin dibinden 100 mt
yiikseklikte bulunan bir gemi
radan, diiseyle 40 derecelik ag
altinda gdriilen bir deniz altinin
denizin dibinde oldugunu tespit
etmistir. Buna gore deniz albimn
radara olan uzaklti kag
metredir?

Arastirmaci Ali, nehir kiy1 dofirultusu ile durdugu yeri kars
kiyidaki heykele birfestiren sanal dogru arasindaki aciy1 30°
olarak &lgmiistiir. Kiyt boyunca 20 m yiriidiidiinde ise bu
aginin 135 derece oldugunu tespit etmistir. Bu durumda
Ali'nin ilk durdugu yerin heykele olan uzakhigs kag metredir?
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EMLAKCI

jL Emlakgilik meslediyle ugrasan Ayse,
iiggen seklinde bir arsanin krokisini
cizmek ve miigteriler icin diikkaninda
sergilemek istiyor. Arsanin boyutiar
cok biiyiiktiir. Ayse'nin dlgme islemini
en kasa yoldan yapmasi igin neleri
bilmesi yeterlidir?

Bir catinun riizgar ve basinci kaldirabilmesi igin 60 derecelik ¢ati
eximine sahip olmasi gerekir. Calinin yitksekliginin 15 m olabilmesi
icin ¢alimn egimli béliminin vzunlugunun kag metre oimas:
gerekir?

+Teleferiklerin ghivendi olmasa igin teleferik halatinin
yer ile yaptigi ag1 30 dereceyi gecmemelidir,
450 metre uzakta 300 metre yikseklige ¢ikmasi
tasarlanan bir teleferik glivenli midir?




APPENDIX G: INSTRUCTIONAL SEQUENCE FOR GROUP C

R : Vi remrasvamerne
(s R TG e e L e
:’i', LT apn e = = e "._.."‘Q "/h

£ \ S ey

T Rl b T

Trigonometri ile ilgili en eski
bilgiler, M.0 170-125 yiltarinda
: yagayan Hipparchas’a aittir,
| Trigonometri astronomi calismalan
] sirasida dogan ve gelisen bir
I matematik

L]

7 - DUNYA
ASTRONOMI YILI

K ulama sahasi oldukga genistir: Astronomi
Fcalismalan, gezegenlerin yiriingelerinin hesaplanmasi,
aritacilik, rota tayini, navigasyon, kan basinc olciimii,

optik, mekanik, elektronik miihendisligi bu sahalardan
sadece bir kacidir. Telefon konusmalarnimizdan
televizyon goriintii dalgalarina, uzay calismalanna bir
cok saha trigonometrinin uygulama alanina

© girmektedir.
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Bundan 2000 yi1l once diinyanin
cevresinin hesaplandiiim biliyor
musunuz?

Bunu nasil basarmig olabilirter?

Bunu yapan kisi asal sayilar
konusundaki calismalariyla
tanindan M.0 200 yillarinda
yasayan eski Yunan
matematikgi Eratosthones
{Eratosten) adh bilim adamyd
{Brown, 1994).

Aristhotelesn fikiderinden de yaraHanan
Eratesthones, diinyanin gevresinl ¢igmek Igin 5u
2 varsayimdan yola gkmistirs

« Diinya yaklagik bir kiire bigiminded

« Gineg ignlan diinyaya paralel defnelar
bayunca gelir.

1, BIrl Aswan (Syen<) da difer Iskenderlye (Atexandsia) de 2
gnomon (saat ve takvim hesabinda kullapulan cubuk, jekdde
san cuburk) yere dik konumda bafirddr. Bu gubuklar, sanal
olarak uvzauldifinda dOnyamin merkezinde keslsebllecektir,
Bunlarin belldedigh aganin 8XFsl dérece Lirinden g ofsun,
2.Aswan lle Iskenderiye arasindakl vzaklik, o zamankl uzuntuk
Olgdsil olan "stad”™ kulamtarak Biclilmigtir. Bu wrakhk 5000
staddur. .
3.Aswan'dakd cubufiun gélges] O derece oldufu (glnes rgmlan
Aswan'da yere dik geldi3l) anda iskenderiye'dedl giines
ginlanmn oradakl gubukda 7,2 derecelik ag yaparak geldigl
&lgtlerek belirlenmlgtr, Yanl a=7,2 derecedir,

Punlardan sonrasi gok kolaydir.

7,2 derecellk agiya 5000 stad = 800 km dislyorsa
260 derecellk agrya .1 stad duser )

Bu da yaklasik 46250 km eder.

Bu defier o zamanin sartlanna gire dinyanin
bugiinki teknolojisiyle hesaplanmig 40024 km
ye oldukea yakin bir defjerdir!

© 200 Encyclop B riasicn
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Gordiigiiniiz gibi insanlar M.0, 200 yilinda bile hig
bir teknoloji yokken diinyanin gevresini cok yaklagik
arak __hesaplayabilmigler. Bunu vyaparken

] glardir. Biz de bu derste ag
eediz, " A1 - cegitleri ve birbirleri
Hhceleyecedi

s

0 baslangig noktasina acilan kisesi [ OA ve
[OB sinlarna da agimin kenarlarn denir. Agiyi
olusturan 2 pndan birini baslangi¢ kenan,
digerini de bitim kenar olarak aldigimzda elde
edilen agiya denir. Agillar
adlandinhrken énce baslang:¢ kenar, sonra da
bitim kenan yazihr.

[ OA ve [OB isinlarimin birlesiminden olusan agi;

[OA U [OB, A0B acisy, B oA aGis1 veya 0 agIsi
seklinde gosterilir.
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Aginin kogesi etrafinda,
baglangig kenarindan bitim
kenarina 2 tiirlii gidilebilir.

Bunlardan birisi saatin donme
yidniiniin tersi, ikincisi ise saatin

donme yoniiniin aymisidir. Saatin
dénme yoniiniin tersi olan yotne

, aym olan ybne - - yoén
denir.

<t BOA agisi pozitif y6nlii bir agidir.

L
- A O B agisi negatif ybnldl blr agid.

B

o}

Negatif ydnlll agilann &lciimii negatif sayilarla, pozitif yénlii
acilann Slglimil pozitif sayilarta gosterilir,

Agilarin kollar arasindaki acikhigi
sayisal clarak belirtme istemine .

denir ve bunun igin agi dlger
kuflamihir.Daha ince hesap yapmak
icin kullamlan agiblgere ganyometre
denir. Ilk ganyometre 780'de
Fransiz minerolojist A. Carangeot’ca
bulunmusg olup dzellikle parlak ve
yumusak olmayan biiyiik kristallerin
dlglimiinde kullamlmigt




121

Pusula da y&n bulmanmin yam sira ag:
dlgiimiinde kullamihr. Italyanca Bussola
kelimesinden Tiirkgeye giren pusula MS. 300 Il
villarda Gintiler tarafindan butunmustur.

ﬂ#evremizde sikga gordiinlimiz arazi
dlgiim aleti yapilanin egimini , yatayla yaphia
agiy1 8lgmeye yarar.,

Yonli Yaylar

Bir agimin késesinl merkez kabul eden gemberin, agin Ig
bdlgeslyle kesison pargasina, o aginin grdilgii yay denir. Yayin
yonti aginin yénidir,

A
Y AB negatif yonlil yay: (veya ATB yay)

0

N

K B AB pozltif yonlii yay: {veya AKB yayi}

AB pozitif ve AB negatif ynld yaylanni sekil dzerinde gdsteriniz.




Agi dlgmek icin 3 birim kullanilir:

genellikle giinliik yasamda,
bilimsel calismalarda, ise denizcilik ve
haritacilikta =harita yapiminda kullanihr. Agi
dlgiimiinde protraktor da denilen agiolger
kullanihir.

Bir cember yayim gadren
koges] ¢cemberin merkezinde
olan agiya merkez aci denir.
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Bir cgember yayi 360 es parcaya
boliindiigiinde, bu es parcalardan
birini gdren merkez aginin dlgiisiine 1
derece denir ve 1 derece ile gosterilir.
Tam acimin dlgiisii 360 derecedir.

—" Bir cemberde yaricap ;
uzunluguna esit
uzunluktaki yayi goren d

merkez acginin dlgiisiine
bir radyan denir ve 1R
veya 1 rad ile gosterilir




Haritacilik ve denizcilikte

ozellikle daha kiiciik acilarin
olgtimiinde lkullanihir,

Cember yayi 400 es parcaya
boliindiigiinde bu eg parcalardan
birini gdren merkez aginin
olciisiine 1 grad denir ve 16 ile
gosterilir. Tam agimin dl¢iisii 400
graddir.
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360°=2F4 radyan =400 grad

Derece cinsinden verilmis bir agiyi
radyana gevirebilir miyiz?

sonug R D
7z 180

Derece ile grad arasindaki iliski nedir?
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- _ ™

Odev: Tabloyu doldurunuz.

P “r 1200
o¢

Hepimiz anne-baba
veya kendi kredi
kartimizda benzer semayi
gormiiylizdiir. Yanda bir
kredi kartina gelen
harcamalar gosterilmistir:

Buna gdre gidaya denk gelen acimin Glglsiiniin
radyan karsahig nedir?




1) 7.32 metre uzunlufundaki kalenin orta noktasindan, kale
vzunlugunun yanst wzakhgmda bulinan C ve D nokialarindan
hangisinde gol amma olasihfi daha ynksektir? (Kaleyi gorme
agilanng kiyaslayimiz) )

2) C ve D nokialarindan kaleyi gorme agilarinin radyan derece ve grad
karsilig1 nedir?

Ac1 kavramini ve aci cesitlerini

dgrendik. Simdi acaba bu kavram
vardimiyla asagidaki problemlere
cevap bulabilir miyiz?

1)Everest dadinin yiitksekligini
hesaplayabilir miyim?

2) Bahgedeki bayrak direginin boyunu
hesaplayabilir miyim?

3) Bir gemi radart denizaltinun
konumunu nasi belirler?
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Simdi bu dersimizde

hesaplamak igin bize gerekli
olan ve trlgonometrmm temelml olugturan
kavramlan, :
dgrenecediz.

Dik Uggende Trigonometrik Oranlar

¢ Hipolents
Karg
Dik Kenal
A B
Komsu Dik
Kenar

Bir dik uggende blr dar ag1 ve kenarlar arasinda iligki
vardir.
ifade etmek icin belll
tanlmlayacaﬁlz, Bu oranlara yiizyillar dnce ilk ofarak
yaparken {gezegenler arasi
uzaklik, yorunge hesatn} ihtiyva¢ duyulmustur, Tarihi
bilgilere gbre; bu kavramlan ilk kullananlar
Misliimanlardi. Ornedin  astronomik calismalarda
gegen ceyb kelimesi daha sonradan Latince Kargihds
kullanilarak siniis olarak kaynaklara gegmistir. $imdi
temel trigonometrik oranlarn tammlayalim:
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Siniisat = Karst kenar O Hiporends
Hipoteniis Karst
Dik Kena
Cosiniisa= Komsu kenar
Hipotenils A
Komgu Dik
Cotan@=  Komsu kenar Kenar

Karg1 kenar

Tena = Kargl kenar
Komsu kenar

1
Seca=
cosa
Cosect = 1
sina

1) tan & Cota=1

Deng+eosig=1

Tane=_]
cota

4ot =_1_

fan

Stana=20%

cosa

)cote= Z52
sine
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+ acilarin trigonometrik oranlari
hesaplanabilir. Simdi en gok kuflanilan
araclarin trigonometrik oranlarinin nasi
bulacagimzi 6grenelim2Diger acilar igin
hesaplanis yéntemini daha sonra

yardinmyla Gégrenecegiz.

Eskerar ve ikizepar licgen yardimi ile ..

Sin3 =%
Cos30 = 32
Tan30 = 1I7V3=+3/3
Cotan 30 = 3
Sin 60 = \/3/2

Cos 60

Tan 60 = ?
Cotan 60 = ?

Sin45 =7
Cos45="7
Tan 45 =7
Cotan 45 = ?

Ap F Ap° 43° [

Sm

Tan

cal
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Diger tiim acilar icin de
trigonometrik oranlar
hesaplanabitir. Bunu yaparken
birim gemberden
faydalanacagiz. Bunu sonraki
derslerimizde gorecedgiz,

Tilm acilann trigonometrk
I ETHEN :
yer alir.

Simdi bu bilgiler
1siginda bayrak
problemimize geri
dinelim...

+

Simdi bu 6jrendiklerimizie ilgili baska
problemler ¢ézelim:
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Bir radarin galisma prensibini biliyor musunuz?
Radart ilk kim ne zaman icat etmis?

Radar, gonderdiii radyo dalgalariyla bir objenin yeri ve konurhunu
belirleyen aygittir.

Telsiz, pusula, GPS (Global Positioning System}, altimetre, soner
gibi navigasyon amach kullamibr. ik olarak 1934°te Ingiliz General'in
Alman ugaklarim vurmak icin miihendislerden yer ve konum belirleyen
bir alet istemesi Uzerine icat edilmis ve diinya askeri tarihinin yoninii
sil bagtan dedistirmis ve yeniden yazmistir, Asafidaki iki problem
radarin calisma prensibini basit anlamda agiklamaktaclir:

Deniz - kenarinda 78 e
~ yilkseklikteki konfrol kntesinde
 buliman  bir - ghrevl
. yelkenlinia yutaxlo agistul radat
“Lile 270 lbl.llﬂl\ Glgmilgtiir,. Buna
- frlire \l‘lk(’nllmn Kulénin tLpleur

- mzakligg kag atd -




4+

Denizin dibinden 100 mt
ylikseklikte bulunan bir gemi
radan, diiseyle 40 derecelik agl

altinda gdriilen bir deniz altntn
denizin dibinde oldugunu tespit
etmigtir. Buna gore deniz altimin
radara olan uzaklifi kag
metredir?

Arastirmaci Ali, nehir Xiyi degrultusu ile durduiu yeri kars
tiyidaki heykele birlestiren sanal dogru arasindaki agiyi 30°
olarak Glgmiistiir, ¥iys boyunca 20 m yiiriidiigiinde ise bu
acinin 135 derece oldugunu tespit etmigtir. Bu durumda
Ali'nin ilk durdugu yerin heykele olan uzakhig kag metredir?

H
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+ EMLA

" Emlakgihk meslegiyle ugrasan Ayse,
licgen seklinde bir arsanin krokisini
cizmek ve miisteriler icin diikkaninda
sergilemelk istiyor. Arsamin boyutlar
cok bilylktiir. Ayse'nin dlgme iglemini
en kisa yoldan yapmast icin neleri
bilmesi yeterlidir?

+Teleferiklerin gilvenli olmasi icin teleferik halatinin
yer ile yaptigi a¢1 30 dereceyi gegcmemelidir.
450 metre uzakta 300 metre yikseklige gikmasi
tasarlanan bir teleferik gtivenli midir?
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