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ABSTRACT

PRE-SERVICE ELEMENTARY MATHEMATICS TEACHERS’ VIEWS ABOUT
USING GRAPHING CALCULATORS IN ELEMENTARY SCHOOL ALGEBRA:
THE CASE OF USING CLASSPAD

Kaplan, Merve

M.S., Department of Secondary Science and Mathematics Education
Supervisor: Assist. Prof. Dr. Biilent Cetinkaya
Co-Supervisor: Assoc. Prof. Dr. Ayhan Kiirsat Erbas

December 2010, 187 pages

Mathematics education could and should benefit from technology in order to
improve teaching and learning, particularly in topics where visualizations and
connections to other concepts are needed. Handheld technologies such as graphing
calculators can provide students with visualization, confirmation and exploration of
problems and concepts they are learning. Handheld graphing technologies have been
taken place widely in elementary and secondary level mathematics courses and
considered to be beneficial in various means in mathematics education. Mathematics
teachers have a crucial role in the use of GCs in mathematics classrooms. Therefore,
pre-service teachers’ use of GCs and their views on the use of the tool in
mathematics learning are considered to be valuable.

The purpose of this study was to investigate the difficulties pre-service
elementary mathematics teachers face, and the benefits and constraints they
emphasize while learning elementary school algebra through using the Casio
Classpad after receiving an instruction with graphing calculators. The graphing

calculator used in the present study is the Casio Classpad 330, which is an evolved



handheld device combining features of graphing calculators, dynamic geometry
environment, computer algebra systems and more.

The following two research problems guided the study: What are the
difficulties do pre-service elementary mathematics teachers face while using
Classpad in learning elementary school algebra after receiving an instruction with
graphing calculators? What benefits and constraints do pre-service elementary
mathematics teachers emphasize while learning elementary school algebra through
using Classpad after receiving an instruction with graphing calculators?

With the aim of investigating the views of a group of pre-service elementary
mathematics teachers, qualitative research strategies were used. The data was
collected and analyzed by means of a case study design. Classroom observations, a
questionnaire, and focus group interviews were the main data sources of the existing
study. The study was carried out with 21 pre-service elementary mathematics
teachers. In the classroom studies elementary level algebra was taught to the
participants with the use of Classpad as a main tool by giving one tool to each of the
participants. Classroom observations ended in five weeks — 20 courses — including
one week of a training period. After the classroom observations, participants filled
out a questionnaire including five open-ended questions about the classroom studies.
Finally, data collection procedure was ended with three focus group interviews. The
data was analyzed with qualitative means by transcribing and analyzing the
observation records, answers of the questionnaire, and records of the three
interviews.

Results revealed that pre-service teachers’ view Classpad in three categories;
as a personal tool, as an educational tool, and the relationship between CP and
motivation. They viewed CP as a personal tool that they were eager to use the tool in
every level of mathematics from elementary to mastering degrees. As an educational
tool, they preferred to use the tool as a teacher by giving some cautions that teachers
and students should be careful with. Lastly, they considered that the tool has a

positive effect on motivation when used appropriately. Pre-service elementary



mathematics teachers faced some difficulties in the beginning courses of the
classroom studies which was their learning period of how to use CP and they
overcome most of the difficulties at the end of the classroom studies. As the new
elementary school level mathematics curriculum encourages the use of various
technologies in teaching and learning of mathematics, the results of this study will

have useful implications for mathematics teachers and curriculum developers.

Keywords: Graphing calculators, Casio Classpad, technology integrations, algebra,

elementary mathematics education.
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ILKOGRETIM MATEMATIK OGRETMENLIGI OGRETMEN ADAYLARININ
ILKOGRETIM CEBIR ALANINDA GRAFIK HESAP MAKINESI KULLANIMI
ILE ILGILI GORUSLERI: CLASSPAD ORNEGI

Kaplan, Merve

Y. Lisans, Ortadgretim Fen ve Matematik Alanlar1 Egitimi Boliimii
Tez Yoneticisi: Yrd. Dog. Dr. Biilent Cetinkaya
Ortak Tez Yoneticisi: Dog. Dr. Ayhan Kiirsat Erbag

Aralik 2010, 187 sayfa

Ogretim ve Ogrenimin gelismesi icin, dzellikle gorsellestirmeye ve diger
kavramlara baglantt kurmaya ihtiyag duyulan konularda matematik egitimi
teknolojiden faydalanmalidir. Grafik hesap makineleri gibi elde tasmabilir
teknolojiler, 6grencilere 6grenmekte olduklar1 problemler ve kavramlarda gorsellik,
onaylama ve kesfetme imkanlarin1 saglayabilir. Elde tagmabilir grafik teknolojileri,
ilkdgretim ve ortadgretim matematik derslerinde genis olarak yer almaktadir ve
matematik egitiminde bircok yonden yararli olarak goriilmektedir. Matematik
ogretmenleri, matematik derslerinde grafik hesap makinesi kullaniminda 6nemli rol
iistlenmektedirler. Bundan dolayi, 6gretmen adaylarmin grafik hesap makinesi
kullanim1 ve matematik 6grenimindeki kullanimi hakkindaki goriisleri 6nemli olarak
gorilmektedir.

Bu c¢aligmanin amaci, ilkdgretim matematik Ogretmenligi Ogretmen

adaylarimin grafik hesap makinesi kullanimi ile ilgili egitim aldiktan sonra Casio

vii



Classpad kullanilan cebir O6grenim siirecinde karsilastiklar1  zorluklar1  ve
vurguladiklar1 faydalar1 ve siirliliklart incelemektir. Bu ¢alismada, elde taginabilen
gelismis bir arag olan ve grafik hesap makinelerinin 6zelliklerini birlestiren Casio
Classpad 330 grafik hesap makinesi kullanilmustur.

Bu calismaya rehberlik eden iki arastirma sorusu sunlardir: Grafik hesap
makineleri hakkinda egitim aldiktan sonra, ilkogretim matematik Ogretmenligi
ogretmen adaylar1 Casio Classpad 330 kullanarak oOgrendikleri ilkdgretim cebir
dersinde ne gibi zorluklarla karsilasmistir? Grafik hesap makineleri hakkinda egitim
aldiktan sonra, ilkogretim matematik Ogretmenligi Ogretmen adaylarinin Casio
Classpad 330 kullanarak &grendikleri ilkdgretim cebir dersinde karsilastiklar:
faydalar ve kisitlamalar nelerdir?

[Ikogretim matematik 6gretmenligi 6gretmen adaylarinin goriislerini almak
amaciyla, nitel arastirma yontemleri kullanilmistir. Veriler toplandiktan sonra durum
calismasi yapilarak analiz edilmistir. Simif gozlemleri, anketler ve odak grup
goriigmeleri  caligmanin  verilerini  olusturmaktadir. Calismanin  katilimcilar
ilk6gretim matematik 6gretmenligi boliimiinden 21 6gretmen adayidir. Simif ici
calismada 6gretmen adaylarina ilkdgretim diizeyinde cebir konulari, Casio Classpad
330 kullanilarak ogretilmistir. Smif ici egitimlere katilan her 6gretmen adayma bir
Casio Classpad 330 temin edilmistir. Sinif i¢i gozlemler bir haftas1 grafik hesap
makineleri egitimi olmak iizere 5 hafta ve 20 ders saatlik siireden olugsmaktadir. Sinif
i¢ci gozlemlerden sonra katilimcilar, sinif ici egitimlerle ilgili bes agik uclu sorudan
olusan bir anketi cevaplandirmistir. Son olarak, veri toplama, ii¢ odak grup
goriismesi yapilarak sona erdirilmistir. Veriler kayitlarin gdzlenmesi ve yaziya
aktarilmasi, anketlerden elde edilen sonuglar ve odak grup goriismelerinin
incelenmesi ile analiz edilmistir.

Ogretmen adaylarindan elde edilen verilere gdre arastirmanin sonuglari
Classpad’i ii¢ kategoride tanimlamaktadir: kisisel bir ara¢ olarak CP, egitsel bir arag
olarak CP ve CP ile motivasyon arasindaki iliski. Ogretmen adaylari, grafik hesap

makinelerinin ilkogretimden yiiksek lisansa her seviyede kullanilabilecek kisisel bir
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ara¢ olarak, bazi egitsel uyarilar dogrultusunda 6gretmen olarak kullanabilecekleri
egitsel bir arag ve dogru kullanildiginda motivasyon {izerinde olumlu etki yaratan
motive edici bir ara¢ olarak tamimlamislardir. ilkdgretim matematik dgretmenligi
Ogretmen adaylar1 siif i¢i egitimlerinin basinda Casio Classpad 330’un kullanimiyla
ilgili baz1 zorluklarla karsilagsmig; fakat egitimlerin sonunda zorluklarin hepsinin
istesinden gelmislerdir. Farkli teknolojilerin kullanimini tesvik eden yeni ilkdgretim
matematik programi dogrultusunda, bu c¢alismanin matematik Ogretmenleri ve

program gelistirme uzmanlari i¢in faydali olacag: diisiiniilmektedir.

Anahtar Kelimeler: Grafik hesap makineleri, Casio Classpad 330, teknoloji

entegrasyonu, cebir, ilkogretim matematik egitimi.
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CHAPTER 1

INTRODUCTION

Handheld graphing technology has been a frequently used technological tool
in mathematics education for the last three decades since the instructional tools such
as calculators, GCs, information and communication technologies and educational
computer programs have been developed (Aydm, 2005; Ersoy, 1997, 2001, 2005;
Burrill et al., 2002; Kastberg & Leatham, 2005). When the use of GCs in the various
world education systems is considered, in the USA (Keller & Hirsch, 1998; NCTM,
2000; Thompson & Senk, 2001), in Europe (Guin & Trouche, 1998; Hennessy,
Fung, & Scanlon, 2001; Ruthven, 1990) especially in Britain and France, and in
Australia (Boers & Jones, 1994; Forster & Mueller, 2001; Forster & Taylor, 2000;
Mitchelmore & Cavanagh, 2000) they are being frequently used in undergraduate
and pre-college mathematics education since that time.

There are various reasons why handheld graphing technologies have had a
permanent place in mathematics education. One of the reasons is that, since GCs
have been produced, they are getting cheaper, more useful, portable, convenient,
practical, handy, manageable, available, and more functional (Doerr & Zangor, 2000;
Kissane, 1995). Mitchelmore and Cavanagh (2000) confirmed this idea as follows:

“GCs were first developed in the mid 1980s and since that time have become
steadily cheaper, user-friendlier, and more powerful” (p.254).

Furthermore, GCs are accepted and proved to be devices that provide
opportunities in exploring, investigating and discovering mathematics (Hennessy et
al., 2001; Ozgiin-Koca, 2009). Moreover, there is considerable number of studies

which found evidence that technology use enhance students’ conceptual



understanding of mathematics (Burrill et al., 2002; Doerr & Zangor, 2000; Ozgiin-
Koca, 2009). Yet, integrating technology in a traditional curriculum needs some
steps to achieve in terms of the teachers’ and students’ use of GCs. Teachers and
students pass through some stages of adapting GCs into mathematics and developing
teaching skills and abilities, replacing traditional paper-pencil problem solving habits
by GCs. Although the views of the students who are the users of the GCs are
important, teachers’ ideas are also worth considering as teachers have a crucial role
in the use of GCs in mathematics education (Heller and Curtis, 2005; Kissane, 2002,
2003; Laumakis & Herman, 2008; NCTM, 2003).

GC use is very common in secondary and high school education in the United
States (Doerr & Zangor, 2000) where the frequency of the usage differs between the
states. In some of them GCs are used both in the classrooms and state assessments
whereas in others GCs are used only in classrooms during teaching and learning
process.

When compared to the United States, the implementation of the GC use in
Turkish Mathematics Education Curriculum is perceived as difficult and unnecessary
for both students and teachers (Ersoy, 2005). However, new Turkish Elementary and
Secondary Mathematics Education Curriculums emphasize technology use more than
the previous curriculum (MEB, 2007). For example, in elementary school
curriculum, it is suggested to use calculators in calculations. In addition, it is
mentioned that students can develop reasoning and creative thinking skills rather
than spending their time in long calculations. The use of technological tools is among
the aims of the new curriculum, especially in fields such as physics, chemistry, and
mathematics. In the new mathematics curriculum, the importance and role given to
technology can be recognized easily by looking at the mathematical activities at
which technological tools such as calculators are used as the main tools (MEB,
2007). Among the technological tools, handheld GCs are rarely used in Turkey, only
in some public schools that are chosen as pilot schools and in some private schools.
The technological tools such as GCs can take their place in education with the
collaboration of researchers, curriculum developers, teachers, and students for



implementation of GCs in pre-college level mathematical subjects (Burrill, et al.,
2002; Ersoy, 2005). Although some curriculum developers and mathematics
educators doubt that adapting GCs into mathematics curricula in some grades can
cause problems, previous research shows that problems can be faced by educating
teachers’ and students’ effective use of the GCs (Burrill et. al., 2002; Ersoy, 2003;
Heller and Curtis, 2005; Hennessy et. al., 2001).

There is not much research in the area of implementing GCs into mathematics
education regarding the mathematical subjects in Turkish Mathematics Education
Curriculum is very rare (Ersoy, 1994; 2000) when compared to the educational
researches in other countries such as the United States of America and England. As it
is a new step and a different view for mathematics education in Turkey, teachers
should be informed and trained, students’ use of the GCs should be observed and the
mathematics curriculum should be revised accordingly (Baki & Celik, 2005).
Obtaining the views of in-service teachers, pre-service teachers and students about
the process, by examining the needs, complains and advantages they express will
provide important data to improve the implementation of GCs in mathematics
education.

As the basic learning of mathematics takes place in elementary, middle and
secondary levels, the studies are generally around the elementary and secondary
school students and teachers. There are many studies on learning the basic concepts
in mathematics such as functions, algebra, and calculus with the use of a GC in pre-
college level. Among the mathematical subjects, algebra is considered as one of the
basic subjects to develop upper level mathematics such as calculus. Several studies
show that students have difficulties in learning algebraic concepts. Hence,
achievement in algebra is low in pre-college level (Dahland & Lingefjard; 1996;
Forster & Mueller, 2001; Graham & Thomas, 2000; Huntley et. al., 2000). The fact
of algebra being a problematic area in mathematics education, leads to create new
teaching methods for the students to show better performance in algebra. In this
point, the possible benefits of technology are worth to be considered. These benefits
in terms of a GC can be listed as visualization, multiple representations,



transformation, and computation (Doerr & Zangor, 2000; Forster & Mueller, 2001;
Hennessy et al., 2001; Ozgiin-Koca, 2009). In fact, identifying algebraic expressions
with visual expressions such as relating equations with graphics and figures is
specified in Turkish Elementary Mathematics Education Curriculum (MEB, 2007).
Algebraic expressions and equations are suggested to be thought with using multiple
representations approach in order to provide connection between symbols, graphs,
value tables, and algebraic expressions. In addition, GCs are the suggested tools to be
used in the teaching of algebra, as they include applications related with multiple
representations approach (MEB, 2007).

It is evident that teachers” views on the use of handheld graphing
technologies in teaching and learning mathematics influence their use of technology
in mathematics classrooms (Brinkerhoff, 2006; Ersoy & Baki, 2004; Ozgiin-Koca,
2009; Thompson, 1992). In the previous studies it was found that views of pre-
service and in-service teachers on the use of GCs in mathematics instruction differs
according to their past experiences with technology. Teachers’ views on the benefits
of GCs develop according to their use of the tool. In other words, teachers who gain
experience with a GC more, believe its effectiveness on learning and construction of
mathematical concepts more (Mason, 2010). Teachers having little or no experience
with technology develop negative views about the use of GCs in mathematics
education (Johnson, 2008; Mason, 2010). Considering the gaps in the literature, more
studies investigating the views of pre-service teachers are needed to enlighten the
needs about, necessary developments in and benefits of the use of GCs in
mathematics education. This study intended to enlighten the research area on GCs by
investigating pre-service elementary mathematics teachers’ use of a qualified
handheld technological tool — Casio Classpad (CP) — in learning and teaching

algebra.

1.1 Purpose of the Study
A review of research studies and reports show the need for pre-service

teachers to have the basic information on the use of handheld graphing technologies



(NCTM, 2000; Ozgiin-Koca, 2009; Ersoy & Baki, 2004). This can come true by
providing them the knowledge and competent experience on the use of technology
during their university education (Ersoy, 2003, 2006; Ersoy & Baki, 2004). The
focus of the present study was to investigate the views and experiences of pre-service
elementary mathematics teachers about using Classpad in learning algebra. In order
to describe how pre-service elementary mathematics teachers perceive functions of a
GC as an instructional tool, their use of GC, particularly the Casio Classpad, in the
learning of algebra was investigated. Furthermore, it was aimed to explain how pre-
service elementary mathematics teachers enhance mathematical meaning while
working on elementary school level algebra tasks during a 5-week classroom-based
study. In addition, at the end of the study, pre-service teachers’ views on their
experiences with the GC as an instructional tool in mathematics education and on the

facilities and difficulties of using GCs were also aimed to be investigated.

1.2 Research Questions

The following research questions guided this study:

1. What are the difficulties do pre-service elementary mathematics teachers face
while using Classpad in learning elementary school algebra after receiving an

instruction with graphing calculators?

2. What benefits and constraints do pre-service elementary mathematics teachers
emphasize while learning elementary school algebra through using Classpad after

receiving an instruction with graphing calculators?

1.3 Significance of the Research

Investigating the pre-service and in-service teachers’ attitudes and views in
terms of using technology has been a common interest of a large number of
educational researchers (Burrill et al., 2002; Dunkin, 1996; Ersoy & Baki, 2004;
NCTM, 2000; Ozgiin-Koca, 2009). This study intends to focus deeply on the process

of pre-service elementary mathematics teachers’ use of a GC and on their views



which would present a different point of view about the GC use in mathematics
classrooms for curriculum developers and teachers. In addition, investigating the
advantages, facilities, obstacles and constraints that pre-service elementary
mathematics teachers face in the learning of algebra by using Classpad, can provide
important data and considerable results about how and why students should or should
not use GCs in a specific mathematics subject. Namely, by mentioning the
advantages, facilities, obstacles and constraints; the GCs’ functions, menus, content,
appropriateness with mathematical subjects, operating the tool and ease of usage are
considered. Considering the reasons mentioned above, by giving detailed
information about the GC usage processes of a group of pre-service elementary
mathematics teachers, the results of the present study can be a guide for curriculum
developers and teachers who are willing to adapt GCs into teaching of mathematics.

In Turkey information and communication technologies (ICT) are used in
courses such as mathematics and physics in some private schools. The difficulties
and effects of these applications can be helpful to develop an appropriate policy in
favor of Turkey (Ersoy, 2007). In the reviewed literature, findings all meet at some
main headlines which are the positive effects of GCs on student success and
students’ mathematical attainment with the help of GCs (e.g., creating visual
understanding, raise in problem solving skills, higher achievement scores, better
understanding of mathematical concepts) (Burrill et al., 2002). This study reveals
how pre-service elementary mathematics teachers response in a lesson where the
main tool is a GC and what they think after they learn algebra with the use of a
technological tool instead of usual traditional approaches.

Algebra is chosen as the mathematical subject in this study since, when
compared to other mathematical subjects, there are only a few studies on teaching
and learning elementary school level algebra with the use of a GC (Burrill et al.,
2002). Algebra is considered as a fundamental mathematical subject (NCTM, 2001;
MEB, 2007) and it is a problematic area in mathematics education in terms of
cumbersome calculations, drawing graphs, algebraic, making sense of the
relationship between numerical and graphical representations (Drijvers & Doorman,



1996; Thompson & Senk, 2001; Westbury, 1992). Moreover, when GCs are used in
the teaching of functions and variables, in solving algebra problems and interpreting
graphs, students have a better understanding of the concepts related with those
subjects (Graham & Thomas, 2000; Hollar & Norwood, 1999; Huntley et al., 2000;
Quesada & Maxwell, 1994). Hence, because the use of GCs results in increase in the
achievement level of algebra, mathematics teachers can benefit from the features of
GCs such as mediating graphing activities, visualization, multiple representations,
easy computation, and transformation (Hennessy et al., 2001; Ozgiin-Koca, 2009) in
teaching and learning of algebra.

By providing data about the use of GCs in learning algebra with the first year
pre-service elementary mathematics teachers whom will be the future teachers, the
current study extend the studies which focus on elementary grade mathematics
education with handheld graphing technologies. University education should provide
pre-service teachers the opportunity to explore the role technology can play in
helping them achieve their instructional goals; learn mathematics with a technology
integrated program (Doerr & Zangor, 2000; Ozgiin-Koca, 2009). If they construct
mathematical concepts in the courses engaged with GCs, they would see the benefits
of technology in their education and they would be able to reflect these benefits
when they become teachers. This would lead them to use technological tools such as
GCs in the teaching of mathematics. To experience the role of technology in
mathematics education more, technological tools should be integrated to university
courses starting from the first year. Yet, first year students do not have technological
pedagogical content knowledge (Koehler & Mishra, 2005; Niess, 2005, 2006, 2007;
Ozgiin-Koca, 2009). They have not built a view on the significance of using GCs in
mathematics education. They have not attended to any course related with GC use in
mathematics; do not have any experience. Hence, they do not have any positive or
negative view about GC integrated mathematics education. Not only having no
experience in GC use in mathematics education; they also do not have any
pedagogical knowledge regarding that. Their first experience in the mentioned areas
was gained in the classroom studies conducted in the present study. Therefore, their



views, suggestions and evaluation on the use of GCs in a specific subject, which is
elementary grade algebra learning area in this study, is considered to be valuable.
Being a qualitative study, this research makes a closer look into pre-service
teachers’ views about the use of a tool which is new for them in mathematics
education by investigating their GC usage process. In addition, after they experience
the learning and teaching process of a mathematical subject by having access to GCs,
their detailed views of the process is intended to provide in depth information for
teachers who are willing to adapt this new technology — the Classpad — into their
classrooms for mathematics education. In addition, this study includes detailed
lesson plans where the Classpad takes place as the main tool. Since algebra has a
broad content, elementary school level algebra, covering grades 6, 7, and 8, is in the
focus of the lesson plans of the present study. These plans are meticulously prepared
examples for elementary school mathematics teachers. In addition, the results of the
present study provides additional findings about the facilities and difficulties of a
technologically equipped GC — the Classpad — which can be used to guide the

developers of graphing technology supported tools for their future productions.



CHAPTER 2

LITERATURE REVIEW

In this chapter, the literature on the issues related to integration of GCs into
mathematics instruction is reviewed. This chapter contains four groups of studies.
First group of the studies investigates the GC use in teaching several mathematics
subjects such as, functions, graphing, and algebra. Second group focuses on teachers’
GC use in mathematics education. In the third group, studies related with the effect
of GCs on students’ learning of mathematical concepts in pre-college level are
reviewed. In the last group of studies, the role of GCs in algebra is reported in the
light of the related studies.

2.1 Graphing Calculators In Mathematics Education

Educators and researchers all over the world are heading towards change in
teaching methods that have been used for years and no longer considered as effective
in education (Burrill, et al., 2002; Ersoy, 2005; NCTM, 2000; Robutti, 2009).
Among the different methods and techniques used in mathematics education, use of
technology as an instructional tool is considered to be effective in learning (Doerr &
Zangor, 2000; Ersoy, 2005; Kastberg & Leatham, 2005). Technological tools such as
spreadsheets, GCs, dynamic graphing tools, computer algebra systems, dynamic
statistical packages, data collection devices and, presentation software are considered
as essential tools to be used teaching and learning mathematics (NCTM, 2003).
Handheld GCs are considered to be useful and preferred tools in mathematics

education (Ersoy, 2005; Mitchelmore & Cavanagh, 2000) for several reasons such as



being portable, manageable, available and functional (Doerr & Zangor, 2000;
Kissane, 1995).

In mathematics education, mathematics teachers and educational researchers
search ways to improve the students’ understanding of mathematics by creating
opportunities for interactions between the teacher and the student and among
students. GCs, when used as an instructional tool, generates interaction between the
students and the teacher and among students, which thereby increases mathematical
learning (Drjvers & Doorman, 1996; Harskamp, Suhre, & Streun, 1998; Robultti,
2009).

In his study Ruthven (1990) focused on the effect of graphing technology use
on students’ understanding of mathematics by focusing on symbolization and
interpretation items where students draw meaning from graphs and express them by
using algebraic descriptions. In the study, it was found that if it is used in appropriate
parts of the lesson, graphing technology would be beneficial for students’
mathematical gains. Teachers are the decision makers of where and in which subjects
the use of GCs will be effective for effective learning and teaching of mathematics.
Heller and Curtis (2005) support GC use when needed, when teachers find it
appropriate to use as an instructional tool during mathematics courses. In their study,
some students had limited access to GCs in selected subjects that were generally
suggested to be taught by GCs in the curriculum. Students who had limited access to
GCs had higher marks from the achievement tests than the students who had full
time access to GCs in all subjects during the lessons. The result shows that the
limited and appropriate use of GCs provides more achievement than the full time use
of GCs. In a study, Doerr and Zangor (2000) investigated a pre-calculus teacher and
her students in two different classes in terms of their views on technology, use of GC
and the roles they assigned to GCs. Similarly, Doerr and Zangor (2000) specified the
use of GCs in mathematics courses such as “the calculator did not become a source
of mathematical authority in the classroom” (p. 159).

A misunderstanding and prejudice about GCs is that GCs are the tools that
only sketch graphs needing no mathematical knowledge of the user and there will be
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no development in students’ understanding by the use of GCs in mathematics
education (Ersoy, 2003). Heller and Curtis’s (2005) study is a counter example to
this understanding. Students were not allowed to use any graphing technology during
the end-of-course achievement tests which shows that although GCs were used
frequently during the instruction, students gained basic algebraic skills well enough
to get high marks in the achievement tests without using a GC. In another study,
Robutti (2009) observed students working on modeling activities by using GCs and
connectivity software at secondary school level. Students’ construction of
mathematical meanings was observed in a classroom environment. The results were
classified into two; for the times students worked in groups with the connectivity
software and the times they worked as individuals by their own GCs. GC was served
as a private tool whereas connectivity software as a public tool. Having formed an
environment both with GCs and connectivity software, the researcher observed signs
in construction of knowledge where the latter provided social interaction leading a
way to learning community. This multi modal design, that provides connectivity
software use and GC use at the same time, is found efficient in terms of
mathematical gains of the students.

Hennessy, Fung, and Scanlon (2001) conducted an interpretive study
including a case study following a survey about the roles of GCs in mediating
graphing activity. It was found that open-university students showed positive attitude
on calculator integrated mathematics. Visualization, immediate feedback and less-
time consuming were mentioned as the advantages of the calculators. Similarly,
Ozgiin-Koca (2009) investigated the roles of GCs in the study conducted with pre-
service secondary mathematics teachers on the use of calculators in mathematics
instruction. The mentioned roles of GCs were visualization, transformation,
computation, and data collection and analysis. The common outcome of the studies
on the roles of GCs in mathematics education indicate that visualization feature of
the GCs provide better understanding in the abstract concepts of mathematics.

Moreover, in the studies mentioned above, quick computation facility and easy
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sketching of the graphs provides increase in achievement in mathematics and saving
time.

To strengthen the effects of GC use in education, Heller and Curtis (2005)
conducted a study in a control group and experimental group design, in which all the
students participated to the study used the same book during the instruction process.
To omit the effect of the variations in the instructional context, the study was
conducted during one academic year in Algebra I course which was considered as
the basic course for learning advanced algebra skills in the future. The study
investigated the factors in a classroom environment that changes the impact of using
GCs on students’ achievement in the selected algebra course. Participants were 11
teachers and 458 high school students of 21 class sections from four suburban
schools in Oregon and Kansas. An end-of-course test —three parts measuring algebra
knowledge and skills- and two teacher surveys —teacher background survey and
classroom survey- were the data sources of the mixed method design. Three main
results were drawn from the analysis of the data. Firstly, having more access to
graphing technology increases students’ achievement in Algebra I course. Secondly,
test results of the students who were taught by a teacher that was trained in GC or
computerized graphing technology use are higher than the test results of the students
whose teachers were self taught in using graphing technology. Finally, students
whose teachers were more experienced with the textbook got higher marks in the

achievement tests.
2.2 Teachers’ Use of Graphing Calculators in Mathematics Education

For curriculum developers, students are in the focus when GCs are the matter
of subject. In other words, they ignore the need for teachers to improve GC usage
skills (Kissane, 2002). Mathematics teachers need development in terms of using
GCs professionally in order to manage a classroom (Kissane, 2003), to guide and
help students easily in every problematic situation that students pass through in
experiencing with GCs. In addition, teachers should be well equipped with all the
features of a GC to be able to create any activity with ease during a lesson and so for
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the curriculum. In NCTM (2003) program standards for middle level mathematics
teachers, use of technology is mentioned in the standards for initial preparation of
mathematics teachers. It is expected form teacher candidates to be able to choose the
appropriate technological tool such as spreadsheets, GCs, dynamic graphing tools,
computer algebra systems, dynamic statistical packages, data collection devices and,
presentation software to be used in the teaching and learning of every mathematics
subject (NCTM, 2003). In order to meet the expectations of a qualified teacher in
terms of using technological tools effectively, they should be provided the
opportunity to explore the use of such technological tools in their educational life
and see where and how technology helps them (Burrill, et al., 2002).

Kissane (2003) offers a theoretical model for teachers to progress in
integrating technology in practical use appropriately. There are four stages of the
model where each stage follows the other continuously. By passing first three stages
(“Where is the ON Button?”, “Black Line Mastery”, “Routine Use” respectively)
successfully, a teacher approaches to a professional stage called “What is in the
Curriculum?” where GCs becomes a part of his/her daily use in education. It is
evident in the literature that trained teachers in the use of GC and other
technological tools use the tools more efficiently in the teaching of mathematics
(Heller & Curtis, 2005; Ruthven, 1990).

A study (Laumakis & Herman, 2008) investigated the effect of a workshop
called Increasing Achievement on Algebra Assessment (IAAA) for high school
teachers on student performance where teachers use the TI1-83 Plus handheld GC
during the activities. Teachers used GC techniques that they had been learning in the
workshop in their classrooms during a school year. There were two groups of
students, one of the groups was thought by the teachers attended to IAAA workshop
using GCs and the other group was thought by traditionally in a non-calculator
environment. They got annual statewide testing. In the assessment part it was seen
that the group of students thought by trained teachers had better scores that the other
group. Similar to Laumakis and Herman (2008), Heller and Curtis (2005) found that
algebraic test results of the high school students who were taught by a teacher that
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was trained in GC or computerized graphing technology use were higher than the
test results of the students whose teachers were self taught in using graphing
technology.

If GCs are to be used in the mathematics classrooms, teachers will be
involved in students’ learning period of how to use those tools and help them in any
obstacle they face. In addition to helping the students learn how to use the GCs,
teachers need to prepare instructional tasks which can be carried out with calculator
use. Therefore, in order to be effective in guidance of the students in the use of GCs
and in preparing GC integrated lesson plans, teachers need to be experienced in
handheld graphing technology use before they enter classrooms. In a comprehensive
review of the research on handheld graphing technology in secondary mathematics
instruction (Burrill et al., 2002), teacher training on the use of GCs is also
emphasized.

“If change is desired, teachers need professional development that will help
them feel knowledgeable about technology and that focuses beyond the
functionality of the tool to incorporate the technology as a means of meeting
mathematics learning goals.” (p. vii)

In the handbook (Burrill et al., 2002), after reporting a comprehensive review
of literature in the area of GC integrated mathematics education, researchers
recommended to study on pre-service teachers’ views about the use of handheld
graphing technology and how they would choose to use it in their classrooms.
Teachers should be experienced enough to prepare lesson designs where they will
make more benefit and effective use of technology. Confirming this claim, Li (2000)
remarked that it is an important issue that pre-service teachers should learn the use of
technological tools professionally in order to use them effectively in their classrooms
when they become teachers. In similar, Ersoy (2006) suggests that pre-service
teachers should be provided with the opportunity to gain experience, skills and
knowledge in using GCs in the university courses such as teaching techniques and
teaching practice. In these courses, pre-service mathematics teachers can gain

experience while preparing GC supported tasks for elementary or secondary levels.
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The studies, conducted in Turkey, about pre-service and in-service
mathematics teachers’ views about the use of GCs in teaching and learning
mathematics are worth considering for the aim of this study. In Turkey, if GCs are to
be used in schools to enhance mathematical learning, as it is in other countries
mentioned above, teachers will be the guides of the effective use of technology who
will decide why, when, how and where the GCs will be used. Therefore, as in other
countries, pre-service mathematics teachers should be equipped with principal
knowledge and skills to gain competence in using GCs confidently in mathematics
courses and to be able to manage the GC adapted learning and teaching period. In
order to provide teachers with these skills, they should be provided some experiences
and opportunities during university education when they are pre-service teachers
(Ersoy, 2006).

A reform in education can not take place by only providing teachers with
GCs to be used in mathematics courses (Baki & Celik, 2005). In order to adapt a
new technology in education, teachers’ views on the benefits of that technology are
important (Ozgiin-Koca, 2010). Baki and Celik (2005) conducted a study that focus
on mathematics teachers’ views on GC use in mathematics courses, especially in
geometrical subjects. 14 mathematics teachers were introduced with a type of GC
(T1-92) in GC integrated tasks and the process was observed. Two interviews were
conducted before and after the study. In the interviews conducted before the study, it
was seen that none of the teacher were aware of a technology called GC. Moreover,
teachers believed that if students learn mathematics with the use of GCs, they would
depend on the calculator and lack calculation skills. On the other hand, in the post
interviews, teachers mentioned that GCs would be beneficial in terms of increasing
students’ interest and enhance active involvement in courses; therefore GCs would
provide effective and permanent learning. Except 4 of the teachers, others believed
GCs will encourage students to investigate mathematical concepts. Similar results
were obtained from a study (Ozgiin-Koca, 2010) conducted with prospective
secondary mathematics teachers who were not aware of the instructional material

Computer Algebra Systems (CAS) used in the study. Prospective teachers’ views on
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the use of advanced calculators with CAS in algebra instruction were investigated.
Before the study, teachers did not believe on any kind of use of the technological tool
— CAS in algebra learning. After prospective teachers experienced CAS in algebra
instruction, they shared the idea that students would be dependent on the calculator
and can not develop skills. In addition, they expressed that CAS technology would
be used after students gain some basic skills. It was reported that they were eager to
own a calculator to use in their courses at university.

Johnson (2008) investigated the beliefs of 210 pre-service elementary
teachers on the use of basic calculators in mathematics instruction. Many pre-service
elementary teachers were opposed to the idea of using calculators in mathematics
courses. The sources of their beliefs was found to be that they did not use calculators
or other technological tools in their own elementary education in the past. The other
reason was that they were uncomfortable in using calculators because they had little
experience with calculators. Other teachers believed that calculators and other
technological tools would enhance learning therefore should be used in mathematics
instruction. However, they also added the use of the calculator should be controlled
by the teacher in order prevent students depending on the calculators more than
necessary. The additional result which was also mentioned in the previous studies
that the introductory course that introduced calculators and included training period
for pre-service teachers had positive effect on their views in terms of using
calculators. Similar results were obtained from the study that Mason (2010)
conducted with secondary mathematics teachers. Views of the teachers pointed that
students’ learning of mathematical concepts would increase with the use of
calculators in mathematics instruction. Whereas, teachers doubt whether students
lose basic skills if they depend on the calculator excessively. The crucial result
derived from the study was that teachers should be prepared to teach in a technology-
integrated environment with support and knowledge regarding calculators. In
addition,

When the common results of these studies are considered, investigating the

views of teachers and pre-service teachers reveal a crucial outcome that teachers
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should have the opportunity to use of technology in mathematics education. Pre-
service teachers should be provided with environments to experience technological
tool particularly GCs to develop an understanding on the use of GCs in mathematics
education (Johnson, 2008; Mason, 2010). Moreover, it was evident in the above
mentioned studies that pre-service and in-service teachers’ views effect their use of
technology. Therefore, their views are worth to consider before and after they meet

and experience with technological tools.

2.3 Graphing Calculators and Pre-College Level Students’ Learning of

Mathematics

Technological productions develop faster and technology takes place more
than the previous years in mathematics education all over the world. Among the
technological tools GCs gain importance in mathematics education. With the help of
calculators students are having the opportunity to work on real life problems
(Drijvers & Doorman, 1996; Huntley, Rasmussen, Villarubi, Sangtong, & Fey,
2000).

In a comprehensive review on the relationship between the use of handheld
GCs and mathematical achievement (Burrill, et al., 2002), GCs enhance learning,
conceptual understanding and thus, achievement of pre-college level students.

In Turkish Elementary Mathematics Education Curriculum (MEB, 2007) it is
suggested to use calculators in calculations and by referring to the time that students
spend in long calculations, they can rather use that time to develop reasoning and
creative thinking skills. As Ersoy (2005) mentions “technology is the most powerful
force for curriculum influence today” and use of calculators and GCs in teaching and
learning mathematics “is a reform movement” (p.1).

A modal was suggested by Mesa (2008) as the result of her study that
provides conducting research about explaining the effects of technology in learning
and instruction. Mesa (2008) investigated three combined fields: the strategies
students choose as they solve problems on functions, differences between these

strategies when GC is present or not and the role of the GC in the solution process.
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Two problems were taken from a problem book on pre-calculus where all the
problems were formed after a study on the effects of GCs on pre-calculus course.
Problems were about symbolic representations of functions with parameters for the
coefficients of the independent variable and graphs of polynomial functions. The
problem set including two questions was prepared in two versions. In the first one,
GC use was permitted for the first problem but not for the second one. In the second
version, the conditions were reversed. The reason for this was to contrast the solution
processes of problems when GC was used and not. Participants were 4 pairs of
students majoring in secondary mathematics education. Researcher gave 9 problems
to the class and selected the participants according to their willingness to use the
calculator. Students offered different solutions to the questions and their participation
to the class activities varied. T1-82, the GC produced by Texas Instruments, was used
in the study. Participants’ views on the problems and on teaching mathematics with
GCs were gathered by a short interview. 8 protocols were obtained from the problem
solving sessions — one protocol from each student. Data gathered from the videotapes
of the sessions and researcher’s field notes combined with the interview protocol.
Mesa (2008) reported that students used the GC to compute their answers and to test
their guesses on the coefficients of the equation they wrote for the given graphs.
Presence or absence of the GC did not reveal any importance in the overall outcomes
when the participants’ problem solving strategies were considered. Another result
that can be considered as an advantage of the tool was that students had the
opportunity to test more functions in the same amount of time that they worked for
the question. In addition to this, Mesa (2008) pointed out that GC filled the gap
occurred from the lack of knowledge of connecting symbolic and graphical
representations.

GCs are used as instructional tools in mathematics courses of most of the
schools in the United States. According to the survey outcomes of College Board
commission regarding high schools, the need and active use of GCs is reported to be
in 87% of the mathematics classes (Dion, Harvey, Jackson, Klag, Lui, & Wright,
2001). Mesa (2008) indicated, “GCs have become part of high school mathematics

18



classrooms” and added that in most of the high school algebra and geometry classes,
teachers use GCs extensively. Considering the issue that GCs are being used in
secondary level frequently, there occurs a need to investigate the role of the GCs in
one step back which is elementary level in 6" 7™ and 8" grades. In addition,
Laumakis and Herman (2008) suggested that it will be useful to get detailed
information from students in terms of using GCs in the classrooms during learning of
upper level mathematical courses. Considering the recommendations and gaps in
these studies, it can be expressed that there is a need focusing on detailed views of
students, pre-service teachers and teachers in technology integrated elementary level

mathematics education.

2.4 Role of Graphing Calculators in Algebra

Identifying algebraic expressions with visual expressions such as relating
equations with graphics and figures. This is specified in Turkish Elementary
Mathematics Education Curriculum (MEB, 2007) in the basic aims of the algebra
learning area. In the elementary level, from sixth to eighth grades, teachers aim to
acquire students to generalize the rules in the patterns and express them by using
letters. The equations with two unknowns follow the generalization of the rules.
These acquirements help students to develop the needed abilities to prepare a basis
for understanding the functions concept in further grades. In developing concepts
related with algebra, the variables concept also gain importance as elementary grade
students start to use another language in expressing several mathematical cases,
formulas, algebraic expressions, and equations (MEB, 2007).

In the existing study, the aim of choosing algebra learning area is that algebra
is a subject which is considered as the base of most subjects in mathematics
education (NCTM, 2003). The other reason is that algebra is a suitable subject with
all its sub branches to be taught with GCs (Heller & Curtis, 2005; Burrill, et al.,
2002) especially with the broad content, menus, and features of the GC — Casio
Classpad 330. Research related with the relationship between algebra and GCs found

that calculator technology adapted instructions is beneficial in the understanding
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algebra subjects (Graham & Thomas, 2000, Hollar & Norwood, 1999; National
Research Council, 2001).

It is mentioned in the Turkish Elementary Mathematics Education
Curriculum (MEB, 2007) that in teaching the two sub learning areas of algebra,
which are algebraic expressions and equations, using multiple representations
approach will provide a meaningful understanding environment for learners. In the
curriculum, multiple representations concept is defined as an approach which is
based on expressing a situation or a concept in different forms. In the teaching and
learning process, if students express mathematical concepts by using symbols,
graphs, tables, real life situations and concrete models, this will produce qualified
learning.

In the curriculum it is emphasized that the sub-learning areas of algebra;
equations, tables and graphs should be related with each other by forming
meaningful connections between them. GCs are the suggested tools to be used in the
teaching of algebra, as they include applications related with multiple representations
approach (MEB, 2007).

Considering the detailed review of the literature about using GCs as a
mathematical tool in pre-college level education, studies generally focus on function
and graph related subjects (Doerr & Zangor, 2000; Forster & Mueller, 2001; Guin &
Trouche, 1998; Hennessy, et al., 2001; Lauten, Graham, & Ferrini-Mundi, 2000).
This reveals a gap in investigating the use of GCs in a mathematical subject that does
not include only graphs. Moreover, the review of the literature about using GCs as a
mathematical tool in elementary level education indicates that studies generally focus
on function and graph related subjects (Lauten et al., 1994; Mesa, 2008; Ruthven,
2010). This reveals a gap in investigating the use of GCs in a mathematical subject

such as algebra that does not only include graphs.

2.5 Summary of the Literature

Technology has been adapted to mathematics education and especially GCs

are used frequently in mathematics teaching and learning all over the world. In many
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studies it has been concluded that GCs enhance mathematics learning of students by
the features they obtain such as visualizing, computing, graphing, and sketching
(Doerr & Zangor, 2000; Ersoy, 2005; Kastberg & Leatham, 2005; Mitchelmore &
Cavanagh, 2000).

Teachers’ use of technology and their views on the use of technology in
education have been valued as important when the use of technology in mathematics
classrooms is considered. It has been indicated by many researchers that teachers’
use of technology effect their classroom habits and teachers’ views on technology
incline their technology use in mathematics classrooms. Hence, teachers’ views on
the use of GCs in mathematics education differ according to their experiences with
technology (Baki & Celik, 2005; Ozgiin-Koca, 2010).

Algebra is a branch of mathematics that is reported as students have low
achievement scores, understanding problems, and misconceptions (Dahland &
Lingefjard; 1996; Forster & Mueller, 2001; Graham & Thomas, 2000; Huntley et.
al., 2000). As a solution to the problems that students face while learning algebraic
concepts, use of GCs in teaching and learning of algebra is suggested in some
studies. The features of the GCs’ such as visualization, multiple representations,
transformation, and computation are indicated as the qualities that would help
students in over coming the difficulties they face while learning algebra (Doerr &
Zangor, 2000; Forster & Mueller, 2001; Hennessy et al., 2001; Ozgiin-Koca, 2009).

Considering the reasons above, pre-service elementary mathematics teachers’
experiences on the GC Casio Classpad 330 and their views on the process of learning
algebra via the use of the tool is considered to provide important data for the aim of
this study. In addition, the main subject of the study was determined as elementary

level (grades 6,7, and 8) algebra learning area.
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CHAPTER 3

METHODOLOGY

This chapter outlines the methodology of this study investigating the views
and experiences of pre-service elementary mathematics teachers on the use of a GC —
Classpad (CP) — in mathematics teaching and learning. The chapter presents the
research design, data collection procedure, data analysis procedure, validity and

reliability of the study, and limitations of the study.

3.1 Research Design

In this study, qualitative research strategies were used so as to collect and
analyze the data to reveal the views of pre-service elementary mathematics teachers
on the use of GCs.

The data was collected and described by means of case study design which is
based on qualitative methods design to investigate the views of first grade
elementary mathematics pre-service teachers in the use of CP in a university
mathematics course in learning elementary level algebra. Yin (2003) describes case
study as; “an empirical inquiry that investigates a contemporary phenomenon within
its real life context, especially when the boundaries between phenomenon and
context are not clearly evident” (p. 13). The use of the handheld GC CP was
observed in a first grade course at university level. The reason for selecting the case
study approach was to be able to investigate and observe the students in their usual
classroom environment. In addition, Yin (2003) also mentions that;

“The case study inquiry; copes with the technically distinctive situation in
which there will be many more variables of interest than data points, and as
one result relies on multiple sources of evidence, with data needing to
converge in a triangulating fashion, and as another result benefits from the
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prior development of theoretical compositions to guide data collection and
analysis.” (p. 13-14)

With these words in mind, data set was gathered from classroom
observations, open-ended questions and clinical group interviews of the pre-service
elementary mathematics teachers in order to obtain a data set from multiple sources.
As an additional data source, three attitude scales on mathematics, technology and
learning algebra with CP were conducted before and after the treatment. These
attitude scales were analyzed by quantitative methods and the results of the analysis
of these three attitude scales were used only to form the interview groups.

In this study, the participants were 21 pre-service elementary mathematics
teachers forming one single group. They were observed during a treatment period
followed by focus group interviews. Triangulation of three data sources - the
observation of students’ work, open-ended questionnaire and focus group interviews

- was used for in depth analysis of pre-service teachers’ views on the use of GCs.

3.1.1 Participants

According to Yin (2003) “the ‘case’ also can be some event or entity that is
less well defined than a single individual. Case studies have been done about
decisions, programs, the implementation process, and organizational change” (p. 23).
In this study, the case was formed by a group of 21 pre-service elementary
mathematics teachers who had a five-week treatment period on the use of a GC CP
in elementary level algebra teaching and learning. In the light of Yin’s view, an
implementation process was carried out, where elementary level mathematical
subject algebra was thought to 21 pre-service teachers by using a handheld GC, CP.

As the participants of this study, 21 pre-service teachers from Elementary
Mathematics Education department in a private university in Ankara were chosen.
Students who were chosen to be included in the data collection process were in the
first year of their university education. They all took one mathematics course —
General Mathematics — in their first semester and two mathematics courses —

Geometry | and Discrete Mathematics — in their second semester while the study was
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being conducted. Among all, one of the participants, P4, has a different educational
background than the other 20 participants in that he had three years of education in
another university at the department of mathematics before he started his pre-service
teacher education at the private university. He was older than the other participants.
Another difference was that he has been giving private mathematics courses to high
school students for two years. There are 16 female and 5 male pre-service teachers
participated in the study; 76.2 % female and 23.8 % male. Demographic information

of the participants in terms of age distributions is given in Table 1.

Table 1. Age distribution among the participants

Age 19 20 21 22 29 Total
n 3 7 6 4 1 21
% 14.3 33.3 28.6 19.0 4.8 100

The research was conducted with a convenient group of first grade pre-
service elementary mathematics teachers who were not familiar with a GC. The
study took place in a course called Computer Supported Education (CSE) which is
compulsory for all students at the faculty of education and elementary mathematics
pre-service teachers are taking this course at their first year in university. The
researcher was the teacher of this course.

There were 50 first grade pre-service teachers at Department of Elementary
Mathematics Education at a private university in Ankara during the 2009-2010
academic year in which the study was conducted. There were two sections of the
CSE course. In one of them, 30 pre-service elementary mathematics teachers were
enrolled. The other one was a mixed section formed of the rest 20 pre-service
elementary mathematics teachers and 10 pre-service pre-school teachers. Therefore,
the first section, as it was formed with only pre-service elementary mathematics
teachers, was considered appropriate for the research to be conducted.

Prior to the selection phase, students were informed about the tool and the
five-week instruction period. Furthermore, all 30 students were told that the
remaining 9 students would be able to complete the course with the other section
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where the instruction was going to be the same as the previous courses. In the other
section of the course, there were the remaining 20 elementary mathematics pre-
service teachers where the lecturer was also the researcher herself. Therefore, the
students who did not volunteer to participate in the research period were provided to
complete the course with the same teacher and so were not afraid of being graded
unfairly. Hence, it was guaranteed that participants volunteered for the aim of
meeting with the GC CP and using it in the elementary level algebra subject for a
five-week period.

29 out of 30 pre-service teachers who were in the first section of the course
volunteered to participate in the study. The aim was to conduct the study with all of
the voluntary students disregarding the number of volunteers even though their
number was low. However, the number of voluntary participants exceeded the
number of the GCs available. Therefore, out of 29, 8 of them were eliminated
randomly. The reason for conducting this study with 21 participants was that there
were 23 GCs available at the time of the instruction period. One of them was for the
teacher, and the other one was hold as a spare one for a possible fault in other tools.

The researcher has been working as a research assistant at the department of
elementary education for two years. In addition, researcher was the instructor of the
first grade pre-service elementary mathematics teachers in the CSE course.
Therefore, they were an accessible group of students to conduct the study. Fraenkel
and Wallen (1996) define a convenience sample as “a group of individuals who
conveniently are available for study” (p. 99). The obvious advantage of this type of
sampling is that it is convenient (Fraenkel & Wallen, 1996), as it was easy for the
researcher to approach the research area, to get permission for the research to be
conducted and to communicate with the students and to arrange the content and flow
of the course independently. Researcher had familiarity with the students, with the
course and with the university, since she was the instructor of those students in the
first part of the same course (CSE 1) in the previous semester, too.

Fraenkel and Wallen (1996) explain purposive sampling as “based on
previous knowledge of a population and the specific purpose of the research,
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investigators use personal judgment to select a sample” (p.100). According to them,
researchers can use their knowledge of the population to judge whether or not a
particular sample is appropriate for the aim of the study. In the current study,
researcher knows the demographic, personal, and background information of the
mentioned students, as she was their teacher for approximately two semesters. In this
study, the researcher did not “simply study whoever is available, but used judgment
to select a sample, based on prior information, will provide the data needed” (p.101).

In addition to being convenient, first grade pre-service elementary
mathematics teachers who were selected to be the participants of this study as they
were appropriate for the aim of this study. The reason of choosing first grade pre-
service elementary mathematics teachers was that they were at the very first step of
being teachers of future. Participants had not received any pedagogical knowledge
prior to the study as they were in their first year in university. For this reason, it was
believed to provide more accurate views about their personal use of GC during
mathematics instruction both in their level at university and in elementary grades of
6, 7 and 8. Besides, it is obvious from the previous studies that attitudes of teachers
towards technology have an important role in mathematics education (Guin
&Trouche, 1998; Hennessy et al., 2001; Mitchelmore & Cavanagh, 2000). Likewise,
the participants of this study had just finished their 12-year education without having
an opportunity to use any kind of instructional technologies. Therefore, first year pre-
service teachers’ attitude on technology and mathematics was considered to be

important for the aim of this study.

3.1.2 Setting

This study was conducted during the 2009-2010 education year, fall semester,
in Computer Supported Education (CSE) course which is a course taken every year
by the first year students of elementary mathematics education program at the
university.

The reason of selecting the CSE course to conduct the current study was that

during the usual flow of the course, students bring up all their mathematical and
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technological knowledge to produce and create different teaching ways and
materials. Firstly, students search the subjects and content of elementary level
mathematics curriculum of grades 6, 7, and 8. Secondly, they choose one subject,
which they consider as appropriate to be combined and thought with the current
available computer programs. These programs can be listed as; MS Word, Excel,
Power Point, the Geometer’s Sketchpad, online mathematics programs, interactive
mathematics games. Therefore, CP was a mathematical tool for them to be used as an
instructional tool in CSE course.

Instruction took place in two computer laboratory classes — two hours in one
of the classes and two hours in the other in a week. The classrooms were equipped
with computers for students, a computer for the teacher and a projector connected to
the teacher’s computer.

Projector was always on during the course hours to transfer the visual CP on
the desktop to the wall with the help of a computer software called CP manager
which has exactly the same visual appearance and functions as a handheld CP.

Hence, CP was installed to the instructor’s computer.

3.1.3 The Role of the Researcher

The researcher was the instructor in the study. This selection of the
participant-observer role enabled the researcher to observe the students in multiple
points of views (teacher, researcher, member of the class) and to observe the
interactions with and among the students directly.

The students were familiar to the researcher as they attended a computer
course in the previous semester in which the researcher was also the instructor.
Consequently, the researcher had familiarity with the participants prior to the study.
Therefore, there was a close relationship between the members of the group to
express their ideas comfortably. The familiarity between the participants and the
instructor and among the participants made the observation and the interview period
more reliable as the researcher was able to understand what the participants meant

and thought when they expressed themselves by words or behaviors. Moreover,
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students felt comfortable to express themselves freely as they were used to the
researcher and to each other for a year.

The familiarity of the researcher with the tool was a 2 year-period where the
researcher trained herself from the tutorial books of CP and from the documents in
the web site of the tool. The web site of Casio Classpad consists of online tutorials
and several activities in pre-college and undergraduate level of mathematical
subjects. By completing several tasks on the web site and in the tutorial books in two
years, the researcher was comfortable in using all the menus of CP in the time of the

study.

3.1.4 Lesson Plans

In order to examine pre-service elementary mathematics teachers’ use of the
GC, it was important for them to be aware of the basic use of the tool, its features,
content, and technical limits. In this study, one-week training period on the GC and
the tasks in the instruction period were prepared according to the ways in which
participants typically use the calculator in the previous studies (Dahland &
Lingefjard; 1996; Guin & Trouche, 1998; Simonson & Dick, 1997).

The main and common purpose of the lesson plans in this study was to enable
the participants overcome the conflicts such as identifying and connecting algebraic
expressions with visual expressions like relating equations with graphics and figures.
The connection between multiple representations is also specified in Turkish
Elementary Mathematics Education Curriculum (MEB, 2007) in the basic aims of
the algebra learning area. In the basic aims, it is mentioned that algebra learning area
is the subsequent of the sub learning area patterns which takes place in the first to
fifth elementary grades curriculum. In the following grades of the elementary school
after the first five grades, in general, teachers aim to help students generalize the
rules in the patterns and express them by using letters. The equations with two
unknowns follow the generalization of the rules. These acquirements help students to
develop the abilities needed to prepare a base for the understanding of the concept

“functions” in further grades. In developing concepts related with algebra, the
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concept “variables” also gain importance as elementary grade students (6-8" grades)
start to use another language in expressing several mathematical cases, formulas,
algebraic expressions, and equations. Therefore, variables have a crucial role in
learning algebra (MEB, 2007).

It is mentioned in the Turkish Elementary Mathematics Education
Curriculum (MEB, 2007) that in teaching two sub-learning areas of algebra, which
are algebraic expressions and equations, using multiple representations approach will
provide a meaningful understanding of the environment for learners. In the process
of teaching and learning, if students express mathematical concepts by using
symbols, graphs, tables, real life situations and concrete models this will produce
well-qualified learning (MEB, 2007).

In the lesson plans, meticulously prepared tasks were included in the
instruction for the participants to investigate the connections between the GC
expressions and their existing algebraic mathematical knowledge. Tasks and
activities that can be conducted with the use of CP were prepared. They were parallel
to the problems which elementary students are expected to solve by traditional ways
without using a GC according to the curriculum. By selecting questions such as
these, participants’ ability to use CP and to interpret the results represented in the CP
was aimed to be observed.

Expert opinion was taken for each lesson plan that was prepared. Lesson
plans were presented to two researchers. One of the expert researchers was an
assistant professor in mathematics education. The other researcher was about to
complete her doctoral degree in secondary mathematics education. Scholars
expressed their opinions on the clarity and content coverage of the tasks in the lesson
plans. Accordingly, the lesson plans were improved and finalized.

In the lesson plans, there was variety of questions. They were related with the
algebra sub-learning field of Turkish Elementary Mathematics Education
Curriculum. Mathematical problems, tasks and activities in every lesson plan were
prepared meticulously by considering the background of the elementary level
students and tasks in the lesson plans adhere to and cover all the objectives of
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algebra subjects in the 6", 7" and 8™ grades. The aim was to form an actual

adjustment between the lesson plans and Turkish Elementary Mathematics Education

Curriculum. The correspondence of the lesson plans with the curriculum is presented

in Table 2 below.

Table 2. Table of specification

Learning Area: Algebra

Lesson Plans
Lesson 1

Lesson 2

Lesson 3

Lesson 4

Lesson 5

Lesson 6

Lesson 7

Sub-Learning Areas
Patterns and Relations
Algebraic Expressions
Patterns and Relations
Patterns and Relations
Algebraic Expressions

Exponentials
Patterns and Relations

Algebraic Expressions

Equations
Algebraic Expressions

Equations

Grade

\‘

7

7
8

7 and 8

Lesson plans follow a specific path as they follow several steps. Firstly, since

the participants are pre-service teachers knowing elementary level algebra very well,

explanation of the subject was held brief and short. The introduction part aimed to

show the participants how to introduce a subject to elementary level students with a

technology supported lesson plan.

Secondly, class discussions for sharing the solution process and explaining

results took place during the courses as a separate part of the lesson plans.

Participants were assigned to work on the presented tasks both individually and in

groups. After working on each problem, they were introduced to a group discussion

in the classroom, where all of them presented their ideas to the whole class. The aim
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of this discussion period was to make participants to share their results and the steps
which took them to the result with each other as well as to express their ideas about
learning algebra with CP. Therefore, the content of group discussion includes sharing
the solutions with other students, making comments on different ideas — whether
they agree with their peers or not — and expressing the thoughts about the usage of
CP in the related problems. A typical lesson design is given below in Table 3.

Table 3. Lesson outline

Recall process (5 min. approximately)

Reminding the main points of the previous lesson.

Having students explain and summarize what they have learned so far
related with the functions of CP.

According to the answers, if needed, teacher presents an example about the
previous courses.

Warming up (10 min. approximately)

Teacher asks open-ended and non-directing questions to understand the
background information of the students about the subject.

Teacher reminds the main points of the related algebra learning outcome of
the course. As the participants are pre-service elementary mathematics teachers,
they are expected to have complete knowledge of elementary level algebra content.
Therefore, there is no need to teach the content of the learning outcomes in detail.

Firstly the related subject is summarized by using the blackboard and by
lecturing. After that, one of the below choices is conducted to prepare students for
the CP activity.

Teacher asks questions and gives daily life examples about the subject.
This creates question marks in students’ minds, which leads a desire to pay
attention to the rest of the lesson.

Building a bridge between the previous and new subject takes place by
explanations or questions. By matching the subjects, teacher encourages students
that the new subject is not difficult. In this step students start to wonder how the
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Table 3. Lesson outline (Continued)

related subject will be instructed with CP.

Teacher presents an opening activity by using CP or other instructional
tools such as paper-pencil. A short-time activity prepares students’ minds for the
new subject. After the examples and other teaching activities, teacher gives the
topic and basic information about the subject of the lesson referring to the
examples they have just worked on. This provides a readiness for the upcoming
activity.

Teaching and Learning Period (30 min. approximately)

Activities, prepared prior to the courses, are presented to class including
directions. In the first two weeks of the instruction period, activities are presented
with the steps needed to complete the activity. In the rest of the instruction period,
activities are presented by leaving the solution process completely to the students.
Students are responsible of selecting the appropriate menus, functions and steps in
order to find solution to the given situation.

Students are presented with problems prepared by the instructor. Problems
have some basic qualities such as leading students to thinking, including daily life
situations, being parallel with the problems suggested in the Turkish Elementary
Mathematics Education Curriculum and including main points of the related
subject. The main tool that the students work with during the activities is a GC -
Casio Classpad 330 Plus (CP). Problems are prepared as compatible with CP.

Students think about the problem and share their ideas about the solution
process. Students work individually or in pairs (changes according to the difficulty
level of the activity). Students are encouraged to express their ideas, share their
solutions with each other as the activity continues. Teacher walks among the
students and asks directing questions if there are students who are having problems
in progressing the task (understanding the question, using the tool, expressing
ideas). After thinking and creating solution ways, a whole group discussion as a
class takes place with the guidance of the teacher. Teacher provides a discussion
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Table 3. Lesson outline (Continued)

environment near the end of the activity time as the students show considerable
progress. Every student is expected to explain his/her idea about his or her solution
process. Hence true answers are reached. In order to explain the main points of the
subject, teacher goes over the solutions of the problems and mentions all the
details about the steps relating with the subject and CP.

Students are expected to find solution ways with the use of CP. Teacher’s
guidance takes place in every period of the problem solving process when students
have difficulty in finding a function of a menu.

Closure (5 min. approximately)

Reinforcing the subject is provided by meticulously prepared short-time

activities which have similar qualities with the ones in the teaching and learning

period of the course.

During the classroom studies, participants were not expected to find the right
menu or button on the tool to progress in the given task. The instructor always helped
them to find the related menu, necessary shifting, and buttons. What was left to the
participants was to decide the correct steps to reach the result, carry the given data on
CP and find the result. This was the case at the beginning of the instruction process;
however, as the courses continued, participants started to use the tool more

confidently and independently almost without the guide of the instructor.

3.1.5 Treatment

In this research, the case was formed by a group of 21 pre-service elementary
mathematics teachers who had a five-week treatment period by the researcher as the
instructor. Participants did not have any experience on handheld GCs before this
study. Prior to the four-week instruction, a six-hour training program on the use of
CP was given. Participants were instructed about how to use CP and they carried out
all the tasks in the instruction period. By investigating the manuals, online tutoring

videos, introduction kit of CP on Casio website (classpad.org), the content of the
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training program was prepared. The activities in the training period covered all of the
menus of CP to help the pre-service teachers gain confidence in using the tool.
Nonetheless, most of the activities were conducted by using four of the menus of CP
(main menu, graphs and tables, e-activity, and geometry) that was going to be
frequently used in the instruction period while working on the algebra tasks.
Although 4 menus among 16 were frequently used during the study, all 16 menus
were introduced to the participants at the training period.

The training included the following topics:

e A brief explanation of handheld GCs

e A general look into the CP

e Functions of the calculator

e Introducing 16 menus of CP

e The usage of the calculator for a specific topic: Algebra

o Examples and applications on 4 menus related with algebra

A student who is not used to CP would not like to use it in learning
mathematics and would not intend to solve mathematical problems through CP.
Students should feel comfortable and self-efficient in using CP. For this reason, the
basic aim was to make students feel comfortable when using CP in algebraic tasks
rather than to present them all of the mathematical features and capabilities of CP in
detail.

Firstly, buttons that are commonly used almost in every mathematical task
were introduced. Moreover, a brief explanation was given to introduce the
capabilities of the GC Casio Classpad 330 to the participants.

Following the explanation of the menus and their functions one by one, mini
exercises including the directions were prepared to lead students to discover the
menus. The exercises in the original tutorial of Casio CP (classpad.org) was used in
the training period. Afterwards, participants were asked to explain simply what was
there in the GC.
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3.1.6 The Graphing Calculator: Casio Classpad 330

The tool Classpad that was used as the main instructional tool in the current
study is a Casio product which is equipped with nearly all the menus of the tools that
have previously been produced as GCs. In addition, classpad has newly formed
menus such as the menu spreadsheet related to mathematics and other science
branches such as physics and statistics.

Figure 1 shows the physical appearance of the tool and the menus it includes.
The menus of CP are; main, e-activity, statistics, graphs and tables, sequence, conics,
3D graph, geometry, numeric solve, presentation, program, communication, and

system.

21 LCD Window
CASIO ClassPad Manager

o ==

T Eoucational T 1

Geometry

NumSolve Presentati..
Educatinal ] .
L <
L - [ c-
00000
VOO 00 || g

MurnSolw
Educational

© V00 e
KL LK
oo I X

A\

Figure 1. Visual appearance of Casio ClassPad 330
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When Turkish Mathematics Education Curriculum was investigated, four
menus were considered to be related with the subject algebra in elementary level —
grades 6, 7, and 8. These were, main menu, geometry, graphics and tables, and e-
activity.
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Main menu contains basic calculations that a usual calculator is capable of
doing such as multiplication, division, addition, subtraction, roots of numbers, and
fractions. In the menu geometry, there is a window including ready-shapes in
geometry and virtual buttons for construction of figures. In graphics and tables, there
are several functions for solving equations, graphing, table of values and
transformation. E-activity is the menu where all of the functions above can be
brought together in order to prepare combined activities and to solve complex

problems (See Appendix B for detailed information about the four menus).

3.2 Data Collection Procedure

Data in the current study was collected during the course named as Computer
Supported Education (CSE). In the context of this course, students are expected to
examine Turkish Elementary Mathematics Education Curriculum (grades 6, 7, and
8), select learning and sub-learning areas from the curriculum and develop tasks and
activities on the subject they selected. The data collection procedure of this study is
presented in Table 4.

Table 4. Procedures

Sensual Tests:
e Thee Attitude Tests

Before the Treatment (Mathematics, Technology, Learning

Algebra with GC)
Treatment e Observation (video-taped)
(1 month — 16 course x 50 min) e Observation notes

e Three Attitude Tests

(Mathematics, Technology, Learning
Algebra with GC)

e Open-ended questionnaire

(5 questions)

e Focus Group Interviews

After the Treatment
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Prior to the instruction process, the participants of the study filled out the
attitude scales in a course hour. Later on, a training lasted for four hours was given to
the participants. After that, by following the lesson plans participants were instructed
with elementary level algebra by using CP as the main instructional tool for four
weeks. When the instruction period was completed, the participants were given three
attitude scales on technology, mathematics and learning algebra with CP as post-
tests. According to the quantitative data, interview groups were formed. One week
after the instruction was completed, three focus group interviews were conducted

with the selected participants.

3.2.1 Data Collection Instruments

Classroom observations, group interviews and an open-ended questionnaire
were employed to gather qualitative data. Three attitude tests on mathematics,
technology and learning algebra with GC were used to form the interview groups in
this study.

The purpose behind the interviews following the observation process was to
support the data obtained through the classroom observations. This data collection
method is explained by Fraenkel and Wallen (1996) as follows:

“Certain kinds of research questions can best be answered by observing how
people act or how things look... Interviewing is an important way for a
researcher to check the accuracy of — to verify or refute — the impressions he
or she has gained through the observation.” (p. 446, 447)

Similar to this view, analysis of the interviews provided supportive data that
clarified participants’ behaviors and statements in the classroom observations.
Furthermore, during the focus group interviews, participants made additional
explanations about their statements in the classroom studies which increased the

accuracy and trustworthiness of the results.

3.2.1.1 Observations

In the study, there had been a four-week instruction and observation process.

There were four course hours in a week and one course lasted for 50 minutes. The
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researcher was involved in the instruction process as a participant observer. The
instructor was the researcher. In order not to miss out any data during the lessons,
instruction process (16 courses x 50 min in total) was video taped during the four
weeks of data collection process.

Recording was carried out through two video recorders, one of which was
stabilized in the corner of the classroom in such a way to view the whole class; the
other one was mobile. In other words, the person who carries the mobile hand
camera randomly chose participants and zoomed in and out the participants and their
CP screens. People who helped in the close camera shot were four research assistants
from elementary education department, one university senior year student from
business and management department and a retired elementary grade teacher.

During the classroom observations, participants were examined according to
five situations listed below:

e Participants’ interaction with the GC CP.
e Behaviors and statements of the participants about the process and the GC

CP.

e Active participation during the instruction.

e The difficulties that participants face related with the GC CP.

e Role of the GC CP in participants’ learning.

e Questions that participants asked to the researcher and to each other.

The researcher took notes after each two-hour course sessions. Notes were
related with the five situations listed above and were written down in order to record

the immediate investigations of the researcher about each course.

3.2.1.2 The Questionnaire

A questionnaire including five open-ended questions covering the five weeks
- one-week training and four-week treatment period - were prepared by the
researcher. The questions were prepared considering the purpose and research

questions of the study. In addition, the data in the researchers’ observation notes

38



were reviewed and the questionnaire was shaped according to the participants’ views
and the way they treated to CP during the classroom observations. These questions
were sent to the participants by e-mail and they answered the questions immediately
after the last course. Answers of these questions were analyzed to support the results
and also used to shape the interview questions. The questions in the questionnaire
were as follows:

1. What contribution did CP provide you in learning algebra?

2. What obstacles did you face while using CP in learning algebra?

3. What are the advantages of using CP while learning algebra?

4. What are the disadvantages of using CP while learning algebra?

5. What other things would you like to add about the GC - CP?

3.2.1.3 Interviews

Participants’ views on the effectiveness of the teaching and learning process
with CP, the difficulties they faced while working with CP and their ideas on the
appropriateness of the tool to mathematical subjects were revealed with there focus
group interviews. 14 out of 21 participants were interviewed at the end of the
instruction and the interviews were video-taped.

Focus group interview was employed in this study. Wilkinson (2004) gives
the basic characteristics of a focus group interview as follows:

“A focus group project can involve a single group of participants meeting on
a single occasion, or it can involve many groups, with single or repeated
meetings. It can involve as few as two, or as many as a dozen or so,
participants (the norm is between four and eight). These participants may be
pre-existing groups of people or they may be brought together specifically for
the research, as representative of a particular population, or simply on the
basis of shared characteristics or experiences.” (p. 178)

In this study, three groups were formed for the interviews, which had three,
four and seven participants, respectively. Participants of the study were the existing
first grade pre-service elementary mathematics teachers in the private university who
shared similar experiences in five weeks instruction period. In addition, the three

interview groups were formed to bring the ones who had similar qualities in terms of
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their attitudes towards mathematics and technology. Another reason of conducting
focus group interviewing was to provide participants a discussion environment to
exchange their experiences with each other and as Kastberg and Leatham (2005)
emphasized, this environment would give them the opportunity to express their
personal views about mathematics teaching and the tool CP.

The interview questions were constructed in line with the goals of the study
and the questions in the related studies (Burrill, et al., 2002, Ozgiin-Koca, 2009,
2010). Questions were prepared under three main titles namely, using CP in learning
algebra, both technologic and functional facilities of CP and views for a more
facilitated GC. For the wording quality, clarity and content coverage of the
questions, three researchers were asked to evaluate the questions and express their
opinions. One of the researchers is an assistant professor studying in assessment and
evaluation and research methods. She has several qualitative studies in education.
The other two researchers have masters’ degree on science teaching and assessment
and evaluation, respectively.

After the questions were revised according to the expert views, three pilot
interviews were conducted with one of the participants who was not included in the
interview groups, with a university student from elementary science and mathematics
teaching department and with a high school student in 10" grade. The pilot
interviews were carried out in order to find out possible problematic parts of the
questions and to improve them for a clearer and better understanding. At the end of
the corrections considering the opinions of the experts mentioned above, necessary
changes in the interview questions were made. 5 main questions and several follow-
up questions to gather complete information formed the interview question list of this
study (See Appendix D for the interview questions).

As Vanderstoep and Johnston (2009) mentioned, interviews should be
conducted by covering three parts: setup, building of rapport, and closing, which are
important for the effective relationship between the interviewer and the respondents.
In order to provide a setup, participants were informed of “the roles and

expectations for the interviewer and interviewee” (p. 226). The aim of the study was
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reminded to the participants at the very beginning of the interviews. In addition, they
were informed that they should feel comfortable to express their thoughts without the
fear of making any mistakes and providing with incorrect information or ideas, as
everything they utter to answer the questions are valuable for the outcomes. They
were also convinced that they would not be graded according to the interviews, any
of their comments were welcome about the instructional tool CP and their thoughts
were valuable since they were the teachers of the future. They were also informed of
the estimated length of the interview, half an hour for the two groups and an hour for
the third group. As participants were informed as stated above, this “helps the
respondent know how to act, reduces apprehension, and helps to establish rapport
with the respondent.” (Vanderstoep & Johnston, 2009, p. 226)

Participants were listened with interest, respect, appreciation and acceptance
and verbal feedback was rarely used not to change the focus of the interviewee as
Vanderstoep and Johnston (2009) suggested. In the closure part of the interview, the
researcher should “bring the respondent back to the present environment. The skillful
interviewer gradually decreases the intensity of the questions in the closing process”
(p. 227). Therefore, as the closing question, ‘Is there anything else that you would
like to add?” was asked. It was also told that participants can approach the researcher
whenever they want in any situation they would like to share. As the researcher is a
teacher in the same school with the participants, they will feel comfortable to directly
contact with the researcher in the future. During the interviews, researcher stopped
for a few seconds after each comment and question for additional comments and to
give time to the participants to think.

Interview groups were formed according to the scores of three attitude scales.
In this process, expert opinion was obtained. Two researchers - an assistant professor
and a research assistant in that private university — studying in the field of assessment
and evaluation expressed their ideas. They confirmed the statistical analysis on the
formation of the three groups which is explained in detail under the attitude scales

title (See section 3.2.1.4 for forming the interview groups).
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Obtaining more than one homogeneous group out of an existing group was
aimed with the purpose of providing maximum variation. It was intended to identify
the common and different sides (Biiyiikoztiirk, Kilig, Akgiin, Karadeniz, Demirel,
2008) of these three groups by conducting focus group interviews. While choosing
the interview groups, a purposive sampling was conducted focusing on the scores
that the participants obtained from the attitude scales as it was observed that the
attitudes have an important role in the related literature (Guin &Trouche, 1998;
Hennessy et al., 2001; Mitchelmore & Cavanagh, 2000).

The connection between maximum variation sampling and focus group
interviews is explained by Patton (1990) as;

“Maximum variation sampling is the strategy of picking a small,
homogeneous sample, the purpose of which is to describe some particular
subgroup in-depth... Sampling for focus groups typically involves bringing
together people of similar backgrounds and experiences to participate in a
group interview about major issues that affect them.” (p. 235-236)

As Patton (1990) and Biiyilikoztiirk et.al. (2008) stated, maximum variation
sampling is a branch of purposeful sampling that serves the researcher to describe the
problem widely. It was believed that the views of the groups which have different
attitudes, was also going to differ (Guin &Trouche, 1998; Hennessy et al., 2001;
Mitchelmore & Cavanagh, 2000). Therefore, three interview groups were formed

instead of interviewing all of the participants as one single group.

3.2.1.4 Attitude Scales

Three attitude scales were conducted before and after the treatment in five
weeks interval. The attitude scales are Learning Mathematics with Technology
Attitude Scale (MTA), Mathematics Attitude Scale (MA), and The Technology
Attitude Scale (TA).

MTA has been developed by Pierce, Stacey, and Barkatsas (2007). This scale
was used to measure participants’ attitude towards learning algebra with the GC CP.
In the development phase of the scale, the data gathered from 6 schools were used.

The research group constituted 350 students. By analyzing the previous similar

42



scales, the content and appearance validity were examined. Besides, by applying
factor analysis, 7 items were omitted and five-factored design was defined. For the
reliability analysis of the scale, Cronbach alpha coefficient was calculated. The
Cronbach’s Alpha for the five factors coefficients ranged from .65 to .89. MTA pre-
test and post-test scores obtained from the participants of the current study were
analyzed and for the reliability analysis of MTA, Cronbach alpha coefficient was
calculated. The reliability coefficients of the pre-test and post-test scores obtained
from the attitude scale on algebra and technology are 0.90 and 0.71, respectively.

MA has been developed by Duatepe and Cilesiz (1999). The research group
which was used to develop the scale was comprised of 230 students who were taking
Mathematics from the faculties of engineering, education, administrative sciences,
and science at Middle East Technical University during the spring term in 1997-
1998. Based on the findings, 6 items were excluded from the scale. As a result of the
analysis, it was found out that the scale constituted 4 dimensions. Therefore, 13 items
gathered in the first dimension were related to the interest and pleasure towards
mathematics and 9 items in the second dimension were related to trust and fear. 8
items in the third dimension were regarding the significance of mathematics in daily
and professional lives; 8 items in the last dimension were also regarding the interest,
like and pleasure towards mathematics. For the validity of the scale, the correlation
between the items and the dimension they were included was calculated. The lowest
correlation value in the first dimension was .55, for the second dimension 0.62, for
the third dimension 0.48 and for the fourth dimension 0.51. Furthermore, Cronbach
Alpha coefficient regarding the scale developed was found as 0.96. MA pre-test and
post-test scores obtained from the participants of the current study were analyzed and
for the reliability analysis of MA, Cronbach Alpha coefficient was calculated. The
reliability coefficients of the pre-test and post-test scores obtained from the attitude
scale on mathematics are 0.96 and 0.94, respectively.

TA has been developed by Yavuz (2005). In the phase of scale development,
in line with the resources that the researcher examined, a 5-point likert scale with 50
items was formed and it was applied to the 162 students chosen as the sample. As a
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result of the analysis, a 5-factor scale with .87 reliability coefficient constituting 19
items was formed. The scale was named as “the state of not using technological
equipments in education, the state of using technological equipments in education,
the impacts of technology to the education, teaching how to use technological
equipments evaluating the technological equipments”. In this study, for the reliability
analysis of TA, Cronbach alpha coefficient was calculated and the reliability
coefficient is found 0.86.

For the reliability analysis of the scales used in the study, Cronbach Alpha
coefficient was calculated for each. In order to calculate the reliability coefficients,
pre-test and post-test scores obtained from each attitude scale were analyzed.
Correlation coefficients of the participants’ pre-test and post-test scores obtained
from the three attitude scales were found above 0.70. The reliability coefficients are
close with the original coefficients of the scales. Therefore, it was assumed that the
correlation coefficients obtained from the 21 participants of this study are reliable.

The attitude scores of the participants were transformed into Z score. The
students who participated in the research were classified into 3, which were high
group, average group, and low group. The students whose Z scores obtained from
each attitude scales were below -0.5 formed the low group since they had low
attitude scores. The students whose attitude scores were medium-level (between -0.5
and +0.5) when compared to the other groups constituted the average group. In the
high group, however, there were students who had +0.5 and the above Z score with
high attitude (See Table 5).

Table 5. Attitude levels of the three interview groups

Group Number Group Name Attitude Level

1 Low group Low (Z <-0.5)

2 Average group Medium (- 0.5 < Z < +0.5)
3 High group High (Z > +0.5)

Interview groups were identified based on the post-test scores obtained from
each attitude scale. In this identification, scores obtained from MTA was used as the

basic score. According to their standardized MTA, MA and TA scores, participants
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were grouped under three levels; the first group with lowest scores, second group
with average scores and the third group with highest scores. Participants were
grouped three times for each attitude scale separately. In other words, each student
had three group numbers obtained from each of the three attitude scales.

Then, as MTA scores were used as the base, in other words as the reference
scores, regarding the group number formed according to MTA, a student who had
the common group number in at least one of the other two groups formed out of the
other attitude scales was included to the related group (See Table 4). To explain
further, one participant coded as number 5 (P5) was in the first group regarding her -
2.10 score from MTA. She was also included in the first group according to her TA
score. Therefore, she was accepted for the interview as the participant of the first
group. As another example, P11 had the score -0.80 from MTA and was included to
the second group. However, he had average scores from the other two scales which
was the reason for the researcher to place him in the second group. As he was not
included to the first group in at least one of the other two scales, he was not chosen
as an interviewee for any of the groups. In Table 6, the sections presented with bold
numbers indicate the corresponding group numbers for each participant. Those

participants were chosen for the focus group interviews.
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Table 6. Forming the interview groups according to the Z scores obtained from
three attitude scales
Parti- MTA MTA

cipant V4 (Group MA MA TA TA
s scores) No) (Z scores) (Group No) (Z scores) (Grup No)
5 -2.10 1 -0.08 2 -0.82 1
2 -1.54 1 -1.00 1 -0.72 1
7 -1.36 1 -0.34 2 -1.70 1
11 -0.80 1 -0.48 2 0.30 2
15 -0.80 1 -0.34 2 0.35 2
1 -0.62 1 0.44 2 -1.16 1
9 -0.62 1 0.05 2 0.60 3
18 -0.62 1 0.71 3 0.16 2
17 -0.43 2 -1.00 1 0.35 2
19 -0.25 2 -1.27 1 0.16 2
8 0.12 2 -1.00 1 -1.74 1
10 0.49 2 -0.48 2 0.64 3
3 0.68 3 -0.34 2 0.84 3
16 0.68 3 1.10 3 0.99 3
21 0.68 3 0.97 3 0.06 2
6 1.05 3 -2.32 1 -2.33 1
12 1.05 3 0.44 2 0.54 3
13 1.05 3 1.23 3 0.94 3
14 1.05 3 1.23 3 0.74 3
20 1.05 3 1.37 3 0.99 3
4 1.23 3 1.10 3 0.79 3

Participants were selected for each interview group by the method explained
above and the finalized list of the participants for each interview group is given
below, in Table 7.

Table 7. The finalized version of the three interview groups
Group Number  Participant Number

1 P1, P2, P5, P7
2 P10, P17, P19
3 P3, P4, P16, P12, P13, P14, P20, P21

As seen in the Figure 2, the reasons why 0.5 Z score was used as criterion

were to accommodate the attitude scores to the normal distribution by converting the

46



attitude scores into standard scores and to be able to divide this distribution into 3
groups which have equal attitude levels in itself considering the scores obtained from
attitude scales. Moreover, as it can be seen in the figure, 0.5 Z score enables the
whole area (99%) to be divided into 3 equal parts (33%).

/TN

-0.5 0 05 1 2 3 4

Figure 2. The indication of 0.5 Z score in normal distribution graphic

It can be seen from the attitude scale results that there is a significant
difference between the three groups formed prior to the focus group interviews. The
difference of the scores obtained from the attitude scales regarding the integration of
mathematics with technology have an important role in learning and teaching of
mathematics (Guin &Trouche, 1998; Hennessy et al., 2001; Mitchelmore &
Cavanagh, 2000). Therefore, participants were classified in such a way to form the

interview groups.

3.3 Data Analysis Procedure

Classroom observations, interviews, and open-ended questions were the main
data sources of this study. Attitude scales were conducted in order to form the three
interview groups. The sources of data in the current study and the data analysis
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methods are summarized in Table 8. The methods in the analysis procedure mainly

followed the steps recommended by Merriam (1998).

Table 8. Data sources and data analysis methods

Data Sources Description Number of Analysis
Participants Methods
Observation 4 weeks -16 course hours- 21 Content
video records Analysis
Open-ended 5 open-ended questions 21 Content
questions Analysis
Interview 3 focus group interviews 14 Content
Analysis

Attitude Scales 3 attitude scales 21 Statistical
- Algebra and Technology Analysis

- Technology

- Mathematics

The researcher took field notes about the course after each course session by
focusing on participants’ interaction with CP, statements of the participants about the
process, and the difficulties they faced related with the CP, questions that
participants asked to the researcher and to each other were also noted. During the
instruction period, algebra learning area belonging to the grades 6, 7, and 8 was the
main subject in the courses. The pedagogical use of the GC CP and their views about
teaching with CP were also investigated. In addition, whether teaching the subject
algebra through computer-assisted instruction contributes to their level of learning
background was argued among the participants during the courses. Video records
were watched repeatedly and compared with the observation notes to form other
categories or to verify, refute the existing ones.

A questionnaire containing five open-ended questions was given to the
participants after the last course of the instruction. Participants answered them in
written format. Participants’ answers were analyzed and expressions regarding the
research question of this study were determined. The similar and different
expressions were grouped. The interview questions were formed based on the

answers to the open-ended questions.
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Responses in the interviews were fully transcribed. The researcher assigned
numbers from 1 to 21 to the participants of the study such as from P1 to P21. Among
21 participants, 14 participated to the group interviews. The numbers of the
participants belonging to each interview group were written on top of the
transcriptions. Then, interview video records were watched and listened several
times for the complete transcription of the data. All of the conversations were quoted
exactly. Interviews were transcribed in 30-second periods so as to access easily and
quickly to any location of the dialogues later on.

After completing the transcribing process, the lines of the three transcriptions
were enumerated. Then, transcriptions were read several times in order to group the
statements of the participants. In the data coding procedure, firstly, the expressions in
the interviews were expected to enter the categories formed from the five interview
guestions which are the advantages and disadvantages of using a GC in the teaching
and learning of elementary level algebra, the obstacles and benefits of CP in
mathematics courses, effect of CP on students’ motivation, and the useful and useless
features of the tool CP for mathematics education. When most of the statements
could not be included in these groups, transcriptions were read again and related key
words covering the main idea of each discussion part were written by matching the
line numbers. These key words formed groups at the final revision.

In the first time, transcription of the low group was read in order to form

categories. Table 9 gives the categories emerged in the first trial.
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Table 9. The categories formed in the beginning of the analysis
Main categories Sub categories

Advantages of CP For teachers

Elementary level
For students
Other grades

Disadvantages of CP For teachers

Elementary level
For students
Other grades

Then, transcriptions of the second and third groups were read and notes were
taken to form categories. There were more specific comments in the second —
average — and third — high — groups’ transcriptions that did not go under the
categories in Table 7. For example, the statement that courses will be out of ordinary
with the use of CP was suitable to enter all the sub categories under the “advantages”
category. In addition, participants mentioned that CP should be used in specific parts
of the mathematics courses such as warm up, application, and assessment. These
comments which specifically pointed lesson design could not placed under a
category. Researcher saw that there was a need for more specific categories. In
addition, it was obvious that any comment was suitable to be defined as an advantage
or disadvantage. Therefore, the two main categories, advantage and disadvantage,

was omitted and sub categories became the categories as in Table 10.

Table 10. The changed categories during the analysis
Main categories Sub categories

Teachers Advantages

Disadvantages

Students Elementary level Advantages
Disadvantages
Other grades Advantages

Disadvantages
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The line numbers were noted near the related sub category and when there
were lines that could not be placed under any categories, additional key words were
listed under the category table such as comparison with paper-pencil, provides
motivation, place of CP in a lesson, content of CP, physical features, use of CP.
Then, after the analysis of the second group’s interview was completed, there was no
need to add any more key words in the analysis of the third group. All of the lines in
the transcriptions of the three groups about CP and the classroom study, without
ignoring any of them, were placed under a key word or a category in Table 11. In the
last step, the common aspects among the key words were determined.

After analyzing the data obtained from the three focus group interviews, four
weeks of classroom observations were analyzed. There was one video record for
each course, 16 video records in total. In addition to the video records, the notes that
the researcher took after every two-hour course were used as supportive data for the
classroom observations. Every videotape was watched by noting down the situations
listed below.

e Participants’ interaction with the GC - CP.

e Behaviors and statements of the participants about the process and the GC CP.
e Active participation during the instruction.

e The difficulties that participants face related with the GC - CP.

e Role of the GC - CP in participants’ learning.

¢ Questions that participants asked to the researcher and to each other.

The situations observed from the classroom studies were compared with the
researchers’ notes related to each course hour. Then, the data obtained from these
notes were compared with the analysis of the interview data. The matching and
differing points were investigated. Extra information gathered from the classroom
observations and observation notes were added under the sub categories occurred
from the interview analysis.

The written response of the participants to the questionnaire containing five

open-ended questions was reviewed. Their statements were compared with the codes
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formed in the analysis of the interviews and additional data was added under the
related category. As a result, the titles of the categories and sub categories were

finalized as in Table 11.

Table 11. The finalized categories at the end of the analysis
Main Categories Sub categories

CP as a personal tool Personal thoughts in
personal use of CP
Physical features and
technological equipment
Functions, menus and

content of CP
CP as an educational tool  Effective use of CP in

education

Use of CP in elementary Place of CP in a lesson

level plan
Suggested subjects for
CP use
Elementary grade
students’ use of CP

Suggested grades for CP

use

Comparison of CP with

paper-pencil

Relationship between CP
and motivation

3.4 Validity and Reliability

In this study, one-shot case study design was conducted; therefore, validity
and reliability of the study depends on case study principles. In addition, one-shot
case study is a weak experimental design which carries the threats of the
experimental design. As Yin (2003) stated, validity and reliability is the quality of
any empirical research. There are some precautions taken to reduce the threats in this
study.

Validity is simply explained as “the defensibility of the inferences researchers
make from the data collected through the use of an instrument” (Fraenkel & Wallen,

1996, p. 153) which means that validity accurately relies on choosing valid
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instruments that allow the researcher to gather, measure and give accurate data.
According to Yin (2003), there are six sources to obtain data in a case study. Three
of these sources, focus group interviews, classroom observations and questionnaire,
are used in this study to minimize the threats and obtain construct validity. The use
of multiple sources of evidence is called triangulation (Fraenkel & Wallen, 1996;
Yin, 2003). Triangulation of the three qualitative data sources provided cross check
between the data sources and enhanced the internal validity in this study.

In addition, internal validity; namely trustworthiness of the study is obtained
by minimizing the threats mentioned by Fraenkel and Wallen (1996). Age and
educational background of the participants in this study were close to each other. All
of the participants attended to the data collection procedure. Only one participant,
who planned to participate to the focus group interview with the high group, could
not come to school at the time of the interview. Instruction period took place in
participants’ usual classrooms and in the CSE course that they had been attending for
two semesters. They were familiar with the classroom environment and the course.

Researcher was the teacher of the participants in the CSE course for one
educational year that the study was conducted. Therefore, they were also familiar
with the researcher, which enabled the participants to express themselves
comfortably during the data collection process. On the other hand, there was a
possibility that the participants might not express their opinions truly owing to the
fear of getting low grades from the CSE course or they might believe that the
researcher wants to hear positive comments about CP. In order to reduce these risks,
in the beginning of every course and in the interviews, participants were informed
that they should feel comfortable to express their thoughts without the fear of making
any mistakes and providing with incorrect information or ideas, as everything they
utter to answer the questions were valuable for the outcomes. They were also
convinced that they would not be graded according to the interviews, any of their
comments were welcome about the instructional tool CP and their thoughts were

valuable for mathematics education since they were the teachers of the future.

53



Considering the external validity in a qualitative study, there is a limited
generalizability of the findings because the main aim is to obtain unique
interpretation about a specific case (Cresswell, 1994). Cresswell (1994) mentions
that although the uniqueness of case studies replicate the studies in other contexts,
“statements about the researcher’s positions — the central assumptions, the selection
of informants, the biases and values of the researcher — enhance the study’s chances
of being replicated in another setting” (p. 159). As Cresswell (1994) and Yin (2003)
suggested, the design of the research, data collection and analysis procedure,
instruments, lesson plans, and findings of the current study were reported in detail so
that the data collection procedure can be understood by another researcher without
any step remaining unclear.

As Fraenkel and Wallen (1996) emphasizes, the obvious weakness of one-
shot research design is that the researcher lacks the opportunity for controlling the
variables. In this study, researcher could not compare the results obtained from the
views of the participants, with another group or with the pre-testing of the views of
the participants. There was a possibility that results might have been produced by
other variables rather than the use of CP. To remedy this design, triangulation
method was used. Following an instruction period of 5 weeks, participants were
asked to answer a questionnaire and were interviewed in three groups. In addition to
these three data sources, classroom observations of the instruction period were
analyzed. Combining the results obtained from the three data sources, namely the

triangulation of the data sources, increased the accuracy of the results.
3.5 Assumptions and Limitations

3.5.1 Assumptions

The assumptions of the study are listed below.
1. All participants provided honest and accurate information during the interviews.

2. All participants answered the attitude scales accurately and honestly.
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3. The researcher correctly recorded the data gathered from the interviews and

classroom observations.

3.5.2 Limitations

The limitations of the study are listed below.

1. The study was limited to 21 pre-service elementary school mathematics teachers at
the private university in the 2009-2010 academic year.

2. Generalazibility of the findings in another setting

3. The researcher effect occurred from the participant observer role of the researcher.
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CHAPTER 4

RESULTS

Results revealed by qualitative analysis of the three main data sources —
classroom observations, open-ended questions and interviews — were grouped under
three main categories. Analysis of the observations and open-ended questions
gathered from 21 participants were combined with the reported thoughts of 14
participants in the three interview groups.

Results were grouped under three main headings which are the use of CP as a
personal tool, the use of CP as an educational tool and motivation. The three main
categories and sub categories emerged in the analysis of the qualitative data is given
in Figure 3.

Participants’ views were categorized according to their aim in using the tool.
According to their statements during the classroom observations and interviews, they
categorized and rated CP as an educational tool in mathematics, a motivating tool
when compared to other instructional materials, and a personal tool which they

would like to use personally at home and out of the school, too.
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In this chapter, there are three parts regarding the three main categories. In
each section, results are reported with a table consisting the ideas, statements, and
comments of the participants related with the category and the frequency values of
these statements. Frequency values are given separately for each group (low,
average, and high) and total frequency considering all of the participants is also
presented in the tables. The expressions presented in the tables cover all the data
gathered from classroom observations, questionnaire and focus group interviews.
Whereas, frequency values refer to the data gathered from the interviews. Detailed
descriptions of the statements and excerpts from the interviews follow the tables.
Researchers’ observations in the instruction period and participants’ answers to the
questionnaire are also reported in the related parts. In between, the three interview
groups, which were classified according to their attitudes, were named as low,
medium and high attitude groups. In some parts where the results were reported
considering the three interview groups; low, average and high groups are expressed
as the first, second and third groups, respectively.

In the last part of this chapter, the results were reviewed and reported again
from a different point of view by comparing the participants’ views according to
their attitudes. The views of the participants having low, average and high attitudes
were compared. The analysis of the attitude scales were only used in forming the
interview groups. As the results of the attitude scales showed significance difference,
views of the participants differing in terms of their attitude were considered
important to be compared.

Participants’ views on personal use pointed the personal experiences while
using CP, the tool’s technical equipments and functions of the menus. For the
educational use, considering mathematics teachers’ and students’ benefits,
participants referred to the appropriate use of CP under the headings of effective use
of CP, appropriate grades for the use of the tool and comparison of CP with paper
and pencil. In the last heading, relationship between the GC CP and motivation takes

place.
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Four of the menus (main menu, graphs and tables, e-activity, and geometry)
of CP were frequently used during the instruction process. In order to provide the
reader conceptual understanding of the results, a brief explanation related to each
menu was given in methodology chapter.

4.1 CP as a Personal Tool

The analysis of the data gathered from the 21 participants of this study
revealed a category related with the personal use of CP. This category has three sub-
categories which are personal thoughts in personal use of CP, physical features and
technological equipment, and functions, menus and content of CP. These sub

categories are reported in this section under three separate titles, respectively.

4.1.1. Personal Use of CP

Participants’ ideas in terms of the sub category, personal use of CP is
presented in this section (See Table 12).

Table 12. The distribution of the low, average and high group participants’
views on the sub category, personal use of CP

Expressions Low Average High Total
(n=4) (n=3) (n=7) (n=14)
Personal Use f f f f
1. CP is easy to learn and use 4 - 6 10
2. 1 would like to learn all the 3 i 5 8
menus of CP
3. The better one uses CP, the
. 3 - 1 4
more he benefits
4. | am sufficient in using CP but
| can be a better user if I use it for 4 3 7 14
a long time
5. CP is necessary and important
o - - 4 4
to a mathematician
6. CP is fun to use 2 1 1 4
7. CP took attention of the people
- 1 6 7
around me
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Considering the five-week instruction period, participants in the first and
third groups think that learning how to use CP is easy. They considered the period
since they have met with the tool and gave examples from the training period In the
training period which corresponds to the first week, some of the participants
mentioned that the tool seemed very “strange” to them. By comparing the time of the
interview and the training week, they mentioned that they have learned “too much”
about the tool. Therefore, most of the participants expressed during the interviews
and in the last weeks of the instruction period that using CP is easy. They told about
their experiences from the tasks they worked on in classroom studies. In the
interviews after mentioning their experiences regarding the first week, participants
concluded that they feel more comfortable in using CP at the end of the five-week
classroom studies. This was mentioned not only during the interviews but also at the
end of the instruction period in the classroom when researcher asked the participants’
thoughts about the period, almost all of them defined themselves as an efficient users
of CP. As in the script below, they expressed that using CP is not that hard as they
thought when they first met the tool.

“After learning, everything becomes easy.” (Group 1, Person No: 7, Page 3,
Line 103)

When P7 expressed that after the learning process there is no difficulty, P1
confirmed him. P20 gave an example to explain how he felt about the use of CP. He
likened CP to touchpad cell phones, which almost every friend of his owns one of
those cell phones. He mentioned that operating CP is as easy as operating those new
technology cell phones.

“Everything writes there already, we can explore from there.” (Group I,
Person No: 1, Page 1, Line 31)

“Everyone has a cell phone anyhow, it (CP) is very similar to a phone, and
similar to a calculator. Its use was very easy; it was not hard for me.”
(Group 3, Person No: 20, Page 3, Lines 106-107)

In addition to the easy learning and using of the tool, some participants in the

third group mentioned the practicality feature of the tool. The facility of CP of giving
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immediate feedback was considered as practicality and participants mentioned this
frequently through the classroom studies.

“You say solve the equation, we immediately push action (command),
inequalities (command), and solve (command), or write the equation and
click exe (button). 1t (CP) has this kind of practical facilities.” (Group 3,
Person No: 4, Page 1, Lines 29,31)

All the participants in the three groups expressed that they consider
themselves sufficient in terms of using the four menus that they have used in the
instruction period. Whereas, they all think that they are not sufficient when they
consider all the facilities and menus of CP. Moreover, participants showed an interest
on using CP professionally. Through the last courses, they mentioned that their
familiarity and experiences with the tool make them interested in all the functions of
the tool. They also stated that their interest leaded them to learn all the menus and
every function of each menu in CP. In all the three groups, participants expressed
their eagerness on learning CP as the following scripts.

“We could have learned other things. There are a lot of menus, we used only
e-activity, main menu and graphs. That would be better if we have learned
more.” (Group 1, Person No: 5, Page 1, Lines 36-38)

“I would really like to know how to use all the menus in this tool
professionally.” (Group 3, Person No: 3, Page 7, Lines 222-223)

All the participants in the three groups stated that they will be able to use CP
more effectively if they use it longer than the five-week instruction period. During
the four weeks of the instruction period, participants used CP in elementary level
algebra subjects. By mentioning this, they also stated that their eagerness to use a GC
while working on the mathematical subjects at university level increased.

“As we studied 6™ 7" and 8" grade algebra... I mean we learned how to do
things we already know in different ways. If we had learnt how to use CP in
higher level subjects for example like linear algebra, trigonometry, that
would be better.” (Group 1, Person No: 2, Page 2, Lines 79-82)

“ (Five weeks) Not enough for me. Because five weeks was a short period of
time but we learned the basic things. We are able to do them, for example we
were able to solve the equations.” (Group 2, Person No: 17, Page 6, Lines

191-192)
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P20 argued that they would be using the tool with all its features if they had
been dealing with it for the whole course time, through the two semesters which P3
and P14 also confirmed.

In the observations and interviews, most of the participants expressed that
they tried to make calculations with CP and tried to explore the other menus of the
tool different than the menus that they had experienced in the instruction period. On
the other hand, a common thought expressed in the three groups was that they
needed assistance to use the menus when it was their first time. This was also
observed during the instruction process that students were not able to use the menus
effectively which were not thought by a teacher. Some of the participants gave
examples from their experiences while working on subjects other than elementary
level algebra. They mentioned the difficulties they faced when there was no one
guiding them to find the needed functions.

“Actually I can not use it totally, so as in the classroom. For example we
were solving an equation, we click there, click solve. If you do not show, we
might find by searching but we can not find immediately.” (Group 3, Person
No: 16, Page 7, Lines 243-245)

“I tried to solve integral, it solved some of them and did not solve some
others. Also, in graphs I tried logarithmic graphs but I could not.” (Group 2,
Person No: 17, Page 1, Lines 9-10)

After the researcher reminded them that she had told them to try using the
menus they did not know in their free times, P3, P14, and P16 mentioned the need
for an assistance for the unknown menus as:

“We tried, but you come to a point that you can not even log out of the
current page (window)... If we have learned those in the lesson, we might be
able to do the rest, if we had time. That would be great.” (Group 3, Person
No: 3, Page 7, Lines 227, 238)

“We learned this for 6" 7" and 8" levels. There are a lot of menus we used...
But we did not learn most of them. | turned it on at home; | did not
understand anything. We should have some basic knowledge about that
(menu).” (Group 3, Person No: 14, Page 18, Lines 667-669)
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Regarding the benefits, obstacles, features and the menus of CP that they had
experienced in the five weeks of the classroom studies, participants expressed the
meaning of CP for themselves and for people dealing with mathematics. They
exemplified the role of CP for mathematics teachers in two ways such as for a
mathematician being helpful in professional development and for a teacher in task
preparation. In the third group, four participants mentioned the importance of CP for
mathematicians as follows:

“It (CP) is beneficial for the one who use it with all of its functions and who

is dealing with this work. It saves time, too.” (Group 3, Person No: 4, Page
20, Lines 751-752)

“I think, when we think hard on CP, | mean when we understand it more, use
it more practically, as a mathematician especially in graphs, functions and
etc, it could become a part of our lives. In my opinion, if we work on it some
more, improve ourselves more, we can benefit from it.” (Group 3, Person No:
3, Page 2, Lines 39-42)

Considering the easy use of CP, willing to learn all the functions of it and
considering CP as tool that has a crucial role for a mathematician, participants
mentioned that the better one uses CP, the more he benefits.

“After having learned, they (users) can benefit more from this. | mean we can

not benefit totally because we only use (limited with) as far as we know.”
(Group 1, Person No: 1, Page 5, Lines 209-210)

“When we have learned how to use it, we understand that it is very
beneficial.” (Group 3, Person No: 20, Page 21, Line 793)

P1 and P2 from the first group mentioned that using CP was enjoyable for
them. Similarly, this was also frequently observed during the instructions that P1
used CP even in the breaks and asked several questions to the researcher about every
menu of the tool.

Like P1 and P2, P16 was also very interested and eager to learn CP with all
its functions; did not give up at the times she could not operate the calculator. P16
was a participant selected to be in the third group of the focus group interviews but
did not attend the interview. She expressed her ideas about CP in the classroom with
the following expression taken from the video records:
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“Since I started university, it is the first time | feel that | am in a department
dealing with mathematics.”

Third group has the maximum interest in the use of CP. As this was the result
of the analysis of the attitude scales, the interest of the 8 participants in the third
group was also observed in the classroom studies, seen in the answers to the
questionnaire and reflected in the group interview.

In addition to their personal interest on the tool, some participants in the
second and in the third groups mentioned the interest of the people around them to
CP. In the second group, P17 expressed that his friends found CP different for the
reason that the tool covers almost all of the mathematical subjects. In the third group
6 participants pointed to people’s views around them. P16 mentioned her brother’s
response on CP.

“I looked at the things we did not do in class. There was finance, statistics. 1
do not understand most of them; I do not know any statistics. My brother is a
student in Hacettepe, he has statistics courses, |1 showed him. He told me

something about it. It (CP) took so much of his interest, too.” (Group 3,
Person No: 16, Page 7, Lines 231-233)

P21 from the third group mentioned his friends’ interest on the tool by
expressed that a friend of his who was a student in economy wanted to buy a CP for
himself when P21 introduced CP to him. Another participant, P4, has been giving
private lessons on mathematics, one to one and as a group, to the students who are
preparing for university entrance exam. He explained his experiences with his
students as in the following script.

“My student said, ‘teacher, give me half an hour.” He solved all the questions
in mathematics-2 part of the preparatory exam of LYS (national student
selection examination) with this (CP). All of the questions. There is no
question that he could not solve... The general concept was derivatives,
integral, trigonometry, sequences, series.” (Group 3, Person No: 4, Pages
11-12, Lines 413-414, 416, 418)

In the third group, 5 participants also stated that the people around them

whom they do not know also show interest to the tool, in the school bus and outside.
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There was not enough information in views of the second group about the interest on
CP from outside.

Despite the facilities of CP such as practicality, broad content, enjoyable and
usefulness; three participants in the third group stated a disadvantage that CP might
cause which is the tool might condition the users for ready-made answers.

“We might be getting lazy but it (CP) is needed.” (Group 3, Person No: 20,
Page 20, Line 746)

“Generally, it is good. Actually, I thought about it in my free times. It is a
very good tool in terms of its use. But it gives a little bit laziness in terms of
calculations, presents ready made information.” (Group 3, Person No: 4,
Page 1, Lines 10-12)

4.1.2 Physical Features and Technological Equipment

Participants’ ideas in terms of the sub category, physical features and

technological equipment of CP is presented in this section (See Table 13).
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Table 13. The distribution of the low, average and high group participants’
views on the sub category, physical features and technological equipment of CP

Physical Features and Low Average High Total
Technological Equipment (n=4) (n=3) (n=7) (n=14)
1. Touchpad is an advantage 1 - - 1
2. Using stylus sometimes causes 1 1 2 4
problems

3. CP can connect to internet 3 1 6 10
4. CP can have a colorful cover 2 - 3 5
5. Screen can be lightened 3 - 5 8
6. The size of CP can be smaller 2 0 4 6
7. Screen dimensions are 3 1 4 8
appropriate or can be enlarged

8. CP can have sliding keypad 3 1 5 9
9. Screen can be displayed 1 - 4 5
colorfully

10. CP can be equipped with a 1 - 1 2
video camera

11. A memory card can be added 0 - 1 1
12. CP and computer connectionis 0 - 2 2
an advantage for teachers and

students

13. CP can also work with a battery - - 4 4
14. CP can be voiced to learn a - - 1 1

foreign language

Participants were observed as comfortable with the physical features of CP
during the courses. They got used to the sizes of the tool in a short time, they were
able to use the stylus (the pen of the tool to operate the touchpad screen) in right
directions. During the observations, in their answers to the questionnaire and in the
interviews, the common response was that they had no complains of the existing

technological equipment of the tool. Thus, they gave some suggestions to improve it.

Participants in the first group did not mention any problems in the use of CP
at all. One participant in the first group considered touchpad as an advantage.
Although only one participant mentioned this, during the observations most of the
participants were impressed with the touchpad feature of the tool and they stated that
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it was a “charming” advantage of the tool which encouraged them to use the tool. On
the other hand, three participants stated that stylus sometimes causes problems. One
of them was P1 who sometimes had problems with stylus in some courses. This
problem was solved with the calibration setting of the tool. Other participants gave
examples about how they faced some problems occurred from the stylus as in the
following excerpts.

“Sometimes we click, it reacts after more than one time...I had this
sometimes, I mean a few times.” (Group 2, Person No: 10, Page 3, Lines 72,

74)

“While using this pen, it sometimes works slowly, it causes a problem
sometimes. When my hand gains speed, this time pen can not catch me up. |
click, it can not catch me. It sometimes halts.” (Group 3, Person No: 12,
Page 4, Lines 108-110)

Another function that participants suggested during the observation period
was approaching to internet via CP. In the first group, 3 participants suggested the
connection of the CP to internet for educational aims such as students can download
questions or assignments that teacher have put on a website.

“It certainly should be connected to internet. One can download question

from there, and solve the questions on it.” (Group 1, Person No: 1, Page 7,
Lines 289-290)

In the second group, only 1 participant mentioned internet connection.
Whereas, in the third group, 6 out of 7 participants wished CP would connect to the
internet. During the instruction process, internet connection was frequently subject of
discussion that almost all of the participants suggested.

In the third group, two participants considered the connection of CP to
computer as an advantage for teachers and students. P20 wondered sending files
from CP to computer when the memory of CP is full. He was impressed with this
connection. He asked about this connection and file transfer in the classroom during
the instructions and he stated that this is a very useful facility for students. He asked

about this again in the group interview.
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For the physical features of CP, 2 participants from the first group and 3
participants from the third group suggested that the tool could be in different colors.
The reason was that, P14 imagined two tools; one of them having different level of
menus in it, the other one for elementary grade and the other for secondary grade.
Therefore, he suggested the color also differ as the content. P14 from group three
expressed her reason for a colorful CP as:

“In my opinion, it should be in different colors. Both elementary and
secondary grades should not use the same color... Colorful covers will be
absolutely interesting.” (Group 3, Person No: 14, Page 6, 17, Lines 203-204,
641)

In the first and third groups, 3 and 5 participants respectively, mentioned the
illumination of the screen. They expressed that the light of the screen is too low to
use the tool in the evenings.

“If it can be illuminated, it will be easier to study in the evenings.” (Group I,
Person No: 7, Page 3, Line 110)

“It should be illuminated to use at nights.” (Group 3, Person No: 3, Page 17,
Line 643)

In the first group, 2 participants thought that CP should be smaller in
dimension but wider in the screen. They suggested that screen should show more
images at once. Besides, P5 thinks that dimensions of the tool should be smaller
when the tool is considered as a calculator, whereas P1 and P7 prefer the present
dimensions of the tool because it has a wide screen.

Another suggestion about the technological equipment of the tool was, as 1
participant suggested, the images on the screen turn when the tool is turned.

“Also, when we hold it like this (by tilting it to left), screen can turn. It can be

used like this. Screen will become bigger and wider.” (Group 1, Person No:
5, Page 7, Lines 302-303)

In the first group, P1, P2 and P7 suggested that keyboard of the tool can be
movable and sliding that it can be used when it is needed. Whereas, in the second

group, P19 suggested to remove the keyboard and to enlarge the screen.
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“For the dimensions, screen can be enlarged a little more. If there will be a
new model, | think these buttons are unnecessary, because there is a

touchpad keyboard which does the same things.” (Group 2, Person No: 19,
Page 9, Lines 300-303)

Third group reached the solution of keypad being portable by expressing two
opposite ideas. In the third group, 4 participants suggested that CP can be smaller in
dimension but the screen dimensions will remain the same. They suggested reducing
the tool to a pocket size by removing the keypad buttons.

“If touchpad screen will be more practical in use, there will not be any need
for the buttons below. It can be just the screen... For the screen this size is

ideal actually. Not too large, not too small. Things can be seen quiet clearly.”
(Group 3, Person No: 4, Page 17, Lines 602, 606-607)

For the suggestion of removing the keypad buttons on the CP, three
participants (P3, P4 and P20) expressed the reason of more functional keyboard
appears on the screen.

“Below the blue buttons are needless.” (Group 3, Person No: 20, Page 17,
Line 608)

In addition to the keyboard appears on the calculator that has buttons related
to basic calculation as in a regular calculator, there is a more functional keyboard on
the touchpad screen. In the third group, P4 suggested the touchpad keyboard that
appears on the screen be enlarged in order to prevent wrong clicks.

“For the appearance of the screen, keyboard could have been bigger. For
example when I click plus, generally the thing I see on the screen is the word
ans. ‘Ans’ button is under plus button, when you click plus you click ans. |

check the calculations, they are full of ans.” (Group 3, Person No: 4, Page 4,
Lines 112-115)

P14 from group three defended an opposite idea to others by stating that the
tool being only touchpad is not appropriate for elementary grade students instead,
buttons and keyboard is better for them. P21 confirmed this idea.

“We handled this tool for elementary grades. You showed us things that they
will deal with. According to me, touchpad is not an advantage for 6" grade. A
person in our age may use this comfortably, we even had difficulties. Rather
than touchpad, normal keyboard makes more sense.” (Group 3, Person No:
14, Page 6, Lines 193-196)
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P4 and P20 implied that it is about getting used to touchpad. They believed
that the more experience one have on the use of CP, the more he gets used to the
touchpad key board. Some of them mentioned that CP is like the new technology
touchpad call phones that almost everyone owns one. Therefore, most of the
participants believed that operating the touchpad screen would not cause any
problems in long term.

“You will learn by using and using.” (Group 3, Person No: 20, Page 17, Line
622)

“I can give an example about myself. I was using my normal call phone. After
using i-phone | got used to I-phone and | can not use normal cell phone now.
For example, | had so much difficulty while text messaging with i-phone. This

is a habit. If you use it, you also get used to it.” (Group 3, Person No: 4,
Page 17, Lines 625-630)

“You can get used to it.” (Group 3, Person No: 20, Page 17, Line 631)

The other feature suggested to be included in CP was colorful screen. It was
suggested by 1 participant in group one and 4 participants in group three regarding
that the tool can be interesting and take more attention with a colorful screen.

There were other technological equipments that participants suggested to add
to CP. From group one and three, 1 participant from each, suggested that camera can
be added to CP. P20 from group three suggested the camera in order to record the
teacher and lesson. P21 from group three suggested memory card to be added to CP.
P21 suggested a program download to CP, which enables the teacher to control
students’ CP works on the teacher’s computer. P17 in the first group has a concern
about the technological part of the tool that it can suddenly turn off as it works with
dry cells.

“It is already an electronic tool, although it is tuned off the screen you are
working on comes up again, but it might brake suddenly or its batteries may
die.” (Group 1, Person No: 17, Page 2, Lines 44-45)

In the third group, 4 participants suggested batteries as an alternative to dry

cells. Some excerpts about using batteries are given below.
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“We use this by dry cells. There can be both dry cells and charge... I do not
know if it can be, but both of them, you can either use the dry cells or the
charge.” (Group 3, Person No: 3, Page 6, Lines 188-189)

“As I have mentioned in the beginning, I do not approve dry cells. Every one
uses chargeable tools now. This can also be chargeable. Moreover, dry cells
fill space.” (Group 3, Person No: 20, Page 18, Lines 646-647, 649)

P4 and P20 also suggested CP be chargeable with usb connection. P3
suggested the tool be appropriate for the use with both dry cells and battery. P4 from
group three suggested the tool speak out with a voice facility if it will contain

dictionary in the new models.

4.1.3. Functions, Menus, and Content

Participants’ ideas in terms of the sub category functions, menus and content
of CP is presented in this section (See Table 14).
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Table 14. The distribution of the low, average and high group participants’
views on the sub category, functions, menus, and content of CP

Expressions Low Average High Total
(n=4) (n=3) (n=7) (n=14)

Functions, Menus, and Content f f f f

1. The content of CP is broad and 3 - 5 8

sufficient in terms of mathematics

2. It provides ease in calculation 3 - - 3
3. E-activity is a frequently used 1 2 7 10
and useful menu

4. E-activity should be revised in - 2 - 2
order to provide ease in usage

5. Geometry menu is interesting for 1 1 1 3
me

6. CP is a beneficial tool as it 4 2 7 13

provides calculation, solving
equations and graphing

7. The menu Spreadsheet is hardto 2 - - 2
understand and use

[EEN
[
\l
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8. CP can show calculation steps

9. Menus can be separated - - 3 3
according to grades and be
downloaded when needed

10. Other subjects like chemistry - - 4 4
and physics can be added to the

content of CP.

11. For ease of use, the language - - 2 2
should be totally Turkish.

12. Foreign language menu can be - - 5 5

added.

All the participants in the first group regarded the menus of CP as having full
content for all levels of mathematical subjects. In addition, 5 participants from the
third group emphasized the usefulness of CP in university level especially in the
mathematical courses that they will take at their second and third year. They
expressed their ideas on the content of CP as follows.

“In the further semesters we will learn double, triple integrals. This (CP) can
be beneficial in those subjects.” (Group 3, Person No: 21, Page 12, Lines
421-422)
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“We met with this (CP) in university level, started to use it at university. We
will have physics course, too. I think, we should be able to use it in physics,
too.” (Group 3, Person No: 3, Page 18, Lines 670-671)

On the other hand, some participants expressed that they do not have any idea
whether the tool is sufficient for all the subjects of mathematics in all grades because
of the reason that they have only learned to make calculations on elementary level
algebra.

“We did not try to learn the things it can not do. You showed us things that it
can do.” (Group 1, Person No: 2, Page 3, Lines 112-113)

There was not enough information about views of the second group in terms
of the content of CP whether it is broad or not.

All of the participants in the first group mentioned the easy use of the tool.
They stated that they feel comfortable while using CP because it provides
computational easiness such as immediate calculations and sketching; assists the user
in operating the menus easily. They gave some specific reasons as:

“We can solve everything easier, when we write an equation it finds directly
everything about it.” (Group 1, Person No: 5, Page 1, Lines 21-22)

“Especially in graphs, you do not deal with any point or any part of it.”
(Group 1, Person No: 1, Page 1, Line 23)

“We push some buttons at most.” (Group 1, Person No: 7, Page 1, Line 24)

In the second group, 2 participants stated several reasons for considering CP
as a beneficial and useful tool by giving examples from their experiences. In addition
to the graphing facility which was mentioned in the first group, participants of the
second group also emphasized solving equations with CP. In the graphics and tables
menu, in the tasks related with equations participants realized that CP provides
several functions such as sketching the graph of an equation by dragging the
equation to the coordinate axis window, showing the variable table of a given
equation, and the graph changes when the coefficients of an equation is changed. P17

exemplifies these functions by referring to the algebraic tasks as follows.
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“In some equations, like x equals to y equations, we were able to see the
variables of the equations in the table, and also we hold the graphs and put it
inside, it was so much fun.” (Group 2, Person No: 17, Page 3, Lines 64-65)

For the numerical calculations in the main menu and solving equations in
graphics and tables menu, the idea that CP should show the steps of the calculations
was mentioned by 1 and 7 participants from the first and the third group,
respectively.

“This tool directly solves the question, skips the steps, gives the result
directly. For example, when we solve a question we do step by step, | mean
we do the summing, subtracting. This (CP) makes us solve the question
directly.” (Group 1, Person No: 5, Page 3, Lines 130-132)

“In the subject equations, there should be the steps.” (Group 3, Person No:
21, Page 16, Line 579)

P4 from the third group explained the need of seeing the solution steps by
mentioning factorization as an example as in the following script.

“For example we do factorization, we say the equation X square minus X is
minus two; factorize it. We write it here (CP), okay, we push exe it is
factorized, no logic. What is it? How do we factorize?” (Group 3, Person No:
4, Page 2, Lines 56-57)

Participants criticized CP in terms of its menus. Firstly, among the menus of
CP, e-activity was considered as an important and useful menu for the fact that in e-
activity there is a platform to bring up all the needed menus and functions of CP
together. When participants was asked the question of “what would you change to
make a better GC”, P1 expressed her idea as:

“E-activity should be included (in a new tool), as everything can be done by
using it.” (Group 1, Person No: 1, Page 7, Line 284)

P10 and P19 mentioned the menu e-activity as the key menu for the reason
that the menu enables the user to combine other necessary menus and bring up the
functions together. Similarly, all of the participants from the third group consider the
menu e-activity as a menu includes all the other menus in CP, letting to transform
equations into graphs; therefore very useful. Participants expressed their views about

the facilities of e-activity menu as in the following excerpts:
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“Everything.” (Group 3, Person No: 20, Page 7, Line 255)

“We are able to open two or three pages at the same time which is very good-
one for the equation, another for the graph. In the same page you can pass to
the one you want to.” (Group 3, Person No: 4, Page 7, Lines 256-257)

On the other hand, despite mentioning the facilities that e-activity provides, 1
out of 14 participants attended to the interviews expressed that she could not use e-
activity comfortably and effectively.

“If I am to talk about my experiences, some menus seemed complicated to
me. | was having difficulty especially in e-activity, it was too complicated for
me... It seemed very complicated to me. As we do lots of things there,
equations etc, | get confused. ” (Group 2, Person No: 19, Page 5, Lines 149-
150, 153-154)

As a solution, P17 gave a suggestion to make the menu e-activity more
understandable and be operated easier. As P17 considered e-activity menu having so
many functions, she suggested that the menu might include sub titles and be divided
into some sub menus.

Secondly, geometry menu was considered as the other menu which has
several functions to study most of the geometrical subjects. Participants expressed
that the visual screen where the geometrical figures are constructed, takes attention,
enhances interest to work on geometry; therefore facilitates learning. Specifically,
P3, P5 and P19 mentioned geometry menu as useful, understandable and interesting.

“In my opinion, I would use CP mostly in geometry... For the figures,
visualization, and taking students’ attention more in the lesson, I liked

geometry menu more. It can make students more active.” (Group 3, Person
No: 3, Page 13, Lines 455-458)

All the participants in the first group referred to the graphing and sketching
abilities of CP which allows for immediate and accurate construction of geometrical
figures. For these reasons, they considered geometry menu useful and beneficial.

“It (CP) provided convenience mostly in graphs. Because it sketches
immediately.” (Group 1, Person No. 5, Page 2, Line 49)

Lastly, in the interviews, participants complained about operating the

spreadsheet menu. Also in the classroom studies, participants faced obstacles in the
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course when they were conducting a task on spreadsheet menu. P1 from the first
group expressed that she could not use the menu spreadsheet in the classroom
exercises; therefore could not understand the aim of it. P7 confirmed her view.

“Spreadsheet can be changed to be seen totally. Half of it is there, half of it is

here, you can not see the whole. Then, you can not do anything.” (Group I,
Person No: 1, Page 7, Lines 288-289)

Considering all of the menus, functions and CP as an educational tool there
were suggestions to improve CP. In the third group, P14 and P20 suggested that CP
can be separated according to the curriculum for each level.

“I would divide CP into two. You will say how. I think there are too hard
subjects in it, also too simple subjects. We can do every kind of calculation.
For example if we give this to an elementary grade student, how will he
understand integral, derivative, limit, algebra?” (Group 3, Person No: 20,

Page 4, Lines 127-129)

P4 rejected this idea by saying that as a teacher they can use CP in the
subjects and specific parts of the lesson which they consider appropriate. He
imagined CP as a tool having a download function and the user could select and
download a program when needed. P4 explained his suggestion as follows:

“It can be produced as a tool. For example, there can be programs for each
level in its own web site to be downloaded as it has usb connection... For
example you can download the program for sixth grades.” (Group 3, Person

No: 4, Page 4, Lines 132-133, 135)
In contrast to P20, P3 states that she prefers the tool originally with all its
menus included in it and explains the reason of her idea as:

“In my opinion, it is very good to include all the subjects in it, because you
never know which of them you will need anytime.” (Group 3, Person No: 3,
Page 6, Line 183)

Another idea that came up from the participants during the interviews was
that they would prefer to use CP in other courses. The reason that CP is a
mathematical tool, serves visualization to the user, includes mathematical menus that

can be used in other science areas; participants chose to use the tool in physics and
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chemistry, too. Therefore, subjects, other than mathematics, were recommended to
be added to CP by 4 of the participants in the third group.

“Programs of science and social sciences can be downloaded to these tools.
They (elementary grade students) have three basic courses. This can be
efficient in history courses, too. Instead of reading from the book, it can be
more interesting to see things here (CP).” (Group 3, Person No: 21, Page 13,
Lines 486-488)

“The content of it is good. But as P21 said, physics and chemistry can be
added. They are also quantitative. ” (Group 3, Person No: 20, Page 18, Lines
664-665)

“We met with this (CP) in university level, started to use it at university. We
will have physics course, too. | think, we should be able to use it in physics,
too.” (Group 3, Person No: 3, Page 18, Lines 670-671)

“These courses are everywhere, in elementary school, high school. These
include graphs, too." (Group 3, Person No: 20, Page 18, Line 672)

Other than the courses those includes mathematics, 4 participants in the third
group suggested the tool include a menu for foreign languages for their personal
development as a teacher. P3, P14, P20 and P21 think that with the help of a
language menu, they can learn technical terms about teaching and mathematics in
English or in another language. A foreign language menu was suggested to be one of
the downloadable programs as the participants mentioned before.

Apart from its content, in the third group, 5 participants mentioned the
language of the tool. They complained about English written menus and
recommended the tool be in Turkish to be more understandable and for efficient use.

“There is one thing very important. We are used to mathematics, as we are a
student in mathematics. This tool is half Turkish and half English now. If it
will be used in lower levels this should be totally explained in our language.”

4.2 CP as an Educational Tool

Educational use of CP is classified into four main titles; effective use of CP,
use of CP in elementary level, appropriate grades for CP use and comparison of CP

to paper and pencil.
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4.2.1 Effective Use of CP in Education

Participants’ ideas in terms of the sub category, effective use of CP in

education is presented this section (See Table 15).

Table 15. The distribution of the low, average and high group participants’
views on the category, effective use of CP in education

Expressions Low Average High Total
(n=4) (n=3) (n=7) (n=14)

Effective use of CP in Education f f f f

1. CP is sufficient in terms of all

algebraic subjects in elementary 3 - - 3

level

2. CP helped me like algebra 3 1 2 6

3. CP helps you save time 2 3 2 7

4. Visualization facility of CP is an
advantage in learning mathematics
5. Multiple representations facility
of CP is an advantage for learning 1 - 4 5
mathematics

6. 1 would use CP in classroom

3 7 11

3 3 7 13

when | am a teacher
7. Teachers should be capable of

) - - 7 7
using CP
8. Crowded classes would cause 1 1 5 4
problem
9. Courses will be out of ordinary ) 1 1
with the use of CP
10. Use of CP would lead students i i 3 3

to research based learning

Participants mentioned their views on CP as an educational tool considering
the algebra instruction period. All of the pre-service teachers participated to the study
mentioned that CP had a broad content for elementary level algebra education. They
mentioned that they liked mathematics, especially algebra, when they studied on
algebraic tasks with CP. Some participants mentioned the change in their views
about mathematics, particularly algebra. Participants reflected their ideas by

explaining their feelings prior to meeting CP about mathematics.
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“I normally don’t like mathematics I even hate it. I don’t even want to attend
the courses. I don’t understand much, either. But this tool itself make the
calculations, you see everything. As it is enjoyable, I liked it. It is like | feel
more self-confident.” (Group 1, Person No: 1, Page 2, Line 63-66)

“I was not able to solve problems. | put them into this (CP) and it
immediately solved.” (Group 1, Person No: 1, Page 2, Line 75-17)

“It makes you like it (mathematics).” (Group 1, Person No: 5, Page 2, Line
67)

With the support of their experiences, all of the participants expressed that
the use of CP would positively affect students in learning mathematics and CP will
make the students like the lesson same as the way they felt.

“It will make the students like mathematics.” (Group 3, Person No: 14, Page
21, Line 763)

“For a student... There is no such thing that all students like mathematics.
Point of view of a student who does not like mathematics might change.
Firstly, the course will be out of ordinary. Secondly, as P20 said we will be
able to verify ourselves. Yes, maybe we can do calculations from our memory

but when we see that here (CP) it is a concrete example of it.” (Group 3,
Person No: 3, Page 21, Lines 780-784)

In addition to capturing participants’ interest on mathematics, CP seemed like
a time saver machine for participants. By referring to the classroom studies, they
expressed that time was saved in the learning and teaching period by leaving the
calculations to CP. Therefore, they mentioned that students would be able to work on
more activities and tasks in the remaining times.

“Learning will be faster.” (Group 1, Person No: 7, Page 3, Line 91)

“Less time is needed when doing exercise. Time spent will be less. ” (Group
1, Person No: 7, Page 3, Line 91)

In addition to the comments on the time saving role of CP mentioned in the
first group, 1 participant in the second group reflected his idea by referring GCs’ role
of verification. In the third group, P4 associated multiple representation facility of
the tool with the time saved during the courses. After the other participants’

comments about the tool that it gives opportunity for multiple representations, P4
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mentioned that this also saved time spent by producing those representations by
hand.

“CP will show them (students) where they made mistakes. They might not
need a teacher... They will actually but they might understand without asking
a question. In that point, time will be saved. Because, rather than intervening
to 40 students, intervening only one student who does not understand is better

for me. | will solve more examples.” (Group 2, Person No: 17, Page 5, Lines
143-147)

“The most important thing is that it saves time.” (Group 3, Person No: 4,
Page 8, Line 268)

Opposite to the other participants of the third group, P20 thought that using
CP will lead to waste of time when used in elementary grades because of the reason
that elementary level students will have difficulty in using CP.

Another role of CP that participants mentioned was visualization. 11
participants mentioned the visualization facility of the tool in the interviews and
during the classroom studies. In the first group, P1 explained how much she liked
mathematics by studying with the tool CP for the reason that CP provides visual
representations which captured her attention and enhanced her understanding of
mathematics. She was also one of the most interested students on CP during the
instruction period. She used to stay in the classroom during the breaks and cope with
CP, ask questions about several facilities of it, and never gave up trying during all
the tasks.

In the second and third groups, all of the participants mentioned visualization
as an advantage for several reasons. From the second group, P10 thinks that
elementary students will get to understand more if they solve examples with CP. P19
was impressed with the visual representations of the geometry menu. Regarding to
the visualization aspect of CP, P17 mentions the graphing facility of CP.

In the third group, different than the views of the second group, participants
referred to the benefits of visualization such as it takes the user’s interest, provides

permanence, enables to compare numerous graphs, widens the point of view by
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sliding and tracing facility, and provides construction of several shapes. Participants
explain these advantages of visualization that CP serves in their words as:

“Visual. Takes student’s attention more.” (Group 3, Person No: 16, Page 2,
Line 49)

“Think of a student who knows equations, graphs, and how does he benefit
from CP? For example, he would realize the difference between the graphs of
x square and x square plus one. He would see better, I mean as visual... You

can sketch and see both of them at the same time.” (Group 3, Person No: 4,
Page 3, Lines 77-80)

“For example, when we say (draw) x square minus four, we slide it to left and
right. When teacher draws on the board, we can only imagine. We think that
when this is the case it will be that way. But as we have the option to trace the
point (in CP) it is more real and more memorable. It is better... The same is

valid for polygons when constructing different shapes, there is visualization.”
(Group 3, Person No: 3, Page 3, Lines 87-89, 97)

“A wider area... I mean, as we slide coordinate axis to see its upper, down,
left and right parts, you can see the rest of it. Wider.” (Group 3, Person No:
12, Page 3, Lines 90, 92-93)

In the interviews, 5 participants mentioned the multiple representations
facility of CP. They referred this facility as an advantage for mathematics learning as
it provides seeing several representations such as graph of an equation and its table
of variables at the same time.

“In some equations, like x equals to y equations, we were able to see the
variables of the equations in the table, and also we hold the graphs and we
put it inside the coordinate axis, it was so much fun.” (Group 2, Person No:
17, Page 3, Lines 64-66)

In the third group, 4 participants mentioned the multiple representations
facility by referring to e-activity menu. As mentioned at the beginning of this
chapter, e-activity enables the user to combine all of the menus in the content of the
tool. Therefore, participants explained that using “more than one window at the same
time is very good” as you are able to see the whole.

“We are able to open two or three pages at the same time which is very good-
one for the equation, another for the graph. In the same page you can pass to
the one you want to.” (Group 3, Person No: 4, Page 7, Lines 256-257)
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“You can see the whole, it is a very good thing according to me.” (Group 3,
Person No: 14, Page 8, Line 262)

Taking the roles they assigned to CP into account, participants argued
whether CP should be used in elementary level mathematics teaching. In the first
group participants expressed their ideas on the use of CP in elementary grades as
“possible” (Group 1, Person No: 5, Page 6, Line 252), whereas 3 participants in the
second group were strongly agree to use CP as an educational tool in mathematics
courses. In the third group, all of the participants agreed to use CP as an instructional
tool in mathematics courses. P3 mentioned especially the menu geometry by
explaining that working with a tool that provides multiple representations “will
increase elementary students’ interest” and make students ‘“active” during the
courses.

“In my opinion, I would use CP mostly in geometry. For CP, others (menus)
might be hard for students. For the figures, visualization, and taking
students’ attention more in the lesson, I liked geometry menu more. It can
make students more active.” (Group 3, Person No: 3, Page 13, Lines 455-
458)

Remaining participants who were not certain to use CP in their courses had
concerns about being able to use CP efficiently, teaching how to use CP to students,
and whether elementary students’ would use CP comfortably.

“It is hard for a teacher to explain and teach CP.” (Group 1, Person No: 2,
Page 4, Line 162)

P20 from the third group also agreed to use CP in mathematics as an
instructional tool but he had concerns about how to integrate CP in elementary level
mathematics subjects. He doubt that students would depend on CP too much that
they would not make any mathematical calculation by hand. P20 gave explanation to
his concern as follows:

“In algebra, for example three x plus five equals to eighty one, find x. If the
kid can not solve this in mind he should not use this tool either... In
elementary grade subjects the kid should use his brain, not the tool. I am
agree for secondary school, in secondary grade subjects like functions...”
(Group 3, Person No: 20, Page 9-10, Lines 317-318, 341-342)
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Another participant, who is from the second group, was not totally sure to use
CP in elementary school mathematics courses for the reason that she had problems in
operating the tool. She mentioned that she would not use the tool in all subjects;
rather she would select several subjects for CP use, such as geometry.

“It (CP) seemed complicated to me... If I am to use CP, I would use
Geometry menu, for example in the subject triangles. 1 make use of it too
much.” (Group 2, Person No: 19, Page 5, Lines 154-155)

All the participants of the third group agreed on the idea that teachers should
be capable of using CP efficiently. They believed that teacher will be the guide in the
classrooms and will be responsible of helping the students in any obstacle they face
while working with CP. Therefore, teachers should be experienced in using CP.

“There can be a special class and a teacher while teaching this tool. The
teacher should be a person who has mathematical knowledge and uses CP
professionally.” (Group 3, Person No: 14, Page 15, Lines 557-558)

Moreover, about teachers’ management in a classroom where CP is used, 3
participants emphasized that students’ works on CP should be under teacher’s
control. P20 showed the researcher as an example to the controlling teacher type.

“Teacher Merve was always asking us like is there anyone who can not
follow, should I help.” (Group 3, Person No: 20, Page 15, Lines 544-545)

In addition, all the participants agreed that as they are pre-service
mathematics teachers, they should have a particular course on how to use CP in
university grade. P3 had an additional suggestion that CP can be useful also for
science teachers in physics and chemistry courses.

Four of the interviewed participants stated that CP use would not be efficient
in crowded classes. They stated reasons for this idea as at the beginning, teaching
how to use CP in a crowded classroom will be hard for the teachers and during the
courses, to interfere every problematic situation that students face there will be a
need for extra time. P14 from the third group explained the classroom that she thinks
appropriate for CP use as:

“There can be a special class and a teacher while teaching this tool. The
teacher should be a person who has mathematical knowledge and uses CP
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professionally. For example, there should be 15 students; we were 20. 20 is
also too much.” (Group 3, Person No: 14, Page 15, Lines 556-558)

Another idea about the use of CP in mathematics courses was that courses
would be different than traditional with the use of CP. In the interviews, 1 participant
from the third group explained a lesson where CP is used as the main tool as follows:

“For a student... There is no such thing that all students like mathematics.
Point of view of a student who does not like mathematics might change.
Firstly, the course will be out of ordinary. Secondly, as P20 said we will be
able to verify ourselves.” (Group 3, Person No: 3, Page 21, Lines 780-783)

None of the participants, except P3, directly mentioned that CP has the power
to change the ordinary flow of the courses. However, in the observations and open-
ended questions most of the participants mentioned that CP would change the way
the courses are taught.

In addition to the idea that CP would change the flow of an ordinary
mathematics course, in the third group, 3 participants mentioned that the use of CP
would also lead students to discovery and research-based learning.

“It will be beneficial for research-based education rather than memorizing.
In other countries, there is research-based education.” (Group 3, Person No:
16, Page 14, Lines 500-501)

P20 argued that in other countries students are permitted use their books in
the exams, and he defended that for CP it should be the same in our country in the
exams.

4.2.2 Use of CP in Elementary Level

Participants mentioned the use of CP in elementary level by emphasizing the
place of the tool in lesson plans, suggested mathematical subjects for CP use and use

of CP from elementary grade students’ point of view.

4.2.2.1 Place of CP in a Lesson Plan

Participants’ ideas in terms of the sub category, place of CP in a lesson plan

is presented in this section (See Table 16).
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Table 16. The distribution of the low, average and high group participants’
views on the category, place of CP in a lesson plan

a. Place of CP in a Lesson Plan Low Average High Total
(n=4) (n=3) (n=7) (n=14)
Expressions £ £ £ £
1. CP should bg integrated with 4 2 3 9
paper and pencil
2. CP can be used in problem
solving and exercise part of the 4 2 6 12
lesson
3. There can be a application
- 1 5 6

course for CP use
4. CP can be used in the warming

. 1 - 2 3
and reminding part of a lesson
5. CP can be used in assessment i ) 3 3

and evaluation part

Participants evaluated CP in terms of its place in mathematics lessons. They
mentioned the advantages of using CP in some parts and the obstacles they would
face as a teacher when they use CP in other parts of a lesson.

In the first group, participants expressed that it would be hard for a teacher
both to teach with CP and to manage the classroom at the same time. Therefore, they
were not willing to use CP all the time in mathematics courses.

Among the participants, 12 of them suggested that CP can be used as an
instructional tool in problem solving, exercise, application and activity parts of a
lesson plan. All the participants in the three groups defended that CP use is
meaningful and beneficial if lesson plans are formed by the integration of CP and
paper-pencil tasks.

“He (the student) will use paper and pencil. Then, use this (CP). He will
learn with paper and pencil at the beginning as usual, he will understand (the
subject) there, after that (he will use CP)... Student will reinforce the
calculation he does on the paper better by doing it with this (CP). ” (Group
1, Person No: 7, Page 3, Lines 134-135, 137-139)

“In the activity part, to reinforce the lesson.” (Group 2, Person No: 10,
Page 6, Line 205)
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Some participants mentioned that they would not change the usual flow of the
course that as a teacher they would use the board for detailed explanation of solving
problems. Then, they would choose to use CP to do further examples, near the end of
the course to reinforce the subject with CP integrated tasks and activities.

“I would solve some examples on the board. For them to see (understand)
better, 1 would solve more examples with CP.” (Group 2, Person No: 10,
Page 4, Lines 127-128)

“The normal (traditional) teaching will remain the same. What can be done
with CP? By looking at the curriculum the teacher can plan what to do. After
a short training of the students, for example in the lesson teacher can explain
factorization on the board, everyone uses paper and pencil, and the last 15-
20 minutes near the end of the lesson he can show what he thought on this
tool. Supportively...” (Group 3, Person No: 4, Page 11, Lines 395-398)

“Teacher can teach the subject on the board with paper and pencil as usual
during the course hour. It should be same as today s teaching type, but also
for application using CP to reinforce more, to make more practical is more
reasonable. ” (Group 3, Person No: 14, Page 16, Lines 583-585)

Particularly, a separate course - application course - in which students would
do exercises with CP was suggested by 1 participant from the second group and 5
participants from the third group. Most of the participants confirmed the idea that
mathematics and technology should be integrated.

“I think, students should know how to use this (CP) very well. Especially
there should be a course just for this in schools. Like an application course.
Then it will be better I think.” (Group 3, Person No: 16, Page 2, Lines 49-51)

“Subject will be explained. After that, as P16 said you go on with this (CP). 1
mean, combination of both of them, relation of technology and mathematics.”
(Group 3, Person No: 4, Page 2, Lines 60-61)

“This should be used in application courses... In application courses they
will focus only on this (CP) and study with this (CP).” (Group 3, Person No:
3, Page 16, Lines 580-582)

In addition to the use of the CP in exercise part of the lesson, 2 participants
referred to the warming and reminding part of a lesson plan for CP use. They
explained the advantage of using CP in the beginning of the course, as students
would gain a basic understanding about what they will learn through the course;
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students can work on quick exercises on CP in a short time by leaving the
calculations to the tool and benefit from the visualization and multiple
representations provided by CP.

“In the warming part, firstly we can provide the student to see it (the subject)
directly on this (CP). The child will have an idea about it (the subject). Then,
his interest will grow up. First explain, solve some examples. After the
examples, make them have practice on this.” (Group 1, Person No: 1, Page
6, Lines 243-245)

“It can be used at the first part, for example warming part by downloading
different programs... Actually, it is up to the content of the subject, too. As we
consider for 6™ 7" and 8" grades, according to the subject it can be
planned...” (Group 3, Person No: 21, Pages 12-13, Lines 450-453)

Three participants from the third group stated that CP can be used in
assessment part of the mathematics courses. Participants also expressed that students
should be allowed to use CP during the exams. Hence, they believed that this would
enhance learning and using the tool more efficiently when students are permitted to
use the tool in their exams, too.

“If we enter exams with CP, we will have a chance to check if the works we
make are correct or not. ” (Group 3, Person No: 20, Page 14, Lines 512-513)

4.2.2.2 Suggested Subjects

Participants’ ideas in terms of the sub category, suggested subjects for CP use

is presented this section (See Table 17).

Table 17. The distribution of the low, average and high group participants’
views on the category, suggested subjects

Suggested Subjects Low Average High Total

(n=4) (n=3) (n=7) (n=14)
Expressions f f f f
1. CP can be used in graphing and 3 3 3 9
geometry

2. CP can be used in every subject

of mathematics 1 i i 1
3. CP can be used in the subject 5 i 5
patterns

4. CP can be used in equations - - 5 5
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In all of the three groups, the common idea was that CP should be used
mostly in subjects including algebra, coordinate axis, graphing, and geometry.

For graphing, working on CP in three-dimensional graphs, seeing changes in
the graphs visually, easy and accurate comparison of the graphs by having the
opportunity to draw more than two graphs on the same coordinate axis and zooming
function was mentioned. Participants emphasized the graphing facility of CP as:

“We learned to compare two graphs.” (Group 1, Person No: 7, Page 2, Line
50)

“Graphing was very good in terms of being visual, we are able to see what is
what in the exact place, we can zoom in, we can zoom out.” (Group 1, Person

No: 2, Page 2, Lines 51-52)

Use of CP in geometry was also considered to be appropriate in terms of
easy, quick and accurate construction of figures, visualization, and multiple
representations of figures and numerical expressions of the dimensions. In addition,
two participants expressed the appropriateness of CP use in patterns.

“In my opinion, I would use CP mostly in geometry... For the figures,
visualization, and taking students’ attention more in the lesson, I liked

geometry menu much more. It can make students become more active.”
(Group 3, Person No: 3, Page 13, Lines 455-458)

“It showed the patterns more accurate... We took the squares of them
(numbers). Then after a point we saw how it is repeating.” (Group 2, Person
No: 10, Page 2, Line 55, 57)

Using CP in every mathematical subject was an idea of 1 participant from the
first group that she believed every mathematical operation can be done with CP.

“It can be used in every subject. For example, if we think of a young child, he
will make adding and subtraction in elementary school, he can use it (CP)
there. In high school level it (the use of CP) is different. But in every subject it
can facilitate everyone’s work.” (Group 1, Person No: 1, Page 5, Line 224-
226)

In the third group, 5 participants stated that CP could be used in learning and

teaching of equations in elementary level. P20 was not included in the percentage of
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the participants who suggested CP use in the subject equations because he stated
that; although CP is a practical way of solving equations, this will be ready
information for elementary grade students. P20 thinks that students in elementary
level should make calculations by using their brains. He expressed the reason of his
idea by giving an example as in the following excerpt.

“In algebra, for example three x plus five equals to eighty one, find x. If the
kid can not solve this in mind he should not use this tool either. In those
simple subjects or in that hard candle question | was answering mentally;
writing it in here is waste of time. In these subjects, | would not use paper
and pencil, too... In elementary grade subjects, the kid should use his brain,
not the tool. | am agree for secondary school, in secondary grade subjects
like functions...” (Group 3, Person No: 20, Page 9-10, Lines 317-320, 341-
342)

Other participants suggested CP use in equations for several reasons. P4
expressed that practicality of CP provides time saving but in the early levels of
elementary school, use of CP would not be appropriate. He suggested the use of CP
in learning equations by starting in grade 6. He also stated that learning equations
with a GC would be “appealing” for a student in elementary level. As an answer to
P20 who thought that use of CP is not appropriate in elementary level as students
would depend on CP; some participants explained that CP will be beneficial if used
in the learning and teaching of the subject equations.

“How much this tool is appealing for you in learning integral, that much
appealing for a kid to solve equations.” (Group 3, Person No: 4, Page 9,
Line 329)

“ (A student) He might be able to solve the problem, able to calculate it
mentally. But from the view of increasing his attention to the lesson, writing

something on it (CP), plus sketching its graph...” (Group 3, Person No: 3,
Page 10, Lines 344-345)

4.2.2.3 Elementary Grade Students’ Use of CP

Participants’ ideas in terms of the sub category, elementary grade students’
use of CP from pre-service teachers’ point of view is presented in this section (See
Table 18).

89



Table 18. The distribution of the low, average and high group participants’ views
on the category, elementary grade students’ use of CP
Elementary Grade Students’ Use  Low Average High Total

of CP (n=4) (n=3) (n=7) (n=14)
Expressions f f f f
1. I doubt if elementary grade
students would understand the aim 1 - - 1
of CP
2. CP can condition the students for

3 1 2 6
ready-made answers
3. .Students should be capable of 1 2 7 10
using CP
4: CP widens students’ point of i 1 3 4
view
5. CP can be very beneficial for i i 1 1
talented students
6. CP_Wlll increase students 1 9 6 9
attention
7. CP provides verification - 1 3 4
8. Students should take CP home - - 3 3
9. Students should not take CP i i 9 5
home
10. CP W|_II make students like 3 1 1 5
mathematics
11. CP provides students learn and 3 5 i 5

do calculations faster

Participants made comments on the use of CP in mathematics by considering
themselves as elementary grade students and they made comments from a pedagogic
point of view considering their experiences with CP in the 5-week instruction period.

In the first group, 2 participants expressed that elementary grade students
might have problems in realizing the actual aim of the tool.

“When we consider ourselves, it (CP) is absolutely appropriate but, as they
are children being unaware of anything, would they get to understand this

tool? Or think this as a game? That is what I am concerned about.” (Group
1, Person No: 1, Page 3, Line 125-127)

Some participants doubted that as CP gives directly the answer, how a

student would get to reach the answer by himself. P4 and P20 mentioned that CP
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would cause students get used to ready-made information, as it does not show the
steps of calculations, instead gives the final answer. Participants expressed this as:

“This tool directly solves the question, skips the steps, gives the result
directly. For example, when we solve a question we do step by step, | mean
we do the summing, subtracting. This (CP) makes us solve the question
directly.” (Group 1, Person No: 5, Page 3, Lines 130-132)

“We will make the students sketch parabolas. We write the graph (equation
of the graph) here, it directly sketches. When we draw (with paper and
pencil), we find the vertex and so on. How will the student get to find it? How
will we teach this in the GC?” (Group 2, Person No: 10, Page 4, Line 111-
113)

In the second group, 1 participant expressed that she was feeling
uncomfortable with CP and so students would. She explained her concern as follows:

“If I am to talk about my experiences, some menus seemed complicated to
me. | was having difficulty especially in e-activity, | was confused very
much... I am even having trouble, they (elementary students) will also have
trouble in any case.” (Group 2, Person No: 19, Page 5, Lines 149-150, 157)

Participants expressed that it is a need for elementary school students to be
capable of using CP, to understand the actual aim of the tool, in order not to depend
only on CP, and to maximize the efficiency of the use.

“After having learned, they can benefit more from this. I mean we can not
benefit totally because we only use as far as we know. ” (Group 1, Person No:
1, Page 5, Lines 209-210)

As an advantage of CP, some participants stated that the tool would widen
students’ point of view. Some of them defined the blackboard as limited. In contrary,
they defined CP as unlimited that it provides zooming and sliding functions in
geometrical figures and graphing.

“I would solve some examples on the board. For them to see (understand)
better, 1 would solve more examples with CP.” (Group 2, Person No: 10,
Page 4, Lines 127-128)

“For example, when we say (draw) x square minus four, we slide it to left and
right. When teacher draws on the board, we can only imagine. We think that
when this is the case it will be that way. But as we have the option to trace the
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point (in CP) it is more real and more memorable. It is better...” (Group 3,
Person No: 3, Page 3, Lines 87-89)

“A wider area... I mean, as we slide coordinate axis to see its upper, down,

left and right parts, you can see the rest of it. Wider.” (Group 3, Person No:
12, Page 3, Lines 90, 92-93)

Most of the participants emphasized that as it is a technological tool, CP can

increase students’ attention. Moreover, participants exemplified some situations for

CP use such as; while doing homework, when there is a need for seeing multiple

representations together, and when a teacher would like to change the flow of the

lesson with an instructional tool to conduct practical exercises.

“It (CP) will make the students like mathematics.” (Group 3, Person No: 14,
Page 21, Line 763)

“For example, a student does not want to do homework, revise the lesson at
home. But if there is CP, he would try to do it more enjoying. He would not
strive with homework but he would try with CP.” (Group 1, Person No: 2,
Page 3, Lines 93-95)

“I thought from students’ point of view by empathizing. It (CP) was very
beneficial for me. In what ways? If I were a student... It takes my attention,
increased my interest on the subject. For example, you write here, practical,
you write the equation it solves true... Increased my interest on the subject.
As | said, if I know the subject | will be more practical. ” (Group 3, Person
No: 4, Page 8, Lines 294-297)

“Today’s children learn how to use a computer until first grade. They are
interested in technological tools more. Instead of carrying lots of things such
as notebook, paper, pencil, bag; carrying this (CP) makes more sense to me.”
(Group 3, Person No: 21, Page 23, Lines 832-834)

According to some of the participants, there are other facilities of CP for

elementary school level students. Participants frequently expressed that CP would

provide students to verify their calculations, contains functions for quick and

accurate sketching and doing complex operations in mathematics. Some participants

assigned verification role to CP and they stated that CP would take the place of a

teacher, in particular, with its verification role.

“For example, when | ask a problem related with interior angles or exterior
angles... I will ask them to solve by using CP... They will compare their
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answers. CP will show them (students) where they made mistakes. They might
not need a teacher... They will actually but they might understand without
asking a question.” (Group 2, Person No: 17, Page 5, Lines 141-145)

“Teacher gives homework. You make the calculations, but you are not sure
about the result. By writing it here (CP), you can verify.” (Group 3, Person
No: 3, Page 11, Lines 401-402)

“If we enter exams with CP, we will have a chance to check whether the
works we make are correct or not.” (Group 3, Person No: 20, Page 14, Lines
512-513)

In the first and third groups, some participants expressed that CP would
provide students do calculations faster than doing by hand and give accurate
solutions; therefore, they would learn faster.

“CP will show them (students) where they made mistakes. They might not
need a teacher... They will actually but they might understand without asking
a question. In that point, time will be saved. Because, rather than intervening
to 40 students, intervening only one student who does not understand is better

for me. I will solve more examples.” (Group 2, Person No: 17, Page 3, Lines
143-147)

Apart from elementary school level students’ use of CP during mathematics
courses, participants argued whether they should take CP home. Participants who
were against taking CP home, reasoned their view as students might spend too much
time with CP at home that they would quit studying for other courses.

“I do not agree with taking CP home. Because, there is not only mathematics
lesson but also a lot of lessons in elementary school. They (students) will just
focus on this... Most of our lessons are related with mathematics. But they
have many different lessons; their department is not mathematics. They will
give all their attention to this (CP).” (Group 3, Person No: 14, Page 13,
Lines 470-471, 476-479)

“This (CP) should be used in application courses. For 6", 7" and 8" grades,

it is unnecessary to take the tool home and use it at home.” (Group 3, Person
No: 3, Page 16, Lines 580-581)

By supporting the view that students should also use CP at home, P4 stated
that teacher could limit students’ use of CP. In addition, P20 mentioned that students

would not strive with the tool too much after they complete their homework.
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“You can limit the use.” (Group 3, Person No: 4, Page 13, Line 484)

“He (a student) will do his homework, and he will be dying to finish the
homework and go out.” (Group 3, Person No: 20, Page 13, Line 485)

4.2.3 Suggested Grades for CP Use

Participants’ ideas in terms of the sub category, suggested grades for CP use
is presented in this section (See Table 19).

Table 19. The distribution of the low, average and high group participants’ views
on the category, suggested grades for CP use

Suggested Grades for CP Use Low Average High Total
(n=4) (n=3) (n=7) (n=14)

Expressions f f f f
1. Students should start to use CP in
4™ and 5" grades 3 ) 1 4
2. Students should start to use CP i 5 ; 9
after the first five grades
3. Students should start to use CP in

1 1 4 6
secondary grade
4. CP can be used in university level 2 1 - 3

Participants expressed views on the education grades for CP use ranging
between the first year of elementary grade until the end of university education. They
also referred to the use of CP in professional life as mathematics teachers.

Participants defined elementary school education in two parts; the first 5
years and the last 3 years of elementary school. They stated confirmation or
objection to the use of CP in elementary level by referring to elementary years in two
parts.

The underlying idea was that participants recommended the use of CP
starting from the 6" grade. 9 participants defended that use of CP is not beneficial
before 6™ grade whereas 4 participants defended that the early the student get close
with the tool, the more he benefits from it in the following years.

In the first group, 3 participants offered that students should meet CP in

elementary school, in grades 4 and 5.
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“(Use of CP) Can start in the 4" grade and (use) more in high school... As
they are more curious in small ages, they would enjoy to learn this more.”
(Group 1, Person No: 1, Page 5, Lines 190, 207-208)

By confirming that a student would start to use CP early in education,
participants added that use of CP would be endless in educational life in the
following years of education.

“And use it until the end of the educational life.” (Group 1, Person No: 7,
Page 5, Line 196)

In the second group, participants confirmed that use of CP is appropriate in
elementary grades higher than the 5" grade. One idea was that 7" grade is
appropriate for CP use for the reason that there are mathematical subjects to be
carried out with CP such as equations. Another idea was that students should meet
CP in their early ages, whereas they should use it more frequently in university level.
The reflections were as follows:

“Grade 7 because there is graphing, there is equations.” (Group 2, Person

No: 10, Page 7, Line 220)

“Let’s say that every student saw CP in elementary grades but in several
periods, grades 7, 8 or 6, 7, 8. They only used it only when they are bored or
they met the tool in some ways. All the students know (how to use) the tool,
but their training will be in the university.” (Group 2, Person No: 17, Page 7,
Line 234-237)

In the third group, all of the participants agreed that students should start to
use CP in 6" grade as an educational tool in mathematics courses. They reasoned this
idea with several supports. Firstly, before the 6™ grade students do not learn discrete
concepts in mathematics, they rather use concrete objects or figures related with
daily life in mathematics courses. Secondly, in terms of the mathematical subjects in
the curriculum for 6", 7", and 8" grades, these grades are appropriate for CP use.

“When we look at its (CP’s) content, there is no subject to be used before the
6" grade. As P20 said, they make calculations with apples instead of x and
v.” (Group 3, Person No: 14, Page 19, Lines 682-683)
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“Before (6" grade), as a student will not be able to think discrete, he needs a
shape. He needs to see apple instead of X.” (Group 3, Person No: 21, Page
19, Lines 689-690)

“In grades 6, 7 and 8, they can just get familiarize with this tool or in
application courses they can use geometry menu or graphs. When students
start to secondary school they will have full knowledge of all subjects.”
(Group 3, Person No: 3, Page 19, Lines 694-696)

P3 from the third group suggested a period of increasing frequency in CP use.
She defended that students should meet with CP in 6" grade and in every following
year students’ use of CP should increase. After students have a background about
mathematical subjects, they should be provided with a preparation period of using
CP with all its functions in the beginning of secondary school. P3 also added that
teachers should be responsible of the use of CP and decide where CP use would be
beneficial for learning mathematics.

“When all the subjects are completed, for example when students are
stepping to high school, it (CP) might be taught as a preparation period...
When students have some basic information... I think at 6" grade. In middle
grade (6", 7™ and 8" grades), teacher should show, introduce this to
students, and they should start using at secondary grades. They will get used
to it (CP) slowly. ” (Group 3, Person No: 3, Page 2-18, Lines 63-66, 79-81)

P4 from the third group suggested CP use be optional for students in
elementary grades, for instance students who are interested in mathematics more
would deal with CP more than the others.

“What makes sense to me is students who have interest on mathematics. [
mean, ones who are preparing for olympiads. These olympiads start at 6™
and 7" grades. To understand mathematics better, to develop mathematical
thinking. ” (Group 3, Person No: 4, Page 3, Lines 74-76)

In spite of the appropriate use of CP in elementary levels, the other
suggestion was that secondary school is appropriate for CP use. 1 participant in the
first group and another from the second group suggested CP use in secondary grades
because the subjects in secondary school mathematics can be operated via CP.

Participants explain their reasons as in the following excerpts:
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“For me, a child should learn several things very well then start (to learn)
practical things... Teaching with CP in high school or at the end of
elementary grades is better.” (Group 1, Person No: 2, Page 5, Line 201-203)

“If [ were to decide I would use it in high school. Because it (CP) can be used
more in subjects such as graphs, integral.” (Group 2, Person No: 19, Page 7,
Lines 242-243)

In addition to the suggestions of CP use in elementary grades, P3, P4, P20,
P21 highly recommended CP use also in secondary grades. In the third group, 7
participants referred to the use of CP in secondary level.

In the interviews, although only 3 participants stated that they were willing to
use CP in university grade and after university in their professional lives as
elementary mathematics teachers; during the instruction process majority of the
participants were searching websites for CP and other GCs to get one for themselves.

“We also can use, after getting started to work when we are a teacher, too.”
(Group 3, Person No: 21, Page 19, Line 701)

4.2.4 Comparison of CP with Paper and Pencil

Participants’ ideas in terms of the sub category, comparison of CP with paper

and pencil is presented in this section (See Table 20).

Table 20. The distribution of the low, average and high group participants’ views
on the category, comparison of CP with paper and pencil

Comparison of CP with paper Low Average High Total
and pencil (n=4) (n=3) (n=7) (n=14)
Expressions f f f f
1. Mgke more regular and correct 3 3 5 12
drawings
2. Using CP saves time 2 1 2 5
3. CP provides comparison of a

1 - 2 3
number of graphs.
4. Widens your view. - - 4 4
5. CP helps you to remember the i 9 9

things you forget.
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Participants emphasized the facilities of CP by comparing the tool with paper
and pencil. They mentioned these facilities as getting reliable drawings of graphs and
geometric figures, checking answers and thus saving time while doing these
mathematical operations. Participants generally used the word “practical” for the
facilities of CP. They also pointed that the time was saved when tasks were
conducted with CP when compared to paper and pencil.

All of the participants mentioned the superiority of CP than paper and pencil
as it provides immediate change in graphs, comparison of many graphs in single
coordinate axis and provides functions for other drawings such as constructing
Images in geometry menu.

“Think of a student who knows equations, graphs, and how does he benefit
from CP? For example, he would realize the difference between the graphs of
x square and x square plus one. He would see better, | mean as visual. Maybe
it is not hard to sketch two graphs but sketching with CP is easier. You can
sketch and see both of them at the same time.” (Group 3, Person No: 4, Page
3, Lines 77-80)

Twelve of the interviewees mentioned the correct and regular drawings that
CP serves to its users, which can be energy and time consuming when done by hand
with paper-pencil. Moreover, participants emphasized that drawings made by hand
with paper-pencil are not totally reliable at all. For instance, there was a task in the
last course about constructing a geometrical figure (See Appendix A). During the
task, participants were expected to change the dimensions of a regular rectangle in
order to make the opposite sites equal. P2 gave an example from her experience
during that task.

“We drew (constructed) a rectangle. There, we made one side 2 (units). If we
were to draw it on the notebook, we have to draw by using a ruler. That
would have been harder.” (Group 1, Person No: 1, Page 2, Lines 182-183)

“The most important thing is that it saves time.” (Group 3, Person No: 4,
Page 8, Line 268)

In addition to the first group, all the participants of the third group defined the

regular drawing capability of CP as an advantage both for their use of CP and
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elementary students’ use of CP. Participants gave examples such as geometrical
shapes which they consider as difficult to draw regularly and in correct dimensions
by using a ruler with paper and pencil.

“We drew pentagon and etc. That would also be hard (to draw) with paper-
pencil.” (Group 1, Person No: 5, Page 4, Line 181)

“We can draw every thing very regular, like figures, graphs, geometrical
shapes.” (Group 1, Person No: 2, Page 4, Line 168)

“For example it draws geometrical shapes very regular. We can also draw
by using ruler but it (CP) arranges itself.” (Group 2, Person No: 17, Page 3,
Lines 90-91)

In addition to regular construction of geometrical figures, the easy sketching
of graphs and the regular coordinate axis that CP provides were also mentioned by
most of the participants. When they sketched several graphs on the same coordinate
axis, they expressed that they were impressed with the regular drawing appeared on
the axis in a very short time. Moreover, some of the participants mentioned that
complicated graphs that have fractional values were also sketched regularly and
comparison of the graphs was easy with several functions in the tool such as
zooming, dragging and padding.

"Even if it is fractional, or for the coordinates, even if the angles are
fractional, it (CP) can measure and show it.” (Group 2, Person No: 10, Page
3, Lines 94-95)

“Shows more than two graphs on the same graphing (window), you can see
their differences. When we draw them on the notebook we mix them like one
goes from up, one goes from there. You need to use colorful pencils but here,
it (CP) shows the differences of them all.” (Group 3, Person No: 20, Page 21,
Lines 775-777)

“We can not do some other things with paper-pencil such as some graphs.
For example, we forget some graphs or we change their maximum and
minimum points. More practical.” (Group 3, Person No. 16, Page 2, Line 45-

47)

Participants gave several reasons for CP use instead of paper and pencil.
Some of them expressed that they would give up doing calculations, constructing
figures, or drawing various graphs. Therefore, they defined CP as a beneficial tool
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that leads discovering and learning mathematics as long as it provides accurate data.
Similarly, P20 explained a situation considering his habits such as his writing and
drawing is not very regular. He stated that CP writes, draws and sketches more
regular, and measurements in CP are more reliable than his calculations. Hence, he
preferred CP instead of paper and pencil. He explained the effect of this situation as
follows:

’

“I am too lazy to sketch graphs in coordinate system. GC was better for me.’
(Group 2, Person No: 19, Page 3, Lines 98-99)

“Effects my perception. You perceive easier; because, | mean, you take note
during the courses, you go home, than you look and say ‘did I draw this

wrong, did I make a mistake when drawing’. But there is no such thing in this
(CP).” (Group 3, Person No: 20, Page 8, Lines 271-273)

P14 confirmed P20 by adding that there occur mistakes while copying
mathematical from board to notebook so the reliability of the information on paper
and pencil decreases.

“Sometimes we can not write exactly the same things on the notebook that
teacher draws, we sometimes miss something or lack of attention and because
of these we can not copy exactly the same things. The rate of doing mistake is
very high.” (Group 3, Person No: 20, Page 8, Lines 275-277)

“When we change the number (value) the figure changes itself, I mean if we
had done it on the notebook, erase it, then draw it over again from the
beginning. Also there is a risk of erasing other things while erasing that, too.
But in this (CP) there is not such thing.” (Group 1, Person No: 5, Page 4,
Line 171-173)

Whereas, P14 added that taking notes on CP during course hour cause waste
of time as they could not use the keyboard comfortably which sometimes resulted in
waste of time. P14 suggested writing the questions on the notebook and making the
calculations and drawings, anything needed for the solution process with CP. As a
solution, P3 and P4 explained that more experience with the tool would make
students more practical and quick enough to write down the questions on CP.

P17 from the second group gave another similar example about a common

student habit. She expressed that students who do not use notebooks properly or who
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has very proper notebooks face some difficulties such as sometimes they miss some
information and do not write down the notes during the courses. She explained that
CP is an option for both kinds of students that it provides free noting and
downloading. While the student only solves given problems during mathematics
courses but do not note down the subject properly - because he does not like writing
everything down or because he does not have his mathematics notebook that day - he
can save those solutions and when he looks them up later, these solutions would give
him an idea about the course although he does not have any notes on his notebook.

“As an example, we can lose our pencils, notebooks or be obsessive like
never writing (mathematical notes) on our Turkish course notebook. But in
this (CP) there is no such thing; you can save in here (CP), you can send it
(the notes that are saved) to your computer when you go home or turn it (CP)
on and copy notes from there to your notebook by yourself. From this aspect,

it is an advantage and also more enjoyable, interesting.” (Group 2, Person
No: 17, Page 3, Lines 84-87)

When participants were asked what they would refer as an advantage of the
tool when it is compared to paper-pencil, P17 stated that the tool gives “true”
information. The situation that CP provides comparison by producing “true” results
was also stated in the example that P17 stated. Researcher, in specific, asked the
difference between sketching a graph with paper-pencil and with CP.

“True (result). We might make mistakes, we might calculate the
variables wrong (with paper-pencil). For example, a graph might be wrong, |
mean it (paper-pencil) might lead us to sketch the graph wrong. But here (in
CP) there is almost millimetric calculation; it immediately solves anything.
Or you can sketch by yourself (with paper-pencil) and see your mistake there
in the tool. By comparing you see where the difference is, where you made a
mistake.” (Group 2, Person No: 17, Page 4, Lines 102, 104, 106-108)

P1 from the first group mentioned the facility of CP which resembles to paper
and pencil. In CP, there is a function to take notes anywhere you want which serves a
platform to the user that can be used like a notebook. P1 emphasized the place at the
bottom part of the graphs where you can note anything about the graph.

“We can write any information we want on the top of the graphs.” (Group 1,
Person No: 1, Page 4, Line 170)
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In the third group, the idea that CP widens the users’ view was expressed. 4
participants in the third group mentioned that CP gives a wider area than paper-
pencil; the area that provides the participants to see rather than imagine. Moreover,
participants mentioned that they see more in CP, all parts of the graphs by zooming
in and out, by sliding the figures. They also added that, this wider view makes the
subject more permanent and enhances learning. In order to reflect how participants
recall their experiences about CP’s facility that it showed an infinite area in
drawings, excerpts from the interview is given below:

“For example, when we say (draw) x square minus four, we slide it to left
and right. When teacher draws on the board, we can only imagine. We think
that when this is the case it will be that way. But as we have the option to
trace the point (in CP) it is more real and more memorable. It is better... The
same is valid for polygons when constructing different shapes, there is
visualization.” (Group 3, Person No: 3, Page 3, Lines 87-89, 97)

“A wider area... I mean, as we slide coordinate axis to see its upper, down,
left and right parts, you can see the rest of it. Wider.” (Group 3, Person NO:
12, Page 3, Lines 90, 92-93)

Two participants mentioned that CP helps the user to remember the things he
forgets which is a facility similar to a notebook. They also added that CP could give
you any information that does not take place in the notebook. To explain her view on
the benefits of the recall that CP provides to the students, P21 gave an example of a
lazy student:

“There are a lot of students who does not take notes and does not have
notebook in high school. He (a student) does not sketch the graph. Then, the
exam day comes, he thinks ‘what did we do’. It will provide benefit for him as
here (CP) occurs the graph immediately when he writes an equation.”
(Group 3, Person No: 21, Page 21, Lines 770-772)

4.3 CP and Motivation

Participants’ ideas in terms of the category, CP and motivation is presented in
this section (See Table 21).
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Table 21. The distribution of the sub, average and high group participants’ views
on the category, CP and motivation

CP and Motivation Low Average High Total
(n=4) (n=3) (n=7) (n=14)

Expressions f f f f
1. Visual 1 - 2 3
2. Enjoyable 2 1 3 6
3. Practical - - 2 2
4. Takes attention 1 3 5 9
5. Helps in revision 1 - - 1
6. Better when compared with 9 i i 2
computers
7. Missing a step causes 3 1 4 8
disconnection
8. Teacher interference is necessary 1 - 4
9. Builds up passion and wonder 4 3 3 10
10. Correct and quick sketching 1 3 1 5
11. Effective in overcoming the

- . 4 1 1 1 3
prejudice against mathematics
12. Encourages competition between i 1 1 2
peers
13. It can be boring when used too 1 5 1 4
often
14. Slows you down - - 1 1
15. Helps in recall - - 2 2
16. Makes students active and
encourages active attendance to - - 5 5
lesson

All of the participants with no exception emphasized that CP captured their
interest more than any other tool or education method that they had had experienced
before. Participants defined CP as an enjoyable tool for the reason that it presents
visualization and provides ease in calculation.

Most of the participants expressed that the visual representations and
practicality in calculation took their attention and they wanted to work with CP with
desire. Specifically, P1 expressed that she was not a successful student in
mathematics because she did not understand several subjects. Therefore she was not

interested in mathematics courses. She explained that there occurred a positive

103



change in her attitude towards mathematics after she met CP. She gave several
reasons for this change. Firstly, she mentioned that she gained her self-confidence in
terms of mathematical success when she did not make mistakes in calculations as the
tool did the operations accurately. Secondly, she expressed that lack of mathematical
knowledge did not limit her as CP serves the needed functions to operate and
construct the steps in the tasks during the classroom studies. In brief, she emphasized
that these facilities of CP led her to feel that she was learning, therefore started doing
mathematics willingly.

“I normally don't like mathematics I even hate it. I don’t even want to attend
the courses. I don’t understand much, either. But this tool itself make the
calculations, you see everything. As it is enjoyable, I liked it. It is like | feel
more self-confident... I found (CP) sympathetic, because as mathematics is
Qenerally writing and drawing with pencil, trying and so on... But in here
(CP) you see and have fun.” (Group 1, Person No: I, Page 2, LineS 63-66,
70-71)

In addition to the visualization facility of the tool, CP was considered as
enjoyable and practical. In addition, some participants mentioned that the wonder to
learn more functions of the tool and they had the opportunity to benefit from CP as
they experience with the tool more, made CP interesting for them.

“As a mathematician especially in graphs, functions and etc, it could become
a part of our lives. In my opinion, if we work on it some more, improve
ourselves more, we can benefit from it. Five weeks was short, but even in this
period, if I am to talk about myself, I really both had fun and learned a lot of
things.” (Group 3, Person No: 3, Page 2, Lines 40-44)

“It (CP) effected my motivation in a positive way. I generally can not
motivate and focus on anything permanently. But, as this (CP) is interesting
and we explore things, all my interest was on this.” (Group 1, Person No: 1,
Page 7, Lines 306-308)

Two participants from the first group compared the period, before and after
the instruction process with CP in the CSE course. They mentioned as they became
more willing to participate the lesson after they met CP. In addition, they explained
that it was obvious from their participation rate to the course that they were not

interested in CSE course before CP. In brief, participants clearly stated that they
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were more interested in the course when they only focused on CP than a course
dealing with computers and internet.

“Our courses before using CP... Computers are enjoyable but boring, you do
not want to come to the lesson, you think like no matter if do not attend the

lesson. But after we started to use CP... We were willing to join the courses.”
(Group 1, Person No: 2, Page 7, Lines 311-313, 316)

Majority of the participants in the three groups stated that CP builds up one’s
interest and curiosity in any level and task. In the second group, it was expressed that
CP leads one to be curious with its content and functions such as zooming, multiple
representations of figures and dimensions, dragging graphs and equation to
interchange them and so on. This was also observed during the instruction process
that, although there were times participants had difficulty and could not carry on the
steps to complete the tasks, none of them gave up trying until they succeed in the
tasks.

“Although we sometimes missed some steps in some menus, we tried to
succeed, complete and catch you. We could not leave the tool. We always
went on.” (Group 2, Person No: 17, Page 10, Lines 328-329)

“It effected (motivation) in terms of curiosity. It (CP) held my motivation
higher. How will it be? How will we do this? We zoom in and out on graphs
and etc.” (Group 2, Person No: 10, Page 10, Lines 340-341)

“We learned as took our attention. In every lesson, we were always saying
‘ah is it, it can also do this, let me also do that...” ” (Group 3, Person No: 21,
Page 22, Line 800)

Specifically, most of the participants mentioned that among its functions,
quick and correct sketching of CP effected their motivation in a positive way.

“I normally don’t like mathematics I even hate it. I don’t even want to attend
the courses. I don’t understand much, either. But this tool itself make the
calculations, you see everything. As it is enjoyable, I liked it. It is like | feel
more self-confident... I found (CP) sympathetic, because as mathematics is
generally writing and drawing with pencil, trying and so on... But in here
(CP) you see and have fun.” (Group 1, Person No: 1, Page 2, Line 63-66, 70-
71)
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In the second group, after P10 and P17 mentioned that CP takes attention,
researcher asked them what took their attention in specific. P17 showed the
geometrical construction in CP as the reason of her interest on using CP.

“For example it draws geometrical shapes very regular. We can also draw by
using ruler but it (CP) arranges itself.” (Group 2, Person No: 17, Page 3,
Lines 90-91)

Prejudice against mathematics would be out of discussion with the
appearance of CP, as three participants expressed. Considering the facilities
mentioned above that CP provides to users, participants expressed that CP has the
power to make one like to deal with mathematics. Similarly, from elementary grade
students’ point of view, participants explained that providing visualization makes
mathematics more concrete, direct feedback builds up passion to go on studying,
students would save their work on CP memory, can create their own exercises while
they try to explore function of several menus, and study freely on CP without the fear
of making mistakes.

“For a student... There is no such thing that all students like mathematics.
Point of view of a student who does not like mathematics might change.
Firstly, the course will be out of ordinary. Secondly, as P20 said we will be
able to verify ourselves. Yes, maybe we can do calculations from our memory
but when we see that here (CP) it is a concrete example of it.” (Group 3,
Person No: 3, Page 21, Lines 780-784)

With the increasing interest and passion, two participants from the second
and the third groups mentioned that CP would lead students to competition which
they believed would increase learning.

“They (students) will come from elementary school where they have not used
CP ingrades 1, 2, 3, 4 and 5 and we will teach them how to use CP. As it will
be very interesting, if they do not want to listen — as sometimes they come to
mathematics courses with some prejudices — maybe they will be able to
overcome the prejudices. They will learn more enjoyable with the tool, they
might compete with each other in the class as well. ” (Group 2, Person No:
17, Page 4, Lines 133-136)
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Different than the first and second groups, in the third group 5 participants
expressed that CP would make students active and encourage active participation of
students during courses.

“(A student) He might be able to solve the problem, able to calculate it
mentally. But from the view of increasing his attention to the lesson, writing

something on it (CP), plus sketching its graph...” (Group 3, Person No. 3,
Page 10, Lines 344-345)

“In my opinion, I would use CP mostly in geometry... For the figures,
visualization, and taking students’ attention more in the lesson, I liked
geometry menu more. It can make students more active.” (Group 3, Person

No: 3, Page 13, Lines 455-458)

“It (CP) teaches you to learn the subject during the lesson. If one of my
friends or the other can do it and if I fall behind in the class, | can do it as
well when you wait for me for a while. Everyone is at the same level, for
example, everyone completes the first step and passes to the second
altogether.” (Group 3, Person No: 3, Page 22, Lines 812-814)

P12 adds something to P3’s idea about active involvement of students as:

“In addition, as everyone needs to follow at that time they all focus on one
point. You can not quit, because everyone has to pass to the second step.”
(Group 3, Person No: 12, Page 22, Lines 817-818)

Two participants from the third group stated that CP is a helpful and
advantageous tool in recall. CP provides feedback, information, mathematical
knowledge and solution ways to the students. P21 gave an example of a student who
did not listen to the lesson during the course or who could not attend a mathematical
course. She stated that the student has the opportunity to learn something about the
subject by using CP.

Apart form its positive effects on students’ motivation; participants had some
concerns that CP would form unexpected behaviors in students in terms of their
interest towards learning mathematics with CP. There was a doubt among the
participants about CP becoming a usual and boring habit in time when it is used very
frequently. 4 out of 14 participants mentioned that CP, when used too often might
cause decrease in motivation. Therefore, participants suggested that the teacher
would decide specific parts of the lesson according to the subject, where he believed
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that use of CP would increase understanding and learning of mathematical subjects.
For instance, as P17 mentioned, during the courses CP use should be limited by the
teacher, such as using the tool only in reinforcement part of the lesson.

“I do not know if there will be a decrease in my motivation when I get used to
this (CP) in the future.” (Group 1, Person No: 1, Page 7, Lines 308-310)

“I would use this (CP) in reinforcement, because it is not something to be
used permanently. There will certainly be somebody who can not follow so |
would use it sometimes only when they get bored from the lesson.” (Group 2,
Person No: 17, Page 6, Lines 208-210)

“Using the tool for an hour might effect motivation in a negative way. It
should be used just in the half of the lesson. In the fifty percent part teacher
can teach, forty percent with CP and ten percent can be left for the part
which we say fun part, that enables student to concentrate more on the
lesson.” (Group 3, Person No: 21, Page 22, Lines 827-830)

From the third group, P20 mentioned another disadvantage of CP that it
might slow down the user if he is not capable of using it effectively. By saying
effectively, P20 mentioned knowing all the menus and functions of the tool. To
overcome the limitations of the tool and possible disadvantages it would cause, from
the first and the third groups, 5 participants mentioned that teacher control is very
important in CP use. Otherwise students would have difficulties in following the
course which would cause disconnection and lack of motivation. For this reason,
teacher should train students in terms of efficient use of CP and plan when and where
the tool will be used.

“Sometimes we were solving the problems altogether. When you miss a step
there occurred disconnection sometimes.” (Group 1, Person No: 5, Page 7,
Lines 322-323)

“Yes, when there is something that we do not understand, we stop. When we
miss a step, it is like a chain, you miss and the rest of it does not come...
There should interfere. You interfered in those parts very well.” (Group 1,
Person No: 1, Page 7, Lines 325-326, 328)

“By looking at the level and situation of the students, teacher should plan this
by himself.” (Group 3, Person No: 12, Page 22, Line 831)

108



4.4 Views of Pre-Service Teachers Having Different Attitude Levels

In the present study, 21 pre-service elementary mathematics teachers were
observed in the five-week process while using the GC — CP — in learning elementary
school algebra and their views were investigated. All of the participants worked
together during the five-week instruction process. On the other hand, for the
interviews, participants were not interviewed as one group or as individuals. Instead
they were grouped in three according to the results of the analysis of the three
attitude scales. The scales were aimed to measure the pre-service teachers’ attitudes
on mathematics, technology, and learning mathematics with technology. The first,
second and third group of the focus group interviews were named as low, average
and high groups corresponding to the attitude levels of the participants (See section
3.2.1.4 for detailed information about forming the interview groups).

Pre-service elementary mathematics teachers with different attitude levels
viewed CP in different forms and their views were reported as a personal tool in the
beginning of this chapter. In all of the three groups, participants commonly
mentioned that they enjoyed using CP and they would be better users if they had
more experience with the tool. In the first group, participants perceived CP as a tool
which is easy to understand, use, and manage. However, they did not mention any
specific function as important for a mathematician as the participants in the third
group. On the other hand, in the third group, that has the highest attitude level,
participants mentioned their interest and other people’s interest around them on CP.
About the physical features and technological equipment of the tool, there were not
as many comments in the second group as in the other groups. The common ideas in
the first and third groups were that they suggested the tool connect to internet, the
screen of the tool be lightened and colorful, and a video camera would be integrated
to the tool. In addition to the comments in all of the three groups, the third group that
had high attitude level mentioned that CP and computer connection was an

advantage for teachers and students in classroom environment. The sub and high
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groups mentioned a negative comment that touchpad sometimes caused problems in
managing the tool.

Participants viewed CP in terms of its functions, menus, and content. The
common view in the three groups was that they enjoyed and benefited from
geometry and e-activity menus. CP provided calculation, equation solving, and
graphing functions which participants mentioned as beneficial in all of the three
groups. Participants in the third group presented different ideas than the other two
groups in terms of the suggestions they made about the content of the tool such as the
language of the menu be native, in Turkish. They were eager to develop the tool by
adding several more menus serving as a foreign language menu, menus that can be
used in physics and chemistry courses.

Participants’ views on CP as an educational tool also indicated differences
among the attitude groups. The common feature of CP that was mentioned in all of
the three interview groups was visualization. Participants gave several examples
from the classroom observations to explain how visualization provided them with
some advantages. Visual representations in CP captured their attention and thereby
enhanced their understanding of mathematics, took their interest, provided
permanence, enabled them to compare numerous graphs, widened their point of view
by sliding and tracing features, and provided construction of several shapes.

Different than the other two interview groups, in the third group, which was
formed by the participants having highest attitude level, some aspects were identified
about the GC in terms of its use in mathematics classrooms. The opportunities that
CP serves such as multiple representations, the importance of teachers’ experiences
and capability on using the tool, and students’ works on the tool leading them to
research based learning were identified only in the third group.

When the place of CP in mathematics courses was considered, use of CP in
problem solving and exercise part of the lesson was suggested in all of the three
attitude groups. Pre-service teachers suggested that a teacher can prepare several CP

integrated tasks and activities about a mathematical subject. They believed that
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students would reinforce a mathematical subject more willingly by CP integrated
tasks and that CP would provide save of time in classrooms by serving quick
computations and operations.

Different than the other groups, in the third group, 5 participants suggested
that a separate course where CP is used as the main tool would be beneficial for
students. Participants named the course as an application course in which CP
integrated tasks and activities would take place. In the application course,
participants indicated that students would reinforce the mathematical subjects by
working on CP activities. In addition, only in the third group it was suggested that
students’ use of CP should be permitted in the exams. In other words, students would
use CP in assessment and evaluation parts of the lesson.

The content of CP in terms of the mathematical subjects was discussed during
the classroom studies and interviews. The common idea of the participants in the
three groups was that they, as teachers, would choose to use CP in graphing and
geometry. They explained some reasons such as CP forms visual and accurate graphs
and geometrical figures, gives the opportunity to compare more than two figures and
graphs on the coordinate axis, and facilitates the discovery of figures by dragging
and zooming functions. The easy and accurate sketching of graphs and drawing of
the figures made CP more useful than paper and pencil in the teaching and learning
of geometry and functions subjects. Apart from this common idea, participants in the
second group suggested the use of CP in the subject patterns, and participants in the
third group suggested the subject equalities and equations. It was observed that
participants having higher attitude level towards technology and mathematics were
more eager to use CP in the teaching of various mathematical subjects than the other
two groups.

The third group was very interested in the tool and wondered whether
teachers would let them use it in university courses. For pre-college level, they
agreed in the idea that CP should be used after the first five grades or in secondary

level. On the other hand, earlier use of CP was suggested in the first group. In the
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first group it was suggested that, when integrated with paper and pencil, CP can be
used in mathematics education in schools starting from the fourth grade.

Participants in the first and second groups expressed that they found CP more
advantageous than paper and pencil in terms of the regular and correct drawings that
CP serves and they believed that CP saves time in classroom studies. On the other
hand, participants in the third group mentioned additional reasons for why they
considered CP more useful than paper and pencil. CP serves comparison of more
than two graphs, widens the user’s view by providing zooming and dragging
functions, and helps the user to remember some basic information about a
mathematical concept.

Participants also considered the obstacles they might face as a teacher and the
obstacles that elementary school level students might face when CP is used as a tool
in classrooms. One participant from the first group complained about the
management of the classroom when CP is used. She mentioned that use of CP as a
main tool in mathematics courses would cause management problems in crowded
classes. In the second group, there were additional claims that the training period of
CP would produce problems in crowded classes. Participants mentioned that, in
order to prepare students for efficient use of CP, teachers should provide an
environment for students to gain experience during a required period of time. The
participants of the second group pointed that difficulties in management of the
classroom would occur in introducing students CP and teaching them how they
would use CP for specific calculations.

In terms of the challenges that elementary school level students and teachers
might face, participants of the third group did not mention any of the difficulties
above but one. Two of them stated that CP might condition students for ready-made
answers. Other views of the participants in the third group, in terms of the
elementary school level students’ use of CP were positive views such as CP provides
verification, beneficial for talented students, make students like and deal with

mathematics willingly, and provides quick and accurate calculations.
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The views of the three groups showed an obvious difference in terms of the
motivating effect of CP on students. The common ideas mentioned in all of the three
groups were that CP has a motivating effect on students for the reason that the tool
builds up passion and wonder. The first and second groups gave the reason that the
tool is visual and enjoyable. Whereas, in addition to the visualization function of the
tool the third group mentioned that CP is practical in use and easy to be managed
which increased their motivation during the classroom studies. Participants in the
third group made additional statements. One of them was that CP helps in recall as it
has basic mathematical concepts in its content. Other idea was that CP would make
students active in classroom environment and would encourage active attendance in
mathematical tasks. The common idea among the three groups was that over use of
CP would be boring for elementary students; therefore teacher inference is necessary.

When the overall observation period is considered, participants having higher
attitude scores participated more in the classroom studies and they were eager to

involve in the CP related tasks.
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CHAPTER 5

CONCLUSIONS, DISCUSSIONS, IMPLICATIONS AND
RECOMMENDATIONS

This chapter presents the interpretation of the results in brief in the
conclusion part. Furthermore, the discussion and implications of the results in
various fields are explained. In the last part, recommendations for future studies are

presented.

5.1 Conclusion

Participants expressed their thoughts both with behaviors and words in four
processes: training and instruction process, interviews reflecting on open-ended
questions, and completing attitude scales. According to the analysis of these data
sources, results are concluded in three main headings; use of the Classpad (CP) as a
personal tool, use of CP as an education tool and the relationship between CP and
motivation.

As a result of a qualitative study “researcher develops a theory or compares
pattern with other theories” (Creswell, 1994, p. 96). Therefore, in this chapter, the
patterns emerged in this study are compared with the previous studies in the related
literature.

A quick and fast development in participants’ use of CP is observed during
the instruction process and they also reported a “difference” between the first and the
last days of the instruction process. As P20 expressed in the interview, in the first
day of the training they were “hopeless” about how they will be able to use the

menus that seemed them very “hard to understand”. The reason of lack of use in

114



some steps might be the short period of the use, but when the majority of the
participants are considered, observations and interviews show that they get used to
CP day by day, the problems they face decreased and their ability on using CP
improved fast.

Although the instructor was always helping participants to find the related
menu, necessary shiftings, and buttons, when the instruction period continued,
participants’ questions about finding direction in CP were decreased and they found
answers to their questions by discovering CP themselves. For example, in a task,
letter “b” was used as the variable for the unknown; in another task there was the
letter “r” as the variable of strawberry jam quantity. In CP, there are four letters
defined to be used as variables - x, y, z, and t - whereas the participants insisted on
using letter “b” and “r” as it was told in the tasks. When CP did not except these
letters as variables, they found the way to define all the letters as a variable in a short
time in the same course hour without getting help from the instructor. In the
following courses, it was observed that everyone was using the “changing variables”
action without teachers’ manipulation or guidance. By relying on the observed
progress in participants’ use of CP, it can be concluded that by discovering and
exploring the tool, participants reached to anything they need in CP easily by
themselves.

At the end of the analysis, data was grouped under three headings as
mentioned above. Patterns showed a one within the other relationship between the
three groups. Creswell (1994) explains this as:

“A theory may not be a ‘container’ because it does not fit a particular

situation, or it inadequately explains what is occurring naturally in a situation.

One needs to build a new theory by using an inductive model of thinking or

logic. The researcher begins by gathering detailed information and forms
categories or themes until a theory or pattern emerges.” (p. 95)

There realized connections between the use of CP as a personal tool, the use
of CP as an educational tool, and relationship between CP and motivation. This

connection and the main categories emerged from the results of this study is
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visualized in Figure 4. Although the results of the study were categorized in three
main headings, pre-service elementary mathematics teachers expressed their views
on each category depending on other two categories. For instance, while talking
about their personal use of CP, they were also relying on the educational features of
the tool and about how the tool motivates them.

In the classroom observations, researcher observed that pre-service teachers
use CP in solving mathematical problems by assigning the tool different roles. At the
end of the classroom studies, it was seen that participants considered CP as a tool
that can be used in solving mathematical tasks. In addition, they considered CP more
motivating than paper and pencil. Lastly, they mostly mentioned that they would like
to use CP every time out of school that it provided them with wide range of
mathematical subjects and increased their attention on mathematics. It was drawn
from the views of the pre-service elementary mathematics teachers that, as in Figure
4, the three corners of the triangle exist concurrently when they used CP. In other
words, when an educational tool also acts as a personal tool and motivating tool,
students tend to use it more frequently and more willing. According to the pre-
service elementary mathematics teachers, who participated in this study, CP covers
all the qualities of an instructional tool which serves as a personal tool, educational

tool and a tool that increases motivation.

CPasa
Personal Tool

CP and CP as an
Motivation Educational Tool

Figure 4. Three main categories
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5.1.1 Use of CP as a Personal Tool

The reason of forming the category ‘CP as a personal tool’ is that there were
comments, ideas and views of participants in all data collection instruments which
were about their experiences in the use of a technological tool regardless of
considering it as just an instructional tool, instead; thoughts about their personal use
when they deal with the tool in classroom, at home. Their personal thoughts were
diverged into three contents; personal use of CP, physical features and technological
equipment of CP, and menus, functions and content of CP.

Most of the participants showed and stated that they were enjoying the tool
during the instruction process and therefore eager to learn more about CP. All of the
participants needed guidance and help when it was their first time in using a menu.
After getting assistance in the first use, they expressed that use of CP is practical and
easy because “everything is already written” in it. Participants mentioned themselves
as “incompetent” in the use of CP which they explained as that they feel “sufficient”
only for the menus they had experienced through the instruction process. The general
thought among the participants was; the better one uses CP, the more he benefits.
Five participants mentioned that CP is important for any person deals with
mathematics.

Seven of the participants who were interviewed stated that people around
them showed interest on CP such as a high school student, a university student in
economy, and another student in statistics department. They also mentioned that
these people were able to use some of the menus of CP.

When the physical features and technological equipment of CP is considered,
participants gave suggestions in terms of making additional features to CP such as,
connection to internet, colorful cover, colorful screen, portable sliding keypad, a
more lightened screen for night use, memory card, battery, and a speaker. It was an
outcome that for the majority of the participants, touchpad took their attention and
provided easy use. Oppositely, for some of them stylus caused problems, as it

sometimes did not react which slowed the calculations. Participants consider CP as a
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“beneficial” tool because it helps them make and fast, accurate and reliable
calculations, solve equations and draw the graphs conveniently. More than half of
them suggested that CP should be improved to show the calculation steps. For the
content of the tool, all of the participants found it sufficient in terms of elementary
grade mathematics content. In addition, 11 participants mentioned that CP has a full
content for all grades of mathematics. 4 of them suggested content of CP be
separated according to the levels and each subject be downloadable from internet.

Although it was a suggestion that the language of the tool should fully be
translated to Turkish to provide comfortable use was made by only two of the
participants during the interviews, the misunderstanding of English terms in the tool
was frequently observed in most of the participants during the instruction process.

When the idea of adding other subjects such as physics and chemistry to CP
was presented in group three, P3 made an explanation that shows the meaning of CP
for her, for mathematics and how much she was impressed with a mathematical tool.
It was specifically mentioned that CP includes both pre-college and undergraduate
level mathematics subjects which the pre-service elementary mathematics teachers
considered as an efficient tool for mathematics.

Among the 4 menus of CP which were frequently used in the four-week
instruction process, the menus that the participants understood and used quickly and
easily are the main menu, graphics and tables, and geometry. As the menu e-activity
is the union of all the menus related to algebra, it was the most frequently used menu
in the instruction process. Although during the instruction process 2 participants
found the menu e-activity complex to use, majority of the participants were capable
of using the e-activity menu at the end of the instruction period. This was an
expected outcome because e-activity is a complex menu that combines all of the
menus in CP and participants also mentioned this menu as “everything” and “very
beneficial”.

The menu graphics and tables and the geometry menu are the other two

menus that participants found beneficial and enjoyable. They mentioned the multiple
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representations facility that these menus provide as effective. It can be clearly seen
from the observations, interviews and open-ended questions that all of the

participants were impressed about the graphing facility of the tool.

5.1.2 Use of CP as an Educational Tool

An analysis of data about pre-service elementary mathematics teachers’
views and thoughts on whether GCs are reasonable to be used in mathematics
teaching and learning is documented in this section.

It was observed during the instruction process and verified in the interviews
that interaction among the participants was increased when compared to the
traditional CSE course when participants were working on the computers before the
instruction period. Participants, when they had difficulty, were helping each other or
recognizing their fault by looking at each other’s CP screen before the teacher
approached them. The interactions were observed both between participants and the
instructor and among participants.

All of the participants were very interested in using CP both as a personal and
as an educational tool. In addition, they all suggested the use of CP in mathematics
education in schools. As they stated in the interviews, they had concerns about CP
doing all the calculations and giving ready-made results to the user. There were other
participants in the first and second groups who shared this concern. As a solution of
these concerns, participants suggested the partly use of GC in lesson plans. They
released the students getting used to ready-made calculations risk by suggesting the
use of CP in the particular parts of the lesson.

When the interviewed participants specified the appropriate parts of a
mathematics course that CP should be used to be effective, they referred to problem
solving (12 participants), exercise (12 participants), warming-up and reminding (3
participants), assessment and evaluation (3 participants) parts of a lesson. Some of
them (7 participants) suggested a separate course where CP is used as the main tool
to do problem-solving exercises of mathematics subjects.
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As the participants suggested the use of CP in specific parts of a lesson, they
also specified the mathematical subjects that CP would be an appropriate tool to be
used in the teaching and learning period. For the use of GCs, mostly referred and
suggested subject is functions and graphing. This was an expected outcome as
graphing and functions is the subject of an extensive research (Lloyd & Wilson,
1998; Simmt, 1997; Hennessy, Fung, & Scanlon, 2001; Lauten, Graham, & Feerini-
Mundi, 1994; Ruthven, 1990; Schwarz & Hershkowitz, 1999) about use of GCs in
mathematics education. CP use in geometry was also suggested by 12 participants.
For using CP in learning and teaching of geometry, they expressed several reasons
such as the menu geometry is visual, takes attention and easy to use. CP use in
patterns and equations in elementary grade was also suggested.

Participants discussed their concerns about use of CP both as a student and
as a pre-service teacher. They argued about elementary grade students’ use of CP and
the most common idea was that students should be capable of using CP in order to
understand the aim of the tool and use it effectively through the courses.

According to the expressions of participants during the observation period
and interviews, use of CP as an educational and a personal tool in elementary level
was recommended by 18 participants. As elementary level is the first 8 years of the
education period in Turkey, participants suggested students start using the tool either
in grade 4 or in grade 6. Rest of the participants recommended CP use in secondary
grade and at university in higher level mathematics. Moreover, as the participants
were in a mathematics-based department, they were very willing to use the tool in
their remaining three years at university.

Participants liked the tool, they defined it as beneficial, but they have
concerns about how to adapt CP to Turkish elementary mathematics curriculum and
how to teach CP use to elementary level students. The common idea was that CP use
in mathematics classrooms should be integrated with paper-pencil.

Comparing CP with paper-pencil took place during the instruction process, in

the answers of the open-ended questions and in the three focus group interviews.
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Almost all of the participants emphasize the correct, regular and scaled drawings in
graphs and geometry. Other advantages of CP mentioned were serving the user a
wider view, helping the user to remember any mathematical knowledge, and saving

files in its memory.

5.1.3 CP and Motivation

It was mentioned in the interviews, in the answers of the questionnaire by the
participants, and was observed during the instruction process that participants were
impressed with using a GC during the algebra instruction. In general, they compared
CP with traditional education that is mostly instructed by using paper-pencil. They
added that, CP took their attention and all of the participants expressed this many
times. Their attention grew up every time they learned more about the tool.

All of the participants in the first group and some of the participants from the
third group expressed their willingness in joining the instruction process of CP,
which shows a high motivation. Although only 10 participants in the interviews
directly mentioned their volunteering participation to the classroom studies, it was
seen during the interviews that all of the participants in the study were joining the
courses in enthusiasm as they had mentioned it very often during the courses and in
the breaks.

Majority of the participants in the three interview groups stated that CP builds
up one’s interest and curiosity in any level and task. Participants made statements in
three ways, from their own point of view, from elementary and secondary grade
students’ point of view and from other people’s point of view that are not educators
or students. From their point of view as pre-service elementary mathematics
teachers, participants considered their usual habits while learning mathematics with
paper and pencil. They mentioned that CP increased their curiosity and interest on
mathematics by giving immediate feedback. In addition, with CP, they mentioned
that they did not have the obstacles they faced with paper and pencil such as irregular
sketching and calculation mistakes that caused waste of time. From pre-college
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students’ point of view, because of being a technological tool, covering many
subjects in mathematics, practical in calculations, and providing multiple
representations with visualization; students would be eager to do their homework on
CP, would like to solve different problems quickly and practically, and work on CP
longer than they study with paper and pencil. Moreover, it was frequently mentioned
that CP would increase active participation to courses and encourage competition
between peers which would last in increase in learning. From other people’s point of
view, a technological, visual and practical tool full of mathematical menus, and other
menus such as presentation, would make people get one CP for themselves.

On the other hand, participants had some concerns about the use of CP in
mathematics classrooms. Some of them doubted that there would be decrease in
motivation when students use CP too often during the courses; therefore they would
quit studying with the tool. Another concern was that students who can not use CP
comfortably and lacks information about the needed functions to solve a problem, he
would quit working on the problem. This would decrease students’ motivation on
learning mathematics and participation to the course. As a solution to these doubts
that pre-service teachers mentioned, they suggested the teacher manage students’ use
of CP during the courses. In other words, teacher should get the responsibility to

decide where and in which subject the use of the tool will enhance learning.

5.2 Discussions

In this section, pre-service teachers’ views on the use of CP in mathematics
education for mathematics teachers, students, and curriculum developers are
discussed. When the results of the present study are reviewed, it can be stated that
learning how to use a GC in university education, especially starting from the first
year, can make contributions to develop effective skills for pre-service elementary
mathematics teachers. Pre-service teachers mentioned some advantages of using CP
in learning and teaching of mathematics. These advantages can be listed as; helps to

save time, provides multiple representation and transformation between graphical
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and algebraic expressions, sketches correct and accurate drawings, provides easy and
quick calculations, has a broad content to discover mathematics. In concordance with
these advantages, Ozgiin-Koca (2009) found that pre-service teachers emphasized
the transformation, time saver, computation, and discovery roles of GCs. In addition
to these roles mentioned Ozgiin-Koca (2009) where the views of pre-service
mathematics teachers on the use of GCs in mathematics education were reported,
participants of the existing study mentioned the motivating effect of CP for its
features of being visual, enjoyable, practical, attention taking, building up passion
and wonder, and leading to competition.

According to their use in the classroom studies and statements from the
interviews, the roles that pre-service elementary teachers denoted to CP in the
present study can be listed as a checking tool (Dahland & Lingefjard, 1996; Forster
& Mueller, 2001) and a computational tool (Dahland & Lingefjard, 1996; Farrell,
1996; Forster, 2000; Ozgiin-Koca, 2009) which they used the calculator for checking
or confirming their numerical and algebraic work, made calculations with high digit
numbers; a visualization tool (Dahland & Lingefjard, 1996; Hennessy, at al., 2001,
Ozgiin-Koca, 2009) where they sketched more than one graph of the equations and
compared them easily, realized patterns accurately and clearly; a transformational
tool when they wrote the equation of a problematic situation and transformed that
information into graph and saw the equations’ variable table quickly and saved time;
a discovery tool (Ozgiin-Koca, 2009) where they felt as they were the constructers of
the solution process which they progress with the help of their own ideas
independently. With these various opportunities that CP serves, the tool motivated
the users to work more than they were assigned to. As Ersoy (2005) states,
instructional technologies and GCs are the supportive tools to make the students like
learning mathematics. In the existing study, most of the participants tried other
solution ways when they completed the assigned task and were waiting for others to
complete, rather than leaning back and resting. It was recognizable during the

classroom observations that participants were interested in using the tool.
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Participants sketched the graph of an equation occurred from a problem in lesson 3
and they were asked to explain the difference in the graph of the equation when the
number of the jam bottles increases. Participants were observed that they made more
than two trials by giving different numbers to the variable x. Then it was observed
that they sketched the equation by changing the coefficient of the variables x and y
and investigated the change in their graphs. Further, participants during the
classroom studies used the time left from the tasks to explore the tool, to discover its
features and tried to use the tool in different mathematics subjects rather than
algebra. In addition, what led participants to work on anything that they wonder was
the quick work and immediate feedback that CP provided. When the results of the
existing study and literature findings are considered, in teacher education, pre-service
teachers should have the opportunity to experience with GCs in order to explore their
advantages in mathematics education.

Similar to the views of pre-service teachers in this study, visualization feature
of GCs was also revealed as a result of the study that Hennessy, et al. (2001)
conducted with open-university students. Another crucial role that pre-service
teachers mentioned was the multiple representation and transformation advantage
that CP served while working on the algebraic tasks. Participants expressed that they
had the opportunity to see the relationship between the equations, their value table,
graphs of the equations, and emerging patterns concurrently. The other advantage
was that GC filled the gap occurred from the lack of knowledge of connecting
symbolic and graphical representations.

Another result that can be considered as an advantage for both student use
and teacher use of the tool in classroom, which is also mentioned by Hennessy, et al.
(2001), Kastberg and Leatham (2005), Mesa (2008), and Roschelle and Singleton
(2008), was that students had the opportunity to test more functions of a given
mathematical situation and work on various concepts in the same amount of time that

they work for one question with paper and pencil.
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It was evident during the classroom observations that as the experiences of
the pre-service teachers increased, their aptitude towards using GCs in mathematics
education also increased. Participants, during the interviews, also mentioned that the
more they used CP, the more they benefit from the tool (Heller & Curtis, 2005).
Therefore, it can be suggested that pre-service elementary mathematics teachers
should use GCs in their university education in mathematics related courses starting
from the first grade. In fact, the GC CP has a broad content to be used in the
department of Elementary Mathematics Teaching, in the courses such as, in the first
grade General Mathematics, Concrete Mathematics, Geometry, Computer Supported
Education (CSE); in the second grade Analysis | and Il, Linear Algebra I and II,
Physics | and Il, Teaching Technologies and Material Design; in the third grade
Analysis 111, Analytical Geometry | and I, Statistics and Probability, Introduction to
Algebra, Special Education Methods | and IlI, Differential Equations, Complex
Analysis.

Considering the results of the use of GCs as an educational tool, participants
regarded the connection facility of CP with computers as an advantage for the users -
both teachers and students — in classroom environment. In addition to the connection
with computers, program download was also suggested if CP will be improved in the
future. In this study, instructor used her CP from the computer and its screen was
always on the board during all of the courses. Similar to CP in the existing study, a
connectivity software and GCs were used as the main tools in the research that
Robutti (2009) conducted. Having formed an environment both with GCs and
connectivity software, the researcher observed signs in construction of knowledge
where the latter provided social interaction leading a way to learning community. In
addition, it was found that connectivity software enhanced active participation of the
students and increased interaction between students in classroom environment
because it provided students and the teacher to show their work to each other. The
results of the present study confirm Robutti (2009) that the connection of CP with

computers lead to active participation of students to the algebraic tasks and this
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enhanced pre-service teachers’ construction of mathematical concepts, specifically
algebra concepts.

Current educational theories emphasize active involvement of students in
teaching-learning process. A common result of some studies state that GCs stimulate
students’ active involvement to the courses and work on the activities willingly both
as students and task setters (Drjvers & Doorman, 1996; Harskamp, Suhre, & Streun,
1998). Similarly, in this study during the classroom observations, participants
seemed more willing and interested in the tasks where the GC CP was used as the
main tool; they enjoyed to work together and reflected to questions willingly, were
helpful to each other when one could not find a function on CP, and eager to
construct the tasks over again by giving advices to the instructor as they were
teachers although they were not asked to. It was observed during the classroom study
of five weeks that all of the participants showed active involvement to the process
without showing any hesitation to the GC integrated elementary level tasks.
Everyone participated to classroom discussions where solution strategies to tasks
were discussed. Owing to active participation, it was observed that understanding of
algebra tasks and features of CP was improved.

Moreover, as the participants of the present study were pre-service
elementary mathematics teachers, their visions of teaching elementary level algebra
by using a qualified technological tool — Casio Classpad 330 grew up in end of the
instruction period. As some of the participants mentioned in the interviews, when
elementary level education was considered, CP facilitated learning of patterns,
enabled to express algebraic equations in different ways such as graphing and
solving numerically. By having more experience on using the tool, pre-service
elementary mathematics teachers can use the tool to enhance their mathematical
knowledge and be more qualified teachers in the future. Heller and Curtis (2005)
conducted a study with high school students and their teachers and found that
students whose teachers were trained and more experienced in using GCs, had higher

marks in the algebra achievement tests. By considering the literature and results of
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the existing study, experienced pre-service teachers will be more beneficial to their
students in the future and will be more productive in terms of teaching skills in
elementary level mathematics.

Apart from their use in mathematics classrooms where GCs serve as public
tools, they also serve as private tools (Robutti, 2009) where students can have their
free working area and study on mathematical subjects by themselves. Pre-service
teachers considered CP as a personal tool which they explained as a necessary and
important tool for a mathematician. That is to say, they regarded the personal
benefits of CP as an assisting tool that pre-service teachers can use in most of their
courses at university level and out of school whenever they would like to deal with
mathematics according to their personal interest in mathematics.

Moreover, the easy use of CP was a factor in pre-service teachers’ positive
aptitudes towards CP. In the existing study, 19 out of 21 of the participants were
confidently using four of the menus in CP at the end of the instruction process. The
quick learning period and easy use of the GCs was also mentioned in several studies
that focus on the learning period of the students who experience GCs for the first
time (Burrill et. al., 2002; Ersoy, 2006; Ozgiin-Koca, 2009, 2010)

As opposed to the four menus of CP, spreadsheet menu was misunderstood
by two participants. One participant explained the reason of the misunderstanding in
this menu as the screen shows only a small part of the main table which leads
difficulty in controlling and therefore understanding the data on the table. Another
reason of the difficulty that participants faced in using the spreadsheet menu can be

that only one task was conducted with that menu.

5.3 Implications

Developing mathematical problem solving skills and teaching students to
construct mathematical knowledge are the basic aims in mathematics education
(NCTM, 2000; MEB, 2005). Mathematics education should be integrated with
advanced and interactive technological tools. Technological tools such as

127



spreadsheets, GCs, dynamic graphing tools, computer algebra systems, dynamic
statistical packages, data collection devices, and presentation software are considered
as essential to be used in teaching and learning of mathematics (NCTM, 2000).
However, using technological tools in education such as GCs do not guarantee the
students to be a mathematics literate. GCs can only help students to concentrate on
mathematics, provide motivation in mathematical activities, and enhance problem-
solving skills (Ersoy, 2005). Therefore, using GCs should not be the aim of
mathematics courses; they should rather be used effectively as instructional tools.

In NCTM (2000) program standards for middle school mathematics teachers,
use of technology is in the standard list of knowledge of mathematics pedagogy for
initial preparation of mathematics teachers. Expectations from teacher candidates
include “developing lessons that use technology’s potential for building
understanding of mathematical concepts and developing important mathematical
ideas” (p. 4). Parallel to the recommendations of NCTM, results of the existing study
reveal several suggestions for elementary mathematics teachers about the use of GCs
effectively as instructional tools in elementary mathematics teaching and learning.
Specifically, if the use of CP is considered as an instructional tool in pre-college
level mathematics, there are important points that pre-service teachers emphasized
for GC use in classroom applications. Firstly, for the lessons in elementary level
mathematics, CP should be integrated with paper-pencil. As Ersoy (2005) stated, pre-
service teachers mentioned that using instructional technologies is not the only way
to learn and teach mathematics; rather instructional technologies and GCs are the
supportive tools to like learning mathematics. In addition, tasks and activities in the
lesson plans, where GCs will be used, should be properly prepared according to the
subject of the lesson. In this study, pre-service elementary mathematics teachers
mentioned that the way students use the tool and the role they assign to a GC should
not only be for computation; rather they should be able to use GCs effectively.
Teachers’ arrangement on the technology integrated lesson plans and tasks is crucial

as they should lead the students to understand the actual aim of the tool and provide
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environment to make the students be capable of using the tool. In other words, as
Burrill et al. (2002) remarked, teachers should allot an adequate time for the training
period of students on the use of GCs. These suggestions meet the goals of NCTM
(2000) and MEB (2005). In the principles of NCTM (2000), it is emphasized that
learning of mathematics will occur more deeply if the use of technology is
constructed appropriately. Similarly, in MEB (2005), calculators are suggested to be
used starting from elementary mathematics education but not for all calculations or
during the course. Second suggestion for teachers’ use of technology in mathematics
classroom is that GCs can be used in the problem solving processes, exercises, and
activities during the courses; also in the warming, reminding, and assessment parts of
the lesson plans. Thirdly, according to the pre-service elementary mathematics
teachers in this study, with its features of providing multiple representations,
visualization, immediate feedback, broad content, and sixteen menus, CP is qualified
enough for all the learning areas of pre-college mathematics. Therefore, CP can be
integrated to almost all of the mathematical subjects in elementary and secondary
level. Proving this outcome, there are a number of studies in elementary level and in
secondary level (Burrill et. al., 2002; Roschelle and Singleton, 2008) focusing on the
teaching of subjects such as algebra, geometry, functions, trigonometry and numbers
with GCs.

In addition to pre-college level education, pre-service elementary
mathematics teachers recommend the use of GCs in university level by integrating
calculator use to mathematics related courses. They believe that a GC will assist
them in courses such as General Mathematics, Concrete Mathematics, Geometry,
Analysis, Algebra, Physics, Teaching Technologies and Material Design, Statistics
and Probability, Differential Equations, and Computer Supported Education (CSE) in
their university education. They also suggested that, university education should
provide pre-service teachers the opportunity to explore the role technology can play
in helping them achieve their instructional goals; learn mathematics with a

technology integrated program. If they construct mathematical concepts in the
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courses engaged with GCs, they will see the benefits of technology in their education
and they will be able to reflect these benefits to students when they become teachers
(Alagic & Palenz, 2006; Burrill, et al., 2002). This will lead them to use
technological tools such as GCs in mathematics classrooms willingly. Therefore, for
pre-service mathematics teachers, to experience the role of technology in
mathematics education more, technological instructional tools should be integrated to
university courses.

Mathematics teachers can benefit from the views of pre-service elementary
mathematics teachers in this study, in terms of integrating GCs into mathematics
education. According to the views of pre-service teachers, CP is easy to learn, fun,
practical with its touchpad screen, has a broad content, serves mathematics integrated
menus, includes menus such as e-activity which provides several functions to prepare
tasks, activities and worksheets that combine various mathematical subjects. For all
these reasons using CP is beneficial for teachers’ professional development in their
jobs. Furthermore, CP is beneficial for teachers and teacher candidates to develop
themselves in mathematics. In this study, it was expressed by pre-service teachers
that CP is a tool to be used personally for the ones who want to deal with any subject
of mathematics whenever they want and need to and it was also mentioned that every
mathematician should use a GC. Various studies also recommend teachers to
experience GCs in order to develop themselves in high level mathematics (Roschelle
and Singleton, 2008) and also create tasks in pre-college level mathematics (Burrill
et. al., 2002) with the help of GCs. In specific, for classroom use of CP in elementary
level algebra, the content and menus of CP is sufficient as the tool includes main
menu for the calculations algebraic expressions, geometry menu for patterns and
relations, graphs and tables menu for equations and graphs of the equations, and e-
activity menu to perform tasks that combine all of the sub learning areas of
elementary level algebra. So as Roschelle and Singleton (2008) remarked, newly

produced GCs are appropriate for the subject algebra in terms of their content and
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menus; GCs have a positive effect on the learning of algebra and students’ progress
on algebraic concepts.

Lesson plans prepared for the classroom studies of the existing study can
serve as examples for the elementary mathematics teachers who are willing to use
GCs in their classrooms. Curriculum developers can benefit from the detailed lesson
plans to see examples of integrating GCs to different parts of a lesson plan such as
warming, reminding, teaching and learning period, application and assessment, in the
teaching of elementary level algebra. To use GCs as instructional tools in elementary
level mathematics education, it can be suggested that curriculum developers and test

makers prepare tasks and activities that can be conducted with the use of GCs.

5.4 Recommendations

The present study indicates the views of pre-service elementary mathematics
teachers on the use of a GC — CP — in mathematics education. Their views were
grouped in three categories. Participants considered the tool in three headings which
are as a personal tool, as an educational tool and the relationship with the tool and
the users’ motivation.

The existing study might be replicated by adding achievement scores of the
participants to the existing data. An achievement test in the related subject can be
given as a pre-test or both as a pre-test and post-test. In a study of this kind, the
qualitative data will be supported with the quantitative data. An achievement test that
requires GC use will provide the researcher to understand the familiarity and usage
level of the participants with the tool, how efficient they are with the content of the
tool, and see if the instruction period is long enough for the teaching and learning of
the related subject with a GC.

When the results of the study are reviewed, there is data about the four menus
of CP which are main menu, graphics and tables, e-activity and geometry. It can be
recommended to conduct a study with one of the menus of CP with detailed lesson

plans that only focuses on one menu. In an instruction period similar to the one in
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this study, all functions of one single menu can be investigated deeply with leading
tasks. According to the results of that study, the tool can be advanced with all its
menus and functions to be used as an instructional tool in mathematics courses
permanently.

Similar to focusing on one menu, researchers can focus on one subject of pre-
college level of mathematics, which is algebra in the existing study. When a
sufficient number of study is conducted on elementary level subjects, there can be
strong recommendations about where to use CP in the learning and teaching of every
mathematics learning area. These studies will guide elementary mathematics teachers
in developing teaching skills and preparing lesson plans with GCs.

Another study can be designed with the other menus of the tool which are 3D
graph, conics, geometry, number solve, and e-activity with the same method design
of this study in secondary level mathematics with the pre-service secondary
mathematics teachers.

Classroom applications of pre-service mathematics teachers, who are trained
in the use of GC during their university education, can be investigated. Pre-service
teachers’ compulsory course which is school experience in the fourth year of the
university education and their first year when they become teachers can be observed
to see how and in what ways they use technology, especially GCs, in their classroom,
to investigate the roles they assign to calculators, and observe the tasks they prepare.

In this study, pre-service teachers were grouped in three, according to their
scores from teaching algebra with technology attitude scale, mathematics attitude
scale and technology attitude scale. The difference between the groups can be
investigated deeply, in order to see the long-term effects of technology-integrated
education. Pre-service teachers’ attitudes in their first year at university were
obtained in this study. Following this, the change in their attitudes can be
investigated during the four years of university education. This would provide the

researchers to see how technology based education reflect on attitude. In addition,
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technology effect on pre-service teachers’ attitudes, their views on the place of GCs
in mathematics education can be investigated.

For the new productions of GCs, CP is considered to be a sufficient and high
technological tool as its menus not only comprise related features and functions to
make mathematics in undergraduate and pre-college level, but also includes other
menus such as presentation, data collection and analysis. As a mathematical tool, the
menu e-activity is very functional as it brings all of the menus together which is used
to form challenging tasks in mathematics that combines different subjects. In
addition, CP is a way high standard tool with its physical features and technological
equipment such as the touchpad screen, easily manageable dimensions, data transfer
with CP and computer connection. In order to develop a more functional tool, it can
be suggested to add internet connection, colorful screen, sliding keypad, memory
card, video camera; menus can show calculation steps; menus can be separated
according to grades such as sixth grade subjects and be downloadable when needed.
In addition, adding menus such as language, physics, and chemistry can make the
tool be also used in other fields, too.
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APPENDICES

APPENDIX A

LESSON PLANS

Ders Plam I
Sinif Seviyesi: 6. Sinif
Siire: 50+50 dakika
Ogrenme Alam: Cebir
Alt Ogrenme Alani: Cebirsel ifadeler
Kazanimlar:

1. Belirli durumlara uygun cebirsel ifadeyi yazar.

Ogretme Ogrenme Siireci
Hatirlatma:

Ogrencilere gecmisteki oriintii bilgilerini hatirlatmak icin asagidaki érnekler verilir:

Hal1 desenleri, merdiven basamaklari.

Isindirma:
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e “Sekildeki karenin bir kenar1 5, 6, 7 ... cm ise ¢evresi ka¢ cm dir?”
e “Nasil buldunuz, hesapladiniz?"
e “Kenar uzunlugu degistikce hesaplarinizin nasil degistigini gosteren bir tablo
olusturunuz.”
e “Kenar uzunlugu bilinmeyen bir karenin ¢evresini nasil belirtebiliriz?”
benzeri sorular 6grencilere yoneltilir.

Kenar uzunlugu degistikce karenin cevresini nasil hesapladiklarini, nasil
ifade ettiklerini fark etmeleri i¢in, farkli kenar uzunluklar1 verilen karelerin
cevrelerini hesaplamalar1 istenir. BOylece genel bir ¢evre formiiliine ihtiyag
hissettirilir. Ogrenciler arasinda karenin gevre hesabi igin “4a” cevabini veren olursa,
ogrencilerin akillarindaki soru isareti ile merak ile derse gecis saglanmasi icin dogru

cevap belirtilmez. Ogrenciler dogru sonuca dersin sonunda ulasmis olacaklardir.
Derse Giris:

Ornek Durum: Emre’nin hikaye kitaplariin sayis1 Duygu’nun hikaye kitaplarindan 6
tane fazladir.

Verilen duruma gore, 6grencilerden Emre ve Duygu’nun kitap sayilarin bir
tablosunu olusturmalar1 istenir. Emre’nin kitap sayist 1 den itibaren artirilarak
ilerlenir. Son adimda ise Emre’nin kitap sayis1 “e” ile gosterilir ve Ogrencilerin

Duygu’nun kitap sayisi olarak “e+6” ifadesine ulagmalar1 beklenir.
Etkinlik Plam

Ogrenme Alam: Cebir

Alt Ogrenme Alam: Oriintiiler ve Iliskiler

Kazanim:

1. Sayi oriintiilerini modelleyerek bu oriintiilerdeki iliskiyi harfle ifade eder.
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Ogrenme Ogretme Siireci

Yeni evli bir ¢ift evlerini salonlar1 diizgiin besgen olacak sekilde tasarliyorlar.
Ortadaki besgen evin salonunu temsil etmek iizere, salonun her duvarina komsu olan
5 adet besgen seklinde oda yaptirilmistir. Bu odalar evin beyine aittir. Erkegin
odalarina komsu olarak yapilan 5 oda ise esi olan bayana aittir. Bayanin odalarina
komsu olan odalar ise ¢iftin yeni dogmus kizlar i¢in yaptirilmistir. Evde yasayacak
olan ailedeki her birey i¢in bu sekilde odalar insa edilmistir.

Ogrenciler 2 kisilik gruplar halinde asagidaki sorulari cevaplandirmak icin
caligirlar.

e Evdeki kisi sayis1 4 olursa oda sayisinin kag¢ olacagi siifta tartisilir.
e 4 kisinin yagadig1 bu evin modelinin ¢izilmesi istenir.

e Evde 5, 6, 7... kisi yasarsa oda sayisi1 kag olur?

e (Oda sayismin kisi sayisiyla baglantisini arastiriniz.

Ogrencilerden asagidaki tabloyu tamamlamalar istenir.

Kisi sayis1 Salon + Oda sayis1t | Toplam oda sayist

1

2
3
4

Ogrenciler, her adimi1 matematiksel olarak ifade ettikten sonra genel kurala
sozel olarak ulagmalar1 i¢in asagidaki adimla devam edilir. Genel kurala ulasmak i¢in
sinif i¢i fikir alisverisi yapilir. Ogrenciler diisiincelerini sinifa agiklar. Genel kurala
sozel olarak ulasildiginda, O6grenciler olusturduklar: tablo yardimiyla Oriintiiniin
genel kuralmin cebirsel ifade ile gdsterimini olusturur. Ogrenciler bulduklari cebirsel
ifadeyi grafik hesap makinesine yazarlar. Diger gruplarla makineleri degistrerek
yazdiklar ifadelerdeki farkliliklar tartigirlar. Aile 42 kisi olursa oda sayis1 kag olur?

sorusu grafik hesap makinesi kullanarak bulunur.
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Ol¢me Degerlendirme:

Asagidaki durumlar1 cebirsel olarak ifade ediniz. Cebirsel ifadeleri grafik hesap

makinesine yaziniz. Bilinmeyenleri “a” ile gosteriniz.

e Bir saymin karesinin 5 kati
e Birsaymin 1 eksiginin 8 kati

e Bir saymnin 3’e boliimiiniin kendisi kadar fazlasi
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Ders Plam 1T
Simif Seviyesi: 6. Stif
Siire: 50+50 dakika
Ogrenme Alam: Cebir
Alt Ogrenme Alam: Oriintiiler ve iliskiler
Kazanimlar:

1. Sayi oriintiilerini modelleyerek bu oriintiilerdeki iliskiyi harfle ifade eder.

Ogretme Ogrenme Siireci
Hatirlatma:

Ogrencilere gegmisteki oriintii bilgilerini hatirlatmak i¢in asagidaki 6rnekler
verilir: Hal1 desenleri, merdiven basamaklari,
Ornek Durum: 3, 6, 9, 12, ... seklinde devam eden say1 Orlintiisii.
e Ogrencilerden bu ériintiiye uygun model olusturmalari istenir.
e Bir sonraki say1 bulunur.
e 7.ve 8. say1 kactir?
Adim sayist ve her adima karsilik gelen sayiy1 gosteren asagidaki gibi bir tablo

olusturulur, tablo 6grencilere doldurulur. n. adimdaki say1 tabloda buldurulur.

Adima karsilik gelen
Adim Sayis1 Oriintii ile model iliskisi
orlintiideki say1

1. adim

2. adim

3. adim
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En az bir bilinmeyen ve islem iceren ifadeler cebirsel ifadelerdir. Cebirsel
ifadelerde kullanilan ifadeler sayilari temsil eder ve “degisken” ya da “bilinmeyen”

olarak adlandirilir.
Etkinlik Plam

Kenarlar1 10 kareden olusan sekle yiizliik kare denir. Yiizliik kareden arti
isareti seklinde 3 alt alta ve 3 yan yana (3x3 liikk) olmak {izere bir say1 dizisi segilir ve
iki koldaki (yatay ve dikey) sayilarin toplamlar1 karsilastirilir. Ogrencilere drnek bir
yiizlik kare ve bu kareden segilmis 3x3 liik say1 dizisi gosterilir. Bu etkinlik bir
oriintli kesfetme ¢alismasidir.

Ogretmen etkinlikle ilgili olarak asagidaki bilgileri dgrencilere verir.

e Karenin seklinin nasil olabilecegi konusunda 6grencilerin yonlendirilebilmesi
i¢cin 0gretmen, sinifca 6grencilerin fikirlerini belirtmelerini ister. Bu asamadan
sonra 0grencilerin etkinlik tizerinde ¢caligmalar1 baglamis olur.

Her 6grenci sayisal tabloda kendi yiizliik karesini olusturur. Smifca ¢alisip fikir
aligverisi yaparak art1 (+) seklinde alacaklar1 say1 gruplarini secerler. Sectikleri say1
gruplarinin yatay ve dikey toplamlarmi akildan ya da kagit kalem kullanarak
hesaplarlar. Ogrenciler grafik hesap makinesinin sayisal tablo meniisiinde ¢alisirken
toplam formiiliinii kullanarak bir¢ok say1 grubunun kollarinin toplamini kisa siirede
bulup karsilastirabilirler.

Ogrencilerin kesfetme siirecini kolaylastirmak icin sayisal tabloda bos bir
kisma, yiizlilk kareden segecekleri art1 (+) seklindeki say1 gruplarindan bir tane
olusturmalar istenir. Asagidaki soru sinifa yoneltilir.

e Say1 grubunun ortasindaki say1 ile ¢evresindeki sayilar arasinda bir iligki var
midir?

e Ogrencilere, 3 tane daha say1r grubunu, sayisal tablonun bos kisimlarinda
olusturmalar1 s@ylenir. Ayni soru {izerinde tekrar diisiinmeleri istenir.

Sayilar arasindaki Oriinti bulundugunda, Ogrencilerden bir sayr grubunun

ortasindaki sayiy1 yazdiklarinda kollardaki diger dort sayininda olusmasi igin bir
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formiil bulmalar1 istenir. Genellemeye gidilen bu adimda, yonerge Ogrencilere
asagidaki gibi verilebilir:
e Ortadaki sayiya x dersek kollardaki sayilar nasil ifade edilir?

Ogrenciler ikili olarak yanlarinda oturan arkadaslari ile calisir. 10 dakika siire
verilir. Ogretmen 6grenciler arasinda dolasarak aralarindaki fikir alisverislerini takip
eder. Coziim yolu Oneremeyen Ogrencileri yonlendirir. (problemi tekrar agiklar,
ogrencilerin takildiginmi diisiindiigii yerleri agiklar, ¢6ziim yolu i¢in bir adim gdsterir
vb.) Ogrenciler verilen problem iizerinde 10 dakika ¢alistiktan sonra siif bir arada
¢dziim yollarini tartismaya yonlendirilir. Ogretmen yénlendirici sorular yardimu ile
siif i¢i ¢6zlim paylasimini ilerletebilir.

Ogrencilerden bulduklar1 oriintiileri smifla paylasmalar1 istenir. Coziim ve
Oneriler sinifca tartigilir.

Bulunan 6riintiiniin, tiim sayilarda gegerli olabilecek genel bir formiil oldugu
vurgulanmalidir. Bunun i¢in, Oriintliniin yiizliik kare disina ¢ikildiginda da gecerli
olup olmadigi 6grencilere sorulur.

Daha sonra dgrencilere baska bir durum agiklanir. Bir matematik 6gretmeni bu
etkinligi yillarca derse girdigi simiflarda 6grencileri ile uyguladiktan sonra art1 (+)
seklindeki say1 gruplan iizerinde calismaktan sikilmistir. Ogretmenin dgrencileriyle
tizerinde calisabilecegi yeni sekiller bulunmasi gerekmektedir. Artt seklindeki say1
gruplarinda bir sayr yazildiginda digerleri bulunabildigi gibi, yeni bulunacak
sekillerde de tek bir say1 yazildiginda sekli olusturan tiim sayilar bulunabilmelidir.

Bu gorev, dgrencilerin tlizerinde bir siiredir ¢alistig1 6riintii konusundaki tiim
bilgilerini kullanarak sayilar arasindaki iligkileri arastirmaya yonlendirir. Bu ¢alisma
sirasinda, Ogrenciler grafik hesap makinesinin sayisal tablo meniisiinde islemlerini

kolaylastiracak 6zellikler kullanirlar.
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Ders Plam 111
Simif Seviyesi: 6. Stif
Siire: 50+50 dakika
Ogrenme Alam: Cebir
Alt Ogrenme Alam: Oriintiiler ve iliskiler
Kazanimlar:

1. Dogal sayilarin kendisiyle tekrarli garpimini islii nicelik olarak ifade eder ve

uislii niceliklerin degerini belirler.

.

Ogretme Ogrenme Siireci

3 3!

3x3 3

3x3x3 3°

3x3x3x3 3

2X2Xx2 28 benzeri Orneklerle iis kavrami ile sayilar arasindaki iligki
gosterilir.

a'=b genel gosteriminde “a” ya taban, kag tane a’nin garpildigimi belirten say1
olan “n” ye kuvvet veya iis, ve “b” ye de deger ad1 verilir. a {issii n veya a’nin n.
kuvveti seklinde okundugu belirtilir. 27%, 272, 27% ve 2" iislii sayilari grafik hesap
makinesinde hesaplanir.

10" sayist ka¢ basamakli olabilir? Smifga tartisilir. Grafik hesap makinesi ile
kontrol edilir. Makinede, 109, 108, 10*2 sayilar1 hesaplatilarak basamak sayilari

bulunur.
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Etkinlik Plam
Ogrenme Alam: Cebir
Alt Ogrenme Alam: Esitlik ve Denklem
Kazanim:
1. Esitligin korunumunu modelle gosterir ve agiklar.
2. Denklemi agiklar, problemlere uygun denklemleri kurar.

3. Birinci dereceden bir bilinmeyenli denklemleri ¢ozer.

Ogrenme Ogretme Siireci

Asagidaki tablo siniftaki dgrencilere verilir. Ik siituna segilen say1 ile adim
adim yapilan hesaplar yazilir. Ikinci siituna ise her adima karsilik gelen cebirsel ifade

yazilacaktir, bu siitun grafik hesap makinesinde olusturulur.

I. Stitun II. Stitun
AdimI  Aklindan bir say1 tut
Adim Il  5ekle
Adm I 2 ile carp
Adim IV 6 ekle
AdmV 12 ¢ikar
Adim VI 2’ye bol
Adim VII Buldugun sayidan bastaki say1y1 ¢ikar

I. Siitun II. Siitun
AdmI  Bir sayi diisiin
Adim Il 7 ekle
Adim IIT 10 ile garp
Adim IV  5’e bol
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AdmV 14 ¢ikar
Adim VI 2’ye bol

Cevabi, problemin basinda tuttugunuz sayinin 3 kati olan bir problem

olusturunuz, probleminizi sinifla paylasiniz.

Asagidaki sorular1 vererek 6grenciler arasinda sinif ici yarigsma diizenlenir.
Classpad kullanilarak ilk 6nce dogru sonuca ulasan 6grenci yarigmay1 kazanmig

sayilir.

e Bir saymnin 2 eksigi 127°dir

e Bir saymnin 3 kat1 ilk problemin cevabina esittir

e Bir say1 ile 10 un toplami bir 6nceki sorunun cevabina esittir

e -5 ten bir sayinin ¢ikarilmasi bir 6nceki sorunun cevabina esittir

e Bir sayi ile ikinin yarisinin toplami bir 6nceki sorunun cevabina esittir
e Bir 6nceki sorunun cevabindan bir sayinin ¢ikarilmasi -12 ye esittir

e Birsay1 ile — 9 un toplami bir 6nceki sorunun cevabina esittir

e Bir dnceki sorunun cevabi ile 96 nin ¢arpimi bir say1ya esittir,

e Bir dnceki sorunun cevabi, 1 ile bir sayinin ¢arpimina esittir
Olcme Degerlendirme:

e 2"=8ise n kactir?
*  X.X.X.X.X.X.X= ? ¢arpimini iislii niceik olarak ifade ediniz.
e a=5ise a™ ifadesini hesaplaymiz.

e 5%=5673 ifadesi dogru mudur?
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Ders Plam1 IV
Sinif Seviyesi: 7. ve 8. Simif
Ogrenme Alam: Cebir

Alt Ogrenme Alam: Uslii nicelikler (7. sinif)
Oriintiiler ve iliskiler (8. smif)

Kazanimlar:

Tamsayilarin kendileri ile tekrarli ¢arpimini iislii nicelik olarak ifade eder.
10’un pozitif ve negatif kuvvetlerini kullanir.

Cok biiyiik ve cok kiigiik pozitif sayilar1 bilimsel gosterimle ifade eder.

A e

Ozel say1 oriintiilerinde sayilar arasindaki iliskiyi agiklar.

Ogretme Ogrenme Siireci
Isindirma:

Bu ders boyunca &grenciler classpad ana meniide ¢alisirlar. Ogrencilerden bir
bilinmeyen secerek istedikleri sayida yan yana yazmalar istenir. Islem yap komutu
verilince islii ifade karsilarina ¢ikar. Bu kisa etkinlik 6grencilerin akillarinda sorular

uyandirir ve {islii say1 ile tanigsmalarinda ilk adimdir.
Derse giris:

Asagidaki sorular ana meniide ilgili fonksiyon kullanilarak ¢oziiliir.
e 20,39 sayisini ¢oziimleyelim.
o 2.10°+0.10™++3.107+9.10°
o 482 2%
e Aylik 1,2 bin lira geliri olan bir banka ¢alisan1 ile 1,2 milyon lira geliri olan
Bill Gates’in gelirlerini iislii say1 seklinde ifade ediniz.
o 1,27,729, 19683, ... seklinde devam eden Oriintiiniin sonraki 2 terimi kactir?

e Bu oriintiiniin 10. terimi kactir?
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x® —y® ifadesinin x=5 y= -3 i¢in alacag1 degeri bulunuz.

X.X

X.X.X

XO

Xl

X2

X3

XO
12-0°
2?12
32-_2°
4% — 3% geklindeki islemler bir oriintii ile devam etmektedir. ilgili Sriintiiyii
bulunuz.
172 - 162

89 — 882 cevaplari driintiiye gore kactir?
Bir fabrika ayda 10" kg kiip seker iiretmektedir. Bu iiretim i¢in 4.10% m®
elektrik ile 2.10? m® su tiiketimi yapmaktadir. 100** kg kiip seker iiretimi igin

kag m® elektrik ve su tiiketilir?
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Ders Plam V
Simif Seviyesi: 7. Stmif
Ogrenme Alam: Cebir
Alt Ogrenme Alani: Cebirsel Ifadeler
Kazanimlar:

1. Iki cebirsel ifadeyi garpar.
2. Cebirsel ifadeleri sadelestirir.

Ogretme Ogrenme Siireci
Derse giris:

Asagidaki cebirsel ifadeleri toplayimiz.
o (3x-5)+(5x+8)
o (X+7)+(-8x-17)

Bu cebirsel ifadeler, classpad ile benzer terimler toplanmis olarak ifadenin en
sade bi¢imine gelir. Ogrencilere, ifadenin sade hali ile ilk hali arasinda nasil bir
benzerlik oldugu sorulur ve ogrencilerden hangi terimlerin toplanmis oldugunu
tahmin etmeleri istenir.

Bir cebirsel ifadede, bir degiskenin ayn1 veya farkli katsayilara sahip olan
terimlerine “benzer terim” dendigi belirtilir.

Benzer terimler toplanirken i¢inde bilinmeyen bulunan terimlerin 6niindeki
katsayilar toplanir, bilinmeyenin katsayist olarak yazilir. Classpad de yapilan
islemde, cebirsel ifadenin ilk hali ile sade hali karsilastirilarak bu ifadenin dogrulugu
goriiliir. Burada terim ve katsay1 ifadeleri vurgulanir.

X2+4x-5-3(X*+5X)
5+x-2x%+2(x*+4x) seklindeki cebirsel ifadeleri en sade hale getiriniz / es degerini

bulunuz.

152



Sorunun ¢oziimii i¢in 6grencilerden bu ifadeyi classpad e girmeleri istenir.
Eylem > Esitlik/Esitsizlik > Solve komutu verilir ve ifadeler en sade hallerini alirlar.

Ogrencilere asagidaki sorular yoneltilebilir:

e Sonug ne oldu?

e Sizce bu sonuca ulagsmak i¢in hangi islemler yapildi?

e Cebirsel ifadenin ilk ve son halini karsilastirdiginizda nasil bir iliski
goriiyorsunuz?

Ogrencilerin varmasi beklenen ifadeler, benzer terimlerin katsayilarinin
toplanmis olmasi, cebirsel ifadenin en sade haline gelmesi, son ifadenin ilk ifadeye
es oldugudur.

Ornek Durum:
2(5k+3t)

10k+6t

Kursun kalemler: k
Tiikenmez kalemler: t

Yukaridaki iki durumu model olarak gdsteriniz. Modellerin cebirsel olarak
nasil ifade edilebilecegi ogrencilere sorulur. Iki model icin olusturulan cebirsel
ifadelerin birbirine esit oldugu modele bakilarak fark ettirilir.

Burada cebirsel ifadeler karsilastirilirken ¢arpma isleminin toplama islemi
tizerine dagilma 6zelligi vurgulanir.

Cebirsel ifadelerin ¢arpimi icin dgrenciler, asagidakileri ifadeleri classpad e girer ve
hesaplatirlar.

o (x1).(x+2)

e (x-3).(2x-10)

o (2x+5).(x+4)

o (2x+5).(x+5)

e (2x+5).(x+3)

o (2x+5).(x+2)

o (2x+5).(x+1)
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o (2x+5).x

o (a-1)*+2a*+6

e X.(xt+b)
o 2X.(X+5)
o 3X.(X+5)
o X.(X+7)
o X.(x+8)
o X.(xt+9)

Yukaridaki cebirsel ifadelerin acilimlari, iisli ifade ve dagilma ozelligi
kullanilarak yapilir. Classpad’de yapilan islemlerde, bu o6zelliklerin kullanildigi,

cebirsel ifadenin ilk hali ile son sadelesmis hali karsilastirilarak fark ettirilir.
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Ders Plam1 VI
Sinif Seviyesi: 7. ve 8. Simif
Ogrenme Alam: Cebir

Alt Ogrenme Alani: Denklemler (7. sinif)
Cebirsel Ifadeler (8. sinif)

Kazanimlar:

Birinci dereceden bir bilinmeyenli denklemi ¢6zer.
Denklemi problem ¢6zmede kullanir.

Ozdeslik ile denklem arasindaki farki agiklar.
Ozdeslikleri modellerle agiklar.

Cebirsel ifadeleri ¢arpanlarina ayirir

© a k~ w e

Rasyonel cebirsel ifadeler ile islem yapar ve ifadeleri sadelestirir.

Ogretme Ogrenme Siireci
Derse giris:

Denklem ve cebirsel ifade i¢in bir durum olusturun sézel olarak ifade edin.
Olusturdugunuz durumu grup arkadasiniza sozel olarak anlatin, arkadasiniz bu
durumu classpad e yazsin.

e 259 tane seker 4 kutuya esit sayida doldurulmus, 23 seker ise disarida
kalmistir. Bu duruma uygun olan modeli ¢iziniz ve bu modelden yola ¢ikarak
denklemi kurunuz.

Denklem ¢o6ziimlerinde esitligin  korunumuna dikkat cekilir. Esitligin
bozulmamasi i¢in her iki tarafa da ayn1 islemin yapilmasi gerektigi vurgulanir.

Denklemde +23 sekeri yok etmek i¢in tersi olan -23 ile toplama yapildigi, 4
kat1 yok etmek i¢in tersi olan % i ile carpma yapildig: belirtilir.

o C(iftci Ali, fasulye tarlasinin g¢evresini ¢itlerle ¢evirmek istemektedir. Ne

kadar ¢it kullanacagini belirlemek i¢in tarlanin ¢evresini adimlari ile olger.
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Tarlanin enini 32 adim, boyunu ise 42 adim olarak Ol¢miistiir. Tarlanin
cevresini cebirsel olarak ifade ediniz. Ali’nin adimi 50 cm ise tarlasini
¢evirmek i¢in ka¢ cm uzunlugunda ¢it kullanmalidir?

Bir kantar 42 kasa elma ile 32 kg seftali tartildiginda A kg gostermektedir. 23
kasa elma ile 120 kg seftaliyi tartiginda da A kg gosterdigine gore, 1 kasa
elma kac kg dir?

Rasyonel katsayili islemler i¢in 6rnek sorular:

Oykii, dogum giinii partisi icin aldig1 X tane 1.5 litrelik meyve suyu partideki
arkadaslarina yetmeyince, 2 tane daha 2,5 litrelik meyve suyu ilave olarak
almistir. Toplam 12,5 litre meyve suyu alindigna gére, Oykii kac tane 1,5
litrelik meyve suyu almigtir?

Asagidaki esitliklerde bilinmeyeni bulunuz.

6x/5 -5=x+20

a-7/ 8=42

AxP-5x+17=2(7+2x%)

1/6 x+12=4+2/3 x
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Ders Plam VII
Sinif Seviyesi: 7. ve 8. Simif
Ogrenme Alam: Cebir

Alt Ogrenme Alam: Denklemler (7. ve 8. sinif)

Kazanimlar:

2. 1Iki degisken arasindaki dogrusal iliskiyi tablo ve grafik kullanarak inceler, bir
degiskenin digerine bagli olarak nasil degistigini aciklar.

Iki boyutlu kartezyen koordinat sistemini agiklar ve kullanir.

Dogrusal denklemlerin grafigini ¢izer.

Dogrunun egimini modelleri ile agiklar.

Dogrunun egimi ile denklemi arasindaki iliskiyi belirler.

Bir bilinmeyenli rasyonel denklemleri ¢ozer.

Dogrusal denklem sistemlerini cebirsel yontemlerle ¢ozer.

© © N o O bk~ o

Dogrusal denklem sistemlerini grafik kullanarak ¢6zer.

Ogretme Ogrenme Siireci
Isindirma:

e Cografya’da enlem ve boylam ne i¢in kullanilir?

e Bir futbol sahasi sekli 6grencilere gosterilir. Futbolcularin, futbol oynama
yeteneklerine gore sahada yerlerinin belirlenmesinin kriterleri, futbolcularin
nerelerde yer aldig1 seklinde sorular sorulur. Forvet, savunma ve orta saha
gibi bolgeler 6rnek futbol sahasi lizerinde gosterilir.

e Bir gprs / yol belirleme cihazi 6rnegi gosterilir. Arabanin bir semtte nerede
oldugunu eckranda nasil belirtilir? Gprs cihazint kendimiz olustursak,
Kizilay’dan baskente gelisi nasil anlatirniz? seklinde sorular yoneltilir.

Baslangic noktasindan (Kizilay) yola ¢ikildiginda yon belirterek bitise
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(Bagkent) varmalar1 beklenir. Yer tarifi icin ne tiir bilgilere ihtiyag
duyulacagi, bunun kagit tizerine nasil ¢izilebilecegi sorulur.
e Haritalarin nasil olusturuldugu sorulur. Bir yer belirleme sistemine ihtiyag

hissettirilir.

Derse Giris:

Ogrenciler Classpad’teki geometri meniisiinii kullanir. Her 6grenci okul, ev
ve market uzaklig1 belirtme amagh bir iicgen ¢izer. Uggenin koselerini “O” (okul),
“E” (ev) ve “M” (market) seklinde adlandirir. Bu adimdan sonra, arka planda noktali
kagit goriiniimii olusturma fonksiyonunu kullanmalar1 istenir. Ev, okul ve market
arasindaki yollarla iligkilendirdikleri bir hikaye kurmalar1 istenir. Baglangi¢ noktasi,
yon, uzaklik, yondeki degisim ve nokta gibi ifadeler kullanmalar1 beklenir. Bu
ifadelere gerek duyuldugu vurgulanir.

Ogrenciler ikili gruplar halinde calisirlar. Birbirlerine c¢izdikleri {icgeni
anlatirlar. Amag¢ digerinin bu anlatimdan yola c¢ikarak kendi noktali ekranina
arkadasinin ekranindaki ticgeni ayni 6zelliklerle ¢izebilmesidir. Bu ¢izim yapilirken,
geometri menisiindeki uzaklik 6l¢gme ara¢ ¢ubugu kullanilarak 3 yer aras1 uzakliklar
belirtilir. Ogrencinin, ekranda hangi yénde kagmci noktalarin kullanildigini
belirtmeye ihtiya¢c duymasi beklenmektedir.

Calisma tamamlandiginda, yeri yon ve uzakliklarin belirlemelerinin ¢ok
zaman aldig1 vurgulanir. Buna ragmen farkli ¢ikan sekiller olabilecegi sdylenir. Bu
zorluklardan dolay1r koordinat sisteminin kullanildigi sdylenir ve arka planda
kartezyen sistem olusturma fonksiyonunu kullanmalar1 istenir.

Dersin devam eden kisminda classpad in ana meniisii kullanilacaktir.
Ogrenciler ikili gruplar halinde asagidaki problem iizerinde calisirlar. Classpad e-

aktivite mentsinu kullanirlar.
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lkg regel yapabilmek i¢in 3kg cilek kullanilir.

Recel (kg) Cilek (kg) Iliski
1 3
2 6
=3
3 9 9
n

Yukaridaki tabloyu doldurun.

Recel ile ¢ilek miktarlar1 arasinda nasil bir iliski var?

Cizgi grafigi ¢iziniz, tablodaki degerleri kullanarak ve grafigin eksenlerini
tablodaki ilgili bagliga gore isimlendiriniz.

Asagidaki sorular smifa yonlendirilerek, 6grencilere dogrusal grafik kavrami

fark ettirilir.

Sekil hangi geometrik sekle benziyor?

Baslangi¢ ve bitis noktas1 nerede?

Ikili gruplar halinde calisma yapilarak asagidaki sorular {izerinde tartigilir.
30 kg cilek ile kag kg regel yapilabilir?

10 kg recel yapmak i¢in kag kg cilek gerekir?

Grup icindeki kisilerin birbirlerini benzer sorular yoneltmeleri istenir. Sinif

i¢i tartigmalarla, sonuca ulagsmak i¢in grafikten, denklemden veya deger tablosundan

yararlanilabilecegi belirtilir.

Dogrusal iliski, iki degiskenden olusan ax+by+c=0 seklindeki cebirsel ifade

ile gosterilebilir. Dogrusal denklemlerin bir sabit say1 ile katsayili iki degiskenden

olusan terimler igerdigi ve ax+by+c=0 bi¢iminde oldugu, a ile b katsayilarinin ayn1

anda “0” olamayacagi vurgulanir.

Bir mum her 30 dakikada 2,5 cm erimektedir.

Buna gore;

Mumun uzunlugu ile gecen siire arasindaki iligkiyi bir tabloda gosteriniz.
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e Mumun uzunlugu 25 cm ise kag¢ dakika sonra biter? (0grencilerin denklem
olusturmalar1 beklenir.)

e Bu iliski dogrusal mudir? Agiklaymiz. (Ogrencilerden denklemin grafigini
cizmeleri beklenir.)

Grafik hesap makinesi kullaniminda denklem, grafik ve degerlik tablolar
coklu temsilinden yararlanilarak etkili bir bigimde kullanilir.
Asagidaki ifadeleri cebirsel ifade seklinde Classpad e yaziniz.

e Birsaymin 7 ye boliimiiniin karesi

e Birsayiile 6 nin 12 ye bdliimiiniin toplami

e Bir saymnin 3 katinin 2 fazlasi

e Bir saymnin 5 eksiginin 4 kat1

e Bir saymin karesinin 8 kati

e (iines, Tiirkiye’nin en dogu ucunda en bat1 ucundan 77 dakika erken dogar.
(dogu: d, bati: b)

Asagidaki ifadeleri denklem seklinde yaziniz.

e Bir saymnin 9 katinin 5 eksigi 42 dir

e Kendisinin 3 fazlasi 7 olan say1 d dir

e Duygu markete cebinde 50 lira ile gidiyor. 3 paket sakiz ve gofret aliyor.
Goftretler i¢in 23 lira 6dedigine gore, bir paket sakizin fiyati ne kadardir?

e Arif, arkadaslariyla bowling oynamaya gider. Ayakkab1 kiralama 3 lira, her
oyun i¢in 0denecek iicret ise 6 liradir. Toplam 21 lira 6deyen Arif, kag tur
oyun oynamistir?

e Otel sahibi olan Berke bey, otel binasi disinda kalan alan1 havuz yapmaya
ayirmistir. Bu alanin c¢evresi 86 metredir. Havuzun eni 16 metre olduguna
gore boyu ka¢ metredir? Havuzun eni 11 metre olsaydi boyu tam say1 olarak
kag¢ metre olabilirdi?

e Olimpiyatlara katilacak olan Tiirk atlet Ozlem, her giin kosuya ¢ikmaktadir.

Ik giin 10 km, 2. giin sonunda 14 km, 3 . giin sonunda ise 18 km kosmustur.
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Bu periyodda kosu yapmaya devam ederse, 21 giin sonunda ka¢ km kosmus
olur?

e Fiyatlar1 ayn1 olan gomleklerden 5 adet alan Mehmet bey, gdmlekler i¢in 520
lira ddeyip t lira para iizeri almistir. Bir gomlek i¢in ddenen paray1 gosteren
cebirsel ifadeyi yaziniz. Para tizeri 100 lira ise 1 gomlek i¢in 6denen fiyat
nedir?

e Amerika’nin 52 eyaleti 4 zaman dilimini kullanmaktadir. Bu, diinyanin
zaman dilimlerinin 1/6 sina karsilik gelmektedir. (t: diinyadaki zaman
dilimleri)

e Bir aslanin ortalama yasam siiresi, ortalama yasam siiresi 7 yil olan zebranin
2 katinin bir y1l eksigidir. ( t: aslanin ortalama yasam siiresi)

e Pasifik ve Atlantik okyanuslari, diinyanin en biiyiik iki okyanusudur. Atlantik
ortalama olarak 86 560 000 km karelik bir alana sahiptir. Pasifik ise Atlantik
in 1.9 kat biiytlikliigiinde bir alandadir. (y: Pasifik okyanusun alani)

e Giilimserken 17 kasimizi kullantyoruz, bu da kaslarimizi c¢atarken
kullandigimiz kaslarimizin iki katinin 9 fazlasina esit olmaktadir. (X:
kaslarimizi ¢atarken kullandigimiz kaslarimizin sayist)

e Biiyiik bir Anaokulu sahibi olan Tugce hanimin 18 tane 5 yasinda ve 32 tane
6 yasinda 6grencisi vardir. Tugce hanimin 5 yasinda olan bir ka¢ 6grencisi
ailesi ile birlikte yurtdigina gitti. Giden 6grencilerin iki kat1 kadar 5 yasinda
ogrenci geldi. Son durumda anaokulundaki 5 ve 6 yasindaki 6grenci sayisi
esit olmustur. Problemin sorusunu yaziniz, denklemini kurunuz ve ¢6ziiniiz.

e 6y + 3 =33 denklemine uygun bir problem kurunuz ve ¢oziiniiz.

e Bankaci Burak Bey’in 159.000 liras1 vardir. Her ay 2000 lira prim aldigina
gore x ay sonra kag liras1 olur? 207.000 lira olmasi i¢in ka¢ ay prim almasi
gerekir?

Ol¢me Degerlendirme:
Ogrencilere yukaridaki sorularin grafiklerinin ¢izimini yapmalar1 ve benzer

ornekler yazarak e-aktivite hazirlama gorevi verilir.
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APPENDIX B

CASIO CLASSPAD 330 TUTORIAL

162



CASIO ClassPad 300

f , ?
[ vEny (e
NG A

Educational

©0000©
A7 A8 do
D4 A5 A6 M-
OV O
@QUOD

163



Main Toolbar
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1. Introduction to graphing and analysis with the graph and table
application
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cASID ClassPad 200
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The button at the end corner is for tracing the graph which lets you follow the graph
with a pointer and gives you the coordinates of points on the graph. To trace a graph,
press the trace button. Then, use the arrow pad, or arrows in the window. Left/right
let you trace the graph, up/down switches between graphs.
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Calculating maximums, minimums, intercepts

Creating a Table of a Function. Allows you to create a table of values for a function
or graph. Lets you quickly view results without having to trace. In the graph window,
or graph editor, tap the table button. A table will come up with a list of x and y
values for the current functions you have in your list (or on your graph.)
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CASID ClassPad 300
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W Edit T-Fact Graph #

Will create a table of values for y = x and y = x2 for x = 1,2,3,4,5. To close the table
window, go to the ¥ menu in the upper left and tap close.

The fifth button is for the functions related with modifying a table. The default table
isx =1,2,3,4 and 5. You can change this by selecting the table input button. A screen
will come up which asks for start, end, and step (increment) values. For example: To
create a table with x =1, 1.5, 2 enter Start =1, End =2, Step = .5

Table Input ]

Start -
End :|S
Step :|1

[ <k ] |[Cancel]
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First botton or use the keyboard select zoom menu to zoom.

Second buton is for panning.

ClassPad will easily calculate a function’s maximum, minimum, or roots (X-
intercepts). Each calculation has a button on the toolbar, 4™, 5" and 6" buttons,
respectively.
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Analysis Menu

This section has been a brief introduction to graph and function analysis. More
advanced operations can be accessed through the analysis menu.

ClassPad has other applications that allow you to create different kinds of graphs;
conics, 3D graphs, and statistics.

This section is an introduction to the ClassPad’s geometry system

Geometry Application

Create and analyze geometrical figures from the geometry application
Access it by selecting Geometry from the Main menu
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The Geometry Toolbar

Create a new Undo/redo, Zoom, Pan, Can uge thie

project, open'save  Cut/copy aud paste.  Tum on'olff axes. menu instead of using

an existing project  Delete, Select Al grid, animaticn ~ buttons on the toolbar
and Clear all toolbar

Use this button to

Go to the measurement
box. It allows youto
TNEASITE AT ielers ol
gecmetrical figures

4
Change settings,
bring up the keyboard,

“close tl slicati =
of close fhe application 7 File Edit View Draw

Nenn contains tools
[ or selecting objects,
Zooming and pannig Toggle the axes

On and off

Menu contains tools  Menu contains tools
for drawmg, for drawing
geometrical fignres gpecial shapes

Contains tools for creating
geometrical constiuctions
and transformations
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CcASID ClassPad 200
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You can drawing other figures, such as points, lines, circles, arcs, ellipses, and
polygons. You can move and modify your figures by selecting and dragging.

Measurements

Instantly make a measurement of your choosing on a figure

Tap the arrow at the far right of the toolbar to go to the measurement box. Select the
figure or figures you would like to measure.

W File Edit Vie
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The two scenes captured from the geometry menu present the measure of the
distance between two points, and the area of a circle, respectively. The measurement
options change depending on what is selected.

173



Constraint Geometry
You can “lock” some parameters so they will not change even if you move the
object. Select the measurement you want to lock from the measurement menu.

W File Edit View Draw l
Hua.z V4l

A scene from constructing an equilateral triangle using only constraints is shown on
the Classpad window below.
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First, you lock the length of two sides to be 1 unit, and an angle to be 60 degrees as
shown in the figure. Then, you check that the length of the third side is the same as
the other two.

Construction / Transformation

You can create geometrical constructions, and perform transformations from the
construction/transformation menu. Firstly, select the figure(s) you want to operate
on. Then, select the operation from the menu. Moreover, transformations require
some additional input. You can follow directions at the bottom of the screen.

Construction / Transformation Menu Explanation

Bisect a line segment or two points Create a perpendicular line through
a selected point
Create a midpoint of -~ ) ) R )
a segment or two points \ h ‘/ Construct an intersection of two objects
Bisect an angle . % == .~ Construct a parallel line through
) - a selected point
Create a tangent to a curve | . L
e 9 " Reflect objects in a line or segment
] A% [lD]
Translate selected objects =d|loo

‘\ Rotate objects about a point

Dilate selected objects
with respect to a dilation center Transform objects with a matrix

As an example, you can construct a midpoint of a segment, bisect an angle and rotate
a vector 90 degrees, which is presented in the figure below.

175



R e —— |
CASID ClassPad 300

—
i

W File Edit Miews Draw I

CASID ClassPad 200

o File Edit “iews Draww
£ :

E-Activity menu
ClassPad’s eActivity application is a versatile application that allows the user to
apply the ClassPad skills.
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The eActivity Application
Integrates text, calculations, geometry and all other applications. Allows save/load of
files. Access it by choosing the eActivity icon from the main menu.
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Saving and Opening
You can save your current eActivity, or open another one. Either use the file menu,
or the open/save button on the toolbar.

CASID ClassPad 300
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Text and Math Input

Inside the eActivity application, there are two types of input: Text (EXE will not
evaluate), and Math (EXE will evaluate). Choose the format for the current line from
the input menu. You can change a line’s input format at any time.

A
1
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Text lines are good for comments and explanations. Math lines are good for
calculations and demonstrations.

Application Strips

You can run most other applications from within eActivity by inserting application
strips. Use the insert menu, or the application strip menu on the toolbar:
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Main = =—s FERAGH «— Geometry
2-D graph =—|##|t3: «— 2-D graph editor
3-D graph =——[2%4|35 «— 3-D graph editor
Conics Graph = |[2HE[fsv) «—  Conics Editor
Stat. Graph ——» |:] = List Editor
Numeric Solver — [Solvelgh: «— Sequence Editor
Notes — =——|=]

Opening and Closing Strips
Main Application Strip

This application is open

Tap to open
(strip not currently open)

Geometry Strip

To open an application, tap the icon at the far right of the strip; a window of that
application will open. To close the application, move the cursor to the open window

and select close from the ¥ menu in the upper right.
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Above is an example where two application strips are inserted. You can open or
close each one by clicking on the icons at the right end of the application lines, such
as, in the figure, the top line has the icon of main menu and the second line has the
icon of geometry menu. Only one strip can be open at once. In the figure, geometry
strip is open.

Working with application strips

You can cut/copy and paste data between eActivity and the other applications. You
can also drag and drop objects from eActivity to the application window, or the other
way around. Useful for getting a visual representation of a math expression, or
finding the precise math equation for a graphical object.

This example will write the equation of a function, then drag and drop it into a graph
application.
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While dragging the equation to the coordinate axis window.
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After dragging the equation to the coordinate axis window.

You can also work the other way around, by dragging graphs into eActivity to view
the equations.
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Geometry links

eActivity is very useful for analyzing geometry. Geometry links will automatically
update when a change is made to the geometry window. To insert, tap Geometry Link
from the insert menu. Drag and drop an object from a geometry window onto the link

¥ File Edit Insert Action

B € Ao D)

3D

Empty Geometry Link

As an example, when creating a geometry link to a line; if you change the contents of
the link, the line will update itself. If you change the line, the link will update itself.

You can find further activities on Classpad.org; such as two ways to calculate roots

of a parabola, two ways to find the inverse of a line, two ways to find the intersection
of a line and a semi-circle, etc.
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APPENDIX C

QUESTIONNAIRE

Ders: Matematik
Sinif: 6,7,8
Ogrenme Alani: Cebir
Arag: Classpad
Hafta Simif Diizeyi Meniiler Diisiinceleriniz
1. Hafta Egitim Ana Menii
Geometri
Grafik ve Tablolar
2. Hafta 6. smif Ana Meniu
Grafik ve Tablolar
Geometri
3. Hafta 6. smif Ana Menii
7. simif Grafik ve Tablolar
4. Hafta 7. smif E-aktivite
Geometri
5. Hafta 7. stmf E-aktivite
8. siif Geometri
Spreadsheet

1. Sizce Classpad programinin kullanilmasi cebir konusunu 6grenmenizde size

ne gibi katkilar sagladi?

2. Cebir konusunu 6grenmenizde Classpad programini kullanirken ne gibi

zorluklarla karsilastiniz?

3. Sizce Classpad programinin cebir konusunu 6grenirken kullanilmasinin

avantajlari nelerdir?

4. Sizce Classpad programinin cebir konusunu o&grenirken kullanilmasinin

dezavantajlar1 nelerdir?

5. Classpad grafik hesap makinesi ilgili bagka neler soylemek istersiniz?
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APPENDIX D

INTERVIEW QUESTIONS

1) Classpad’i kullanim sekli, islem kolayligi ve ¢oklu gosterim agisindan
degerlendirecek olursaniz olumlu ve olumsuz yanlari sizce nelerdir?

Cebir konusunu ogrenirken Classpad kullanimmin size kolaylik
sagladig1 kisimlar oldu mu?

Hangi konular?

Cebir ¢aligmasinda Classpad’in hangi meniilerinden yararlandiniz? En
cok hangileri isinize yaradi?

Classpad kalem kagidin sagladiklarindan farkli olarak ne gibi avantajlar
saglad1?Cebir konusunun ogretiminde, smifta yapilan caligmalardan
ornek verebilir misiniz?

2) Sizce Classpad’in Cebir 6grenimi konusunda kullanilmasi uygun mudur?

Konunun hangi kisminda uygun? Hangi kisminda uygun degil?

Cebir konusunu Ogrenirken Classpad kullaniminin smirliliklart var
miyd1?

Hangi konuda? Hangi 6rnek tizerinde ¢alisirken?

Nasil asilabilir?

Classpad’in rolii ne olmalidir?

Classpad kullanimi ile cebir 6grenimi siirec sonunda, cebirle ilgili
diisiincelerinizde bir degisiklik oldu mu?

Classpad kullanimi cebir Ogreniminizi ne yonde etkiledi? Ornek
verebilir misiniz?

Nasil 6grendiginizi etkiledi mi? Ne yénde? Ornek verebilir misiniz?
Etkili kullanimui i¢in Onerileriniz nelerdir?

Classpad kullanmak Cebir e kars1 diisiincelerinizi nasil etkiledi?

Ne 6grendiginizi, nasil 6grendiginizi nasil etkiledi?

Classpad, 6. 7. ve 8. smif cebir 6grenme alani1 konularinda kullanildi.
Bu smif diizeylerinde ve ilgili konuda classpad kullanilmasiyla ilgili ne
diisiiniiyorsunuz?

Sizce kaginct smifta ve hangi konularda 6grenci bunu kullanmaya
baslamal1?

Tiirk egitim sistemine nasil entegre edilebilir?

3) Classpad kullanimi motivasyonunuzu ne yonde etkiledi?
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4) Sizce Classpad hangi matematik konularinda kullanilabilir?

Konularin hangi kisimlarinda, ders isleyisinin hangi basamaklarinda
(ders plam1 basamaklarinda; giris, etkinlik, Ornekler, Ol¢gme
degerlendirme) daha etkili olur?

Siz O6gretmen olarak grafik hesap makinesi kullanmay1 tercih eder
misiniz? Neden?

Bir 6gretmen aday1 olarak Classpad’in Cebir konusunda smif i¢inde
kullanimi ve kullanim sekliyle ilgili ne diisliniiyorsunuz?

5) Daha gelismis bir grafik hesap makinesi tiretilmesi i¢in Onerileriniz var mi?

Classpad’de olan ve olumlu buldugunuz 6zellikler nelerdir?
Classpad’de olan ve olumsuz buldugunuz 6zellikler nelerdir?
Classpad’de olmayan 6nereceginiz 6zellikler nelerdir?
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