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ABSTRACT

The main objective of this study is to explore the effect of one taught course,
a Logo module, on Kuwaiti elementary mathematics student-teachers’ beliefs about
Information and Communication Technology (ICT) and Logo. The Logo module
incorporated ICT, in particular the Logo programming language, as a cognitive tool,

that supports the constructivist perspective for mathematics instruction

The Logo module comprised of 24-sessions (deducted from the hours of the
Methods of Teaching Mathematics course) and was non-compulsory and non-credit
bearing. It was developed and taught by the researcher during the Fall semester 2007
at the College of Basic Education in the State of Kuwait. The researcher was not
employed by the College of Basic Education: his only relationship with the College

was to conduct his research there.

The intention of the module was to give student- teachers the opportunity to
experiment with a powerful innovation in a practical mathematics instruction
context, both as students and as teachers, thus, enable them to reflect on and re-
evaluate their beliefs about the nature of mathematics, the teaching and learning of
mathematics, and using Logo as an ICT tool. The study explores how participation
in the Logo module course may have influenced these beliefs and promoted more
positive beliefs toward using ICT and in particular Logo programming language in
their future mathematics classroom, and its potential to reform education and
enhance students’ learning. The fact that Logo is not used yet in Kuwaiti schools for

mathematics education is one of the drivers of this study.

A mixed methodology was used, to explore mathematics student-teachers’

beliefs. Two instruments for collecting quantitative and qualitative data were used to
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explore student-teachers’ beliefs prior to and following their participation in the
Logo module:
1. A beliefs questionnaire, administered to thirty-two (32) mathematics
student-teachers as a pre- and post-test;
2. A Semi-structured interview, administered to six (6) student-teachers
as a pre- and post-test.
Specifically, data collected by these instruments, in this study, attempted to

investigate and answer the following two key questions:

1. What are Kuwaiti mathematics student-teachers’ beliefs about

mathematics teaching and learning and the impact of ICT?

2. What is the effect of using Logo in a mathematics education course
on Kuwaiti mathematics student-teachers’ beliefs about Logo and the

teaching of mathematics?

Analysis of the results showed a strong change in beliefs in support of the use
ICT in general and in particular the use of Logo in their future mathematics

instruction, as well as toward using constructivist teaching pedagogies.
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CHAPTER 1
INTRODUCTION

This research is based on data collected from 32 mathematics student-teachers prior
to and following their practise in a Methods of Teaching Mathematics course that
incorporated a non-compulsory non-credit-bearing Logo module, of 24 hour
sessions, during the fall semester from September 2007 to January 2008 at the

College of Basic Education in the State of Kuwait.

1.1 Original Contribution to Knowledge
This research will contribute to the field of mathematics education and the
use of Logo programming language as an Information and Communication
Technology (ICT) cognitive tool in mathematics education by:
¢ (larifying Kuwaiti mathematics student-teachers’ beliefs, accepting the
sample was all female, about using Logo as an ICT cognitive tool for
mathematics education since as of yet no study has been done on this
topic in Kuwait.
e (larifying Kuwaiti mathematics student-teachers’ beliefs about the nature
of mathematics, teaching mathematics, learning mathematics, the use of
Logo for the teaching and learning of mathematics, and the use of ICT in
mathematics education.
¢ Shedding light on Kuwaiti student-teachers’ beliefs about integrating
Logo in their future classrooms.
¢ Helping to build a more complete theory on mathematics student-
teachers’ beliefs about of the nature of mathematics, the teaching and
learning of mathematics, and the use of Logo and ICT.
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¢ Providing background and underlying data to assist the College of Basic
Education to develop a strategy for student-teachers to use ICT and its
cognitive tools such as Logo to help improve the teaching and learning of
mathematics (especially in the schools of Kuwait).

¢ Providing background and underlying data to help the Ministry of
Education to develop a scheme to incorporate ICT in general and Logo
programming language in particular in the mathematics curriculum.

¢ Providing background and underlying data for further research on
mathematics student-teachers’ beliefs and mathematics teaching methods
with the use of ICT.

¢ Providing background for further research to explore if using Logo in the

mathematics classroom helps pupils learn more effectively in Kuwait.

1.2  Wider Context and Background Issues

Like many modern countries, the State of Kuwait views education as a
keystone for the development and progress of individuals and society. Since the
beginning of the 20" century, Kuwait has accorded a great deal of attention to
education; a centralized body called the Ministry of Education (MOE) sets the
educational standards for the country and oversees the system of public and private
education throughout Kuwait. However, in spite of the fact that mathematics is
considered an important part of the school curriculum in Kuwait, both national and
international benchmarks show that Kuwaiti learners, (grade 4, 5, 8 and 10 to 12),
lag far behind in mathematics. Kuwaiti students are ranked at or near the bottom of
mathematics achievement scales. The international comparisons of the achievement

surveyed by the Trends in International Mathematics and Science Study () and the



International Mathematics Olympiad (IMO) revealed an astonishing result about
students’ attainment; Kuwaiti student levels are placed at the end of the overall rank
order of the countries in the survey (TIMSS, 1995, 2007; IMO, 1982-2010). A recent
national study (Eid and Koushki, 2005) has also confirmed that students, (grade 12),

have comparatively poor grades in mathematics.

As part of its education strategy, between 1986-87, the MOE developed an
ICT education program in secondary schools with the aim of providing awareness of
computer technologies. By the mid-1990s, the addition of Information Technology
(IT) courses to the intermediate school curriculum was initiated, and in the 2004-
2005 academic year, the curriculum was extended to include primary schools as
well. The intent of such IT programs was to introduce students to I'T functions such
as email, the Internet, and basic computer usage.

However, Kuwait’s ICT standard was neither initially intended, nor later
expanded, to specify the use of ICT to augment or enhance subject curricula such as
mathematics. In the last two decades, many revisions to mathematics education
strategies have been made in other countries as a result of research and findings
about the benefits of incorporating ICT in the classroom; nevertheless, Kuwait has
continued to keep ICT, including programs such as Logo, and the subject disciplines
as separate and unrelated entities. Benefits of integrating technology into the
classroom, have been documented by several researchers such as Murchie (1986);
Hoyles and Sutherland (1989); Clements and Sarama (1997); Ying-Shao, Yeong-
Jing and Guey-Fa, 2003; Glazer (2004); Lindroth (2006); Lin (2008a and b).

Kuwait’s teaching methodology remains based in the traditionalist teaching
model, employing a rote-method teaching style (Alajmi and Reys, 2007). However,

many mathematics educators in other countries have migrated to constructivist



teaching strategies based on research findings that espouse the benefits, to teachers
and students, of this teaching strategy (Acredolo, 1997; Bickhard, 1997; Berger,
2005; Steele, 1999; Marsigit, 2009).

Researchers such as Hersh (1986),Wilcox et al. (1990), Thompson (1992),
Ernest (1996), Norton, McRobbie and Cooper (2000), Peter (2005), Speer (2005)
Golafshani and Ross (2006), and Levin and Wadmany (2006), have provided
significant evidence to show that teachers’ and student-teachers’ beliefs about the
nature of mathematics, and the teaching and learning of mathematics, are deep-
rooted ideas formed as a result of their previous experience as learners or
professionals, and that these influence the teachers’ classroom practise and their
integration of ICT into subjects. Hersh (1986) has emphasized that individual
teachers’ conceptions about the nature of mathematics would influence how they
teach: “one’s conceptions of what mathematics is affects one’s conceptions of how it
should be presented” (p.13).

This study grew from the wish to investigate whether the use of the Logo
module in a hands-on constructivist teaching environment would provide an
opportunity previously not experienced by the student-teachers whereby they could
have both a teaching and learning experience that might lead them to re-evaluate
their existing beliefs as future mathematics educators.

In order to investigate the issues of ICT and the use of programmes such as
Logo in mathematics teaching, and the nature of beliefs about both mathematics and
the teaching and learning of mathematics, the study attempted to answer the

following two key questions:

1- What are Kuwaiti mathematics student-teachers’ beliefs about

mathematics teaching and learning and the impact of ICT?



2- What is the effect of using Logo in a mathematics education course on
Kuwaiti mathematics student-teachers’ beliefs about Logo and the teaching

of mathematics?

To accomplish this, the study investigated the following hypothesis:

It will be shown that some Mathematics student-teachers in Kuwait change
their guiding educational belief after using the Logo programming language
in the Methods of Teaching Mathematics course. The student-teachers will
gravitate away from the traditionalist approach towards the constructivist
approach, with potentially far-reaching implications for student-teacher

training courses in mathematics and teaching of mathematics in schools.

1.3  Personal Context and Motivation for this Research

During the pursuit of my Master’s degree in the United States in the late
1990s, I was exposed to a body of literature in support of constructivist principles
and the use of ICT as part of an integrated learning strategy for mathematics
education, which was vastly different from the method of teaching mathematics in
Kuwait. In my experience in Kuwait as a mathematics teacher, prior to my graduate
research, I had made some effort to change the existing traditional-based teaching
model for mathematics, but at that time I was not well enough versed in the
pedagogical tools that could be applied in a different teaching model. I believed that
teachers and student-teachers constructed their beliefs about mathematics and its
teaching and learning based on their own experience as students. The development of
my own initial beliefs about mathematics had been formed based on the way I
viewed and interacted with my mathematics teachers and the way I experienced the

mathematical skills they taught me. Initially, my own education method was also



influenced by my previous teachers’ methods and included a personal construction
of methods which I believed to be ideal in my classrooms. Following receipt of my
Masters degree in Computer Information Systems at the Florida Institute of
Technology in 1999, I was keen to set about examining whether a different teaching
model, such as constructivist teaching when coupled with ICT and Logo would
affect long-held traditional teaching and learning beliefs in Kuwaiti mathematics
education.

As a result, the focus of my research was to develop and present mathematics
education instruction that incorporated ICT, in particular Logo, as a cognitive tool
for constructivist learning to a group of mathematics student-teachers enrolled in a
course entitled Methods of Teaching Mathematics at Kuwait’s College of Basic
Education. Through participation in this course, which I taught, these mathematics
education students had the opportunity to use Logo, both as students and through

peer-to-peer teaching, following principles of constructivism.

1.4  Organization of this Dissertation

This dissertation is organised into chapters. Chapter 1 includes the
background issues, context for this research, and organization of the study.

Chapter 2 contains a brief history of the State of Kuwait as well as a
discussion of the development of its system of education, mathematics education and
ICT in Kuwaiti schools, student- teacher education programs in Kuwait, the use of
ICT as a cognitive tool, in particular the Logo programming language in Kuwait’s
teacher education programs, and Kuwaiti mathematics teachers’ and student-

teachers’ beliefs.



Chapter 3 contains a review of the literature related to teachers’ beliefs,
including a definition of beliefs, a description of how beliefs versus knowledge are
measured, and strategies that can be employed to effect change in beliefs. The
chapter also sheds light on teachers’ beliefs about the nature of mathematics and
mathematics education, including how beliefs affect instruction. Teachers’ beliefs
and their relation to ICT are also explored. Critical topics that can affect or impede
change, such as the effect of workshops and training as well as challenges or barriers
that may affect one’s ability to teach with ICT, receive attention. The literature
review examines theories of constructivism, with specific focus on the theories of
Piaget and Vygotsky, the implications of a constructivist philosophy for mathematics
education, and criticisms of constructivist theories. The chapter attempts to consider
the concepts of belief systems, constructivism, and ICT in an integrated way. The
chapter ends with a discussion of Logo, and how it supports the development of
mathematical knowledge and understanding of education.

Chapter 4 addresses the research design, ethics and methodology used in this
study. The research design, rationale for selection of research methods and
participants are described. It also contains a description of the beliefs questionnaire
administered to the study participants, and information about the questionnaire
validity and reliability, translation issues and the pilot study are included. A semi-
structured beliefs interview was also administered as part of this study; discussion
related to this instrument, including validity and reliability, translation issues, and the
pilot study is included. The chapter concludes with procedures used for data

collection and data analysis.



Chapter 5 examines the Logo module course, and includes the rationale for
its selection and a description of the discrete sessions used to administer the Logo
module parts.

Chapter 6 provides an analysis of these data and a discussion of the findings
revealed by the data analysis. Pre-test and post-test findings about traditional and
constructivist views are given, as well as views about Logo and ICT. Provided are
Chronbach’s Alpha and inter-item correlations for the questionnaire reliability,
paired-samples t-test for equality of means, as well as mean, standard deviation and
t-test results. The results of the hypothesis and null hypotheses are also presented.
The chapter concludes with findings related to the interview analysis, including pre-
test and post-interview responses.

Chapter 7 is the final chapter for this study, and contains a summary and
conclusions about the findings uncovered in the pre-test and post-test beliefs
questionnaires and interviews. Lastly, recommendations for Kuwaiti teacher
education programs and the Kuwaiti school system are included, as well as
recommendations for future research, a discussion of the limitations of this study,

and reflections on my experience gained as a result of this work.



CHAPTER 2
EDUCATION SYSTEM IN STATE OF KUWAIT

2.1 Introduction

The aim of this chapter is to shed light on the state of Kuwait and its education
system to provide the readers with background knowledge about the state of Kuwait,
as well as its education system which might be dissimilar to other countries’
education systems. In addition, it explains better what this study about.

This chapter contains the following sections: a brief history of Kuwait, the
development of Kuwait’s system of education, mathematics education in Kuwaiti
schools, ICT in the Kuwaiti Schools, student-teacher education programs in Kuwait,
the use of ICT as a cognitive tool, in particular Logo programming language in
Kuwait’s student-teacher education programs, and Kuwaiti mathematics teachers’

and student-teachers’ beliefs.

2.2 A Brief History of Kuwait

Kuwait, officially the State of Kuwait, as an independent political entity dates
back almost four centuries. Despite its small size, Kuwait maintains a significant
global importance as a major exporter of crude oil and natural gas. The country of
Kuwait, which is only 6,880 square miles, extends from north to south along the
Arabian Gulf for 120 miles, from east to west for 110 miles and has nine offshore
sovereign small islands in the Persian Gulf. It is situated northeast of Saudi Arabia,

south of Iraq and in the northern end of the Persian Gulf.



Figure 1. The State of Kuwait

(Adapted from Kuwait Information Office, 2011)

This small country has an estimated population of 3,566,437 (The Public
Authority for Civil Information (PACI), 2010) of this, 48 percent are younger than
25 years, and there is a very high population growth, rated at 2.4 percent in 2009
(World Bank. 2009). In this Islamic country, Kuwaitis consider Islam as their
religion, philosophy, and lifestyle (Al-Ahmad et al. 1987, cited in Al-Enezi, 2002).
Kuwait was originally inhabited by different Arab tribes. It has been ruled by the Al-
Sabah family since 1756 when Sabah Bin Jaber was elected as the Amir of Kuwait to
administer justice and the affairs of the town; his descendents continue to rule to this
day (Kuwait Information Office, 2007; Al-Diwan Al-Amiri, 2009).

In 1897, Kuwait obtained British protection in response to Sheik Mubarak Al
Kabeer’s fears that the Turkish Empire would expand its hold over Kuwait. On the
19" of July 1961, British protection ended and Kuwait became an independent

country. In that same year, on the following day, which is the 20" of July, Kuwait
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joined the Arab League and in 1963, Kuwait became a member of the United
Nations (Infoplease, 2007; Al-Diwan Al-Amiri, 2009).

Although oil was discovered in 1938, export did not start until 1946.
Following the Second World War, oil became the major source of income. The
resulting massive inflow of oil funds were spent developing the country’s
infrastructure and improving living standards. In 1956, Kuwait City was redesigned
beyond its ancient walls, and a modern infrastructure rose from the arid desert:
roads, cities and suburbs, ports, factories, power generating stations, and desalination

plants that had never previously existed came into being.

2.3 The Development of Kuwait’s Education System

Like many modern countries, Kuwait has viewed education as a keystone for
the development and progress of individuals and society. Kuwait has accorded
education a great deal of attention since the beginning of the 20™ century, prior to the
discovery of oil in Kuwait, to keep its society economically and culturally strong
(AL-Sahel, 2005). In the early 1900s, and until the discovery of oil in 1938, there
were very few informal educational facilities in the country. A small number of
Quranic centres were convened in homes known as Al-Katatib where, for a small
payment, men tutored boys and women tutored girls in reading, writing, and basic
arithmetic (Ministry of Education (MOE), 2007).

In 1911, the first school, called Al-Mubarkiya School, was established for
boys, followed by the establishment of the AlI-Ahmadiya School in 1921. However,
both schools concentrated merely on arithmetic and other subjects such as religion,
reading, writing, and history. Kuwaiti teachers, as well as teachers from Palestine

and Egypt who were hired because of a shortage of Kuwaiti teachers, taught in those
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schools. As a result of the development of the educational system, a need arose for a
central body to supervise the development of a system. In 1936, the Council of
Education was established. Its responsibility was to supervise the development of the
educational system and maintain its standards. In 1938, the education system was
extended to accommodate the first school for girls, called Al-Wosta School, and also
the opening of the first private school; the number of students reported at that time
was 146 girls and 620 boys (MOE, 2007).

As mentioned above, the development of Kuwait can be largely attributed to
the wealth that oil funds have brought to the country since its discovery in 1938. This
wealth has led to changes in almost all aspects of life, and in particular formal
education. More schools were established and the number of students enrolled in
schools grew at an accelerated rate. For example, in the academic year 1945-1946,
the number of schools increased to 12, and the numbers of students enrolled were
3635, among whom were 2815 boys and 820 girls (MOE, 2007). In 1956, the
government adopted a major education plan that divided formal education into four
categories: First, kindergarten with a duration of two academic years; second,
primary with a duration of four academic years; third, intermediate with a duration of
four academic years; and fourth, secondary with a duration of four academic years.
In addition, it called for free education to cover all four stages and compulsory
education to be required for the first eight years of schooling, covering primary and
intermediate education (age 6-14 years) (Kuwait information office, 2007). In 2004,
as a result of educational reform efforts, the duration of school years changed from
4-4-4 to 5-4-3 and the age-range for compulsory education was changed to 6-15

years (MOE, 2004).
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In Kuwait, both public and private schools have same structure. Except for
the kindergarten years, separate schools exist for male and female students; however,
the curriculum and the school years are the same for both.

Kuwait has a strong commitment to education. In fact, 4.8 percent (2005
estimate) of its gross national product is spent on education (Brown, 2007). Citizens
of Kuwait “do not pay taxes, not even to fund public education, because the
government fully subsidizes the budget for Kuwait’s education via the centralized
Ministry of Education” (Al-Enezi, 2002, p. 17).

Oil funds have permitted Kuwait to develop an extensive educational system,
with a total number of 305,080 students in 779 schools (MOE, 2009), categorised as
follows:

¢ 197 Kindergarten schools, accommodating 42305 boy and girl students.
e 286 boys schools for other stages (primary, intermediate and secondary),
accommodating 165592 students.
e 493 girls’ schools for other stages, accommodating 181830 students.
In addition, teachers number 57694, divided as follows:
e 4975 female teachers for Kindergarten.
® 13429 male teachers, for other boys schools stages.
e 39290 female teachers, for other girls schools stages.

It also was recognised that Kuwait has achieved a literacy rate of 98.4
percent for 15-24 year-olds (World Bank, 2007).

Before 1966, the Ministry of Education sent Kuwaiti students abroad to
pursue higher education, as no universities or higher learning institutions existed in
Kuwait. However, in order to meet the ever-increasing demand for higher education

by Kuwaiti students as well as the country’s need for well-trained professionals, the
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Kuwaiti leadership realised that greater efforts had to be made. Therefore, in 1966
Kuwait University was established with the aim of providing academic, professional
and technical development, and supplying the country with scientifically and
practically qualified manpower in different fields. In response to the need to develop
and upgrade Kuwaiti manpower and to meet the challenge of shortage in Kuwaiti
technical’s manpower which was created by expansion of the industrial and
economical development of the country, The Public Authority for Applied Education
and Training (PAAET) was established in 1982. It aimed to fulfill this need through
its four colleges: College of Basic Education, College of Business Studies, College
of Technological Studies and the College of Health Sciences (Kuwait Information

Office, 2007).

24  Mathematics Education in Kuwaiti Schools

As with many other countries, mathematics is held in high esteem in the
Kuwaiti education system. Hussein (1987) wrote concerning the development of the
Mathematics curriculum in Kuwait, and pointed out that until late 1950s Kuwait
completely depended on Egypt to author textbooks for mathematics and other
subjects.

In 1969, a project aided by UNESCO named ““School Mathematics in Arab
Countries” revealed a rapid expansion of education in the Arab states, yet confirmed
that mathematics curricula was traditional and methods of teaching mathematics
were characterized by rote learning rather than creativity; mathematics textbooks
were unsatisfactory, and a shortage of trained mathematics teachers existed. By the
end of 1960s, UNESCO aided another project whose aim was to rewrite textbooks

and develop mathematics in Arab states. As a result, in 1971 two secondary schools
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in Kuwait started teaching modern mathematics using a new curriculum and new
textbooks (UNESCO, 1969). According to Hussein (1987), by 1974 all secondary
schools were teaching modern mathematics in all classes.

The Ministry of Education, which sets the educational goals for Kuwait,
considers mathematics an important discipline to be taught and learned; nevertheless,
the fact remains that the Kuwaiti educational system is confronted with the sad
reality of Kuwaiti learners’ poor performance in mathematics; both national and
international benchmarks show that Kuwaiti learners, (grade 4, 5, 8 and 10 to 12),
lag far behind in mathematics. Kuwaiti students are ranked at or near the bottom of
mathematics achievement scales. The international comparisons of the achievement
surveyed by the Trends in International Mathematics and Science Study (TIMSS)
and the International Mathematics Olympiad (IMO) revealed an astonishing result,
shown below in Table 1, about students’ attainment; Kuwaiti student levels are
placed at the end of the overall rank order of the countries in the survey (TIMSS,
1995, 2007; IMO, 1982-2010).

Table 1. Kuwaiti Students Rank on the 15™ IMO 2010

Team size Awards
Country ALl M | F P1 | P2 | P3| P4 | P5|P6 | Total Rank GIs B AM
People’s
Republic of 6 51141 (42 (23 (42|24 |25 | 197 1 6 (0|0 0
China
Bolivia 4 31115 1 0 2 0 0 8 94 0[0|0
Montenegro 4 |4 0 0171010 7 95 0]0]0 1
Kuwait 5 5 1 1 0 0 0 0 2 96 0[0|0
Democratic
Eee‘;ﬂfhsc o |6 Disqualified
Korea

A recent national study (Eid and Koushki, 2005) has also confirmed that

students, (grade 12), have comparatively poor grades in mathematics. The other fact
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is that Kuwaiti students are still taught mathematics by rote learning and
memorization (Alajmi and Reys, 2007) rather than, for example, creatively through
constructivist learning methods with the use of ICT programs, in particular, Logo.
Alajmi (2009) also stated, “In all schools from elementary through high school,
mathematics teachers in Kuwait follow the national textbook series and the curricular
plan of the Ministry of Education about what, when, and how to teach mathematics.
Therefore, there is little variation in what is taught in their classrooms” (p. 266).
Besides these facts, MOE has confirmed that Kuwaiti students’
underachievement in mathematics can be attributed to traditional methods of
teaching, which are characterized by rote learning and memorization and which do
not incorporate ICT programs (Al-Turkey, 2006a,b), nor ICT tools such as Logo. In
addition, the MOE has noted that educational reform in the above aspect will be its

priority in developing education in Kuwait.

2.5 Information and Communication Technology (ICT) in Kuwaiti Schools
Al-Sadoun and Haj-Issa (1993) commented that the “Kuwaiti Ministry of
Education has realized the potential and importance of computers to education since
1980s” (p. 135). They also noted the development of ICT implementation in
secondary schools. Al-Sadoun and Haj-Issa clarified that in 1986-1987, Kuwait
MOE started its gradual implementation of ICT education programs in secondary
schools with the aim to provide ICT awareness. Presently, all Kuwaiti secondary
schools have ICT education courses. During the 1994-1995 year, as a result of
Kuwait Intermediate School Information Technology Project (KISITP) developed by
MOE, the official addition of IT courses to the intermediate school curriculum was

initiated. The initial implementation was in four intermediate girls’ schools with the
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aim of teaching students about IT (Al-Furaih et al., 1997, cited in Almahboub, 2000).
At present, all students, boys and girls, in the intermediate schools study IT.

Following the implementation of ICT in the secondary and intermediate
schools, the MOE concerned itself with the implementation of ICT in primary
schools. As a result, the Project of Computerizing the Education in the Primary Stage
was the product of MOE’s concern for ICT dissemination in all primary schools
(MOE, 2007b). The project reached its aim in implementing ICT education and
computerizing all primary schools in the 2004-2005 academic years.

According to the Ministry of Education (MOE) (2007a,b,c), the general
objectives for the implementation of ICT in Kuwait schools can be summarized as
follows: students should

1- Acquire awareness of the computer and its components, hardware/software,
and the skills of operating the computer and uses its component.

2- Use ICT tutorials such as drills and practise and simulation games to enhance
and support their learning throughout the various subject areas.

3- Acquire awareness of ICT innovations such as the Internet and the E-mail as
well as master the ability to use them and employ them as a tool for serving
their learning.

4- Employ ICT applications such as MS Word, MS Excel, MS Paint, MS
PowerPoint, and MS Publisher as a tool to support their learning and help
them in their everyday life.

5- Utilize ICT to develop students’ skills of problem-solving and their analytical
thinking through the use of Logo programming language and Excel.

6- Use ICT to encourage students’ cooperative and collaborative learning.
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The implementation of ICT confirms the Ministry of Education’s commitment
to provide Kuwaiti students with a high standard of education through it educational
reform strategy, yet ICT in Kuwaiti schools is considered as a subject to be taught
independently; the inclusion of ICT applications, in particular Logo programming
language, as a tool for constructivist learning in other disciplines such as

mathematics is not addressed within the above-mentioned objectives.

2.6  Student-Teacher Education Programs in Kuwait

In Kuwait, the MOE depends on two main institutes to prepare qualified
national teachers for the field of education. These two institutes are related to
different educational establishments as follows: the College of Education, which is
part of Kuwait University, and the College of Basic Education, which is part of The
Public Authority for Applied Education and Training (PAAET). The College of
Education provides programs that include courses to prepare Kindergarten, Primary,
Intermediate and Secondary stage teachers in mathematics and other subject areas. In
contrast, the College of Basic Education within the last few years discontinued its
Secondary stage program, and now provides programs that include courses to
prepare Kindergarten, Primary, and Intermediate stage teachers in mathematics and
other subject areas. In addition, the College of Basic Education has added a new
program to prepare ICT teachers. At both institutes, student-teachers must complete

four years of study in order to obtain a Bachelor’s degree in Education.

18



277  The Use of ICT as a Cognitive Tool, in Particular Logo Programming

Language, in Kuwait’s Student-Teacher Education Program

Currently, in both the College of Education and the College of Basic
Education, there is no plan in place to implement ICT, in particular the Logo
programming language, as a cognitive tool, either in the mathematics student-teacher
preparation program or in other subjects. In addition, Kuwaiti mathematics student-
teachers at the College of Basic Education, where the empirical study was
conducted, have no training or experience in the use of Logo programming language
as an ICT cognitive tool for constructivist learning in mathematics instruction. In
fact, general instruction (Farjon, 2007; cited in Al-Salama, 2007) and specifically the
methodology course called Methods of Teaching Mathematics are still based on
traditional methods of teaching which are characterized by rote learning and
memorization and with no use of Logo programming language. Furthermore, no
research has been conducted to explore the beliefs of Kuwaiti elementary student-
teachers at the College of Basic Education about the use of Logo programming
language as a cognitive tool for constructivist learning in their future mathematics

instruction.

2.8  Kuwaiti Mathematics Teachers’ and Student-Teachers’ Beliefs

Alajmi and Reys (2007) wrote, “Little is known about Kuwaiti mathematics
teachers’ views of the mathematics they teach or the way they teach it” (p. 79). They
pointed out that Kuwaiti teachers teach mathematics using traditional methods and
their focus is on following standard algorithms and finding exact answers. Beaton et
al. (1996), cited in Alajmi and Reys, 2007), showed that approximately 70 percent of

Kuwaiti mathematics teachers of intermediate stage believed that memorizing
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formulae and procedures is important in learning mathematics. In contrast, less than
50 percent of the teachers believed that creative thinking and the ability to provide
reasons to support conclusions are important.

According to my experience as a mathematics and ICT teacher, it is my
opinion that Kuwaiti teachers’ and student-teachers’ beliefs would be varied and can
be linked to Ernest’s (1991) categories of mathematics education ideologies: First,
the “industrial trainer” ideology views mathematics as a body of true facts, skills and
theories. Learning of mathematics can be achieved by paper and pencil work, drill
and practise, and rote learning and memorizing. Hence the teacher’s role is to
transmit mathematical knowledge as a stream of facts to be learned and applied.
Finally, the “old humanist” ideology perceives mathematics as a body of pure
structured knowledge. Students learn mathematics through reception and
understanding of a large logically structured body of mathematical knowledge and
the modes of thoughts associated with it. The teacher’s role is that of lecturer and
explainer, communicating the structure of mathematics meaningfully. For both
ideologies, teaching-aid tools are comprised of magnetic boards and visual aids, with
no use of ICT programs, and this can be found in Kuwaiti schools as well.

In fact, by analysing and evaluating my own beliefs about mathematics, the
teaching and learning of mathematics based on my experience as a mathematics and
ICT teacher and my reading during my Master’s degree and the current review of
literature, I have come to the view that teachers and student-teachers construct their
own beliefs about mathematics and its teaching and learning based on their own
experience as students. In addition, I would say that the development of my own
beliefs about mathematics and the teaching and learning of mathematics is based on

the way I viewed and interacted with my teachers in their instruction and
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experienced the mathematical skills the way they taught me. Furthermore, in my
opinion my own instruction method was also influenced by my teachers’ methods
and includes a personal construction of methods which I believed to be ideal in my
classrooms. This view can be linked to the views of researchers such as Hersh (1986)
Wilcox et al. (1990), Thompson (1992), Ernest, (1996), Norton, McRobbie and
Cooper (2000), Peter (2005), Speer, (2005) , Golafshani and Ross (2006) and Levin
and Wadmany (2006) who state that teachers’ and student-teachers’ construction of
beliefs about the nature of mathematics, and the teaching and learning of
mathematics as well as the use of ICT, is formed as a result of their own previous
experience. From this we can conclude that this could be applicable in general to

other teachers and student-teachers as well as to Kuwaitis.

29  Summary

This chapter provided a brief background to the context of this study. A brief
historical background of Kuwait and the development of its system of education
were presented. In addition, the teaching of mathematics and the status of ICT in
Kuwaiti schools, along with the student-teacher education program and the failure to
use ICT as a cognitive tool with special emphasis on Logo in student-teacher
education programs was discussed. The context of the beliefs of present mathematics
teachers and student-teachers also came under discussion. The next chapter will shed

light further light on these issues through an expanded literature review.
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CHAPTER 3

LITERATURE REVIEW

3.1 Introduction

The aim of this literature review is to examine the specific topics that are
pertinent to my study: teachers’ beliefs, constructivist theories, and how they relate
to teachers’ beliefs, mathematics education and ICT; and how Logo supports the
development of mathematical knowledge.

The chapter begins with a general discussion of teachers’ beliefs, including a
definition of beliefs, a description of how beliefs as apposed to knowledge is
measured, and strategies that can be employed to effect change in beliefs. The
chapter next sheds light on teachers’ beliefs about the nature of mathematics and
mathematics education, including how beliefs affect instruction. Teachers’ beliefs
and their relation to Information and Communication Technology (ICT) are also
explored. Within this section, critical topics that can affect or impede change, such as
the effect of workshops and training as well as challenges or barriers that may affect
one’s ability to teach with ICT, receive attention.

Next, my literature review examines theories of constructivism, with specific
focus on the theories of Piaget and Vygotsky, the implications of constructivism for
mathematics education and criticisms of constructivist theories. Next, the chapter
attempts to consider the concepts of beliefs systems, constructivism, and ICT in an
integrated way. The chapter ends with a discussion of Logo, and how it supports the

development of mathematical knowledge and understanding of education.
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3.2  Teachers’ Beliefs

Numerous studies in educational research are devoted to investigating
teachers’ beliefs (For example, Thompson, 1992; Nespor, 1987; Pajares, 1992;
Ernest, 1996; Norton, McRobbie and Cooper 2000; Spilelm and Lloyd, 2004;
Remillard and Bryans, 2004) all offer persuasive evidence to show that teachers’
beliefs are one of the most significant factors that influence and shape teachers’
instructional practises. Understanding teachers’ decisions requires an awareness of
what knowledge or methods or tools the teachers possess, and also how they decide
what knowledge or methods or tools to invoke and when and how to do so. Pajares
(1992) declared that those decisions reflect what a teacher believes to be important
and reasonable. He also claims, a claim which was strengthened by Norton,
McRobbie and Cooper (2000), Hart (2002), and Nathan and Knuth (2003), that
educational researchers must pay attention to the beliefs of teachers and student-
teachers because such attention can inform educational practise in ways that
prevailing research has not addressed, and also that it is crucial to improve their
professional preparation and teaching practise as well as the reform in teaching and

learning.

Definition of Beliefs, and How They are Formed

Educational research literature shows that the idea of “belief” has been
expressed in several ways. As Pajares (1992) points out, terms such as beliefs,
values, attitudes, judgments, opinions, ideologies, perceptions, conceptions,
conceptual systems, preconceptions, dispositions, implicit theories, personal theories,

and perspectives have frequently been used almost interchangeably.
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Sometimes it is rather difficult to identify the distinguishing features of
beliefs, and how they differ from knowledge. Thompson (1992) stated, “One
explanation for the scarcity of reasoned discourses on beliefs in the educational
literature is the difficulty of distinguishing between beliefs and knowledge” (p. 129).
This was caused by “the close connection that exists between beliefs and knowledge;
distinguishing between them is fuzzy” (Scheffler; cited in Thompson, 1992, p.129).
However, Nespor (1987) viewed it differently. He argued that belief systems differ
from knowledge systems in that belief systems do not require general or group
consensus regarding the validity and appropriateness of their beliefs. Individual
beliefs do not even require internal consistency within the belief system, and this sets
them apart from knowledge. Pajares (1992) adds further that enculturation and social
construction provide the fertile ground for the construction of beliefs: an intense
experience, chance occurrence, or a combination of events can lead or aid their
formation. Likely, this explains why beliefs may not be grounded in logic or fact;
they are personally held views formed over time through experience and exposure to

the beliefs of others.

Beliefs As Opposed to Knowledge

Nespor (1987) points out four features that can be used to distinguish beliefs
from knowledge. He terms those features, which are defined below, as (1) existential
presumption, (2) alternatively, (3) affective and evaluative loading, and (4) episode
structure. In existential presumption, beliefs frequently emphasize the existence or
non-existence of entities. For example, teachers are found to have beliefs that a
student’s attainment may be associated with his or her ability or maturity. In this

case, teachers attribute the student’s success to relatively stable characteristics such
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as ability and maturity. The second feature, alternatively, shows that beliefs
incorporate a view of an ideal or alternative situation that contrasts with reality and
provides a means of summarising objectives and paths. In this respect, “beliefs serve
as means of defining goals and tasks, whereas knowledge systems come into play
where goals and the paths to their attainment are well-defined” (Nespor, 1987, p.
319). The third feature, which is affective and evaluative loading, considers beliefs
as more strongly associated with affective and evaluative components than
knowledge systems. As a result, knowledge of a domain can be distinguished from
feelings about a domain such as subject areas that the teacher teaches. For example,
teachers’ beliefs about the nature of a subject such as history are found to be
associated with strong feelings about what students should be taught and learn in
history classes. Therefore, teachers’ feelings and values frequently affect what they
teach as well as the methods they use and may conflict with their knowledge.
Finally, episodic structure distinguishes beliefs from knowledge since beliefs are
often found to be derived from personal experience, episodes or events which
continue to influence a particular comprehension of events at a later time. In
addition, Nespor (1987) noted that beliefs are relatively static and when they do
change it is likely to be because of conversion or gestalt shift, not as a result of
argument or provision of evidence. In contrast, knowledge is dynamic and frequently
changes. Furthermore, while there is a lack of agreement about how beliefs are to be
evaluated, knowledge can be evaluated and judged. Nespor (1987) added that since
beliefs are loosely-bounded systems with highly variable and uncertain linkages to
events, situations and knowledge systems, the rules for determining their relevance
to real-world events and situations are imprecise. This larger belief system might

include inconsistencies and might be relative to one’s peculiar and individual
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character. He also gave beliefs a practical role in dealing with complex and ill-
defined contexts. Knowledge of beliefs will help to interpret and simplify classroom
life, identify relevant goals, and orient teachers and student-teachers to particular
problem contexts. Since the nature of classroom life is complex and
multidimensional, knowledge alone would be insufficient in making sense of

classroom context.

Strategies that Can Effect a Change in Beliefs

Although beliefs are not readily changed, this doesn’t mean that they never
change, according to Nespor (1987) and Pajares (1992), cited in Ertmer (2005). If so,
Ertmer asks, “How then is belief change most likely to happen? What experiences
will teachers need in order to question, and to be dissatisfied with, existing beliefs? ”
(p- 32). Ertmer suggests three strategies that may effect change in teachers’ beliefs
about teaching and learning in general and, specifically, beliefs about technology: (1)
personal experiences, (2) vicarious experiences, and (3) social-cultural influences.

In describing episodic structure as one component of beliefs, Nespor (1987)
pointed out that personal beliefs are often derived from personal experience.
Expounding on this point, Ertmer (2005) suggests that if beliefs are formed through
personal experience, then changes in beliefs might also be facilitated through
experience (p. 32). Ertmer cites Guskey (1986) who belevied that changes in beliefs
follow practise, rather than precede it. If so, the implication for professional
development of teachers is very important here: when a teacher is helped to adopt
new successful practises, the teacher’s associated beliefs may also change as
confidence is built. Instructional change is not a matter of completely abandoning
beliefs, but of gradually replacing them with more relevant beliefs (Nespor, 1987,

cited in Ertmer, 2005, p. 33). Richardson (2003; cited in Bai and Etmer, 2008) also
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suggested that the most important source of teacher candidates’ beliefs about
teaching and learning was their personal experiences with schooling and instruction
(p- 95). Richardson noted that they may enter preservice teacher preparation
programs with strongly held beliefs formed during their early student years.
Nevertheless, through the course of their involvement in the teacher education
program, they could be inspired to think about teaching and learning more deeply
and critically.

Vicarious experiences have been noted as a powerful force in building teacher
confidence and competence (Elmore, Peterson, and McCarthey, 1996; Zhao &
Cziko, 2001; Schunk, 2004; Bair and Ertmer, 2008). Elmore, Peterson, and
McCarthey state, “...teachers’ practices are unlikely to change without some
exposure to what teaching actually looks like when it’s being done differently” (p.
241). In this case beliefs change occurs vicariously, following successful practise.
Similarly, Bai and Ertmer believe that teacher educators must act as role models for
preservice teachers and prepare them to use technology in their future professional
practises (p. 94). The preservice teacher is thus given the opportunity to gain
experience indirectly through watching their professors model good practise

Social-cultural influences are the third strategy with the potential to effect a
change in beliefs. Professional organizations and social networking environments
available to today’s teachers provide ample opportunity for exposure to new ideas
and practises that can influence beliefs. For instance, websites that support teaching,
curriculum development, and student interaction, such as www.mathforum.com and
aamath.com, can do much to address teacher isolation issues. In these virtual math

communities, teacher idea sharing and caring can occur.
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Definition of Beliefs used in This Study

The definitions and findings of other researchers, especially Nespor (1987),
Pajares (1992), Thompson (1992), Aguirre and Speer (1999), Zhao and Cziko
(2001), Schunk (2004), Kynigos and Argyris (2004), Ertmer (2005), and Way and
Webb (2006) contributed to providing a definition of teachers’ beliefs which the
researcher used for the context of this research. In this study, beliefs comprise of the
personal opinions, conceptions, and ideas expressed by Kuwaiti elementary
mathematics student-teachers who participated in the study. These were evaluated
from the empirical context resulting from their exposure through vicarious
experience to the use of Logo programming language in the teaching and learning of
mathematics, set within a social-cultural context which is Kuwaiti mathematics

student-teachers.

3.2.1 Teachers’ Beliefs about Mathematics and Mathematics Education

As to beliefs about the nature of mathematics and mathematics education,
Thompson (1992) articulates two essential views: firstly, for some educators
mathematics has been viewed as a discipline characterized by accurate results and
algorithms and its basic elements are the expressions and theorems of arithmetic,
algebra, and geometry. This view of mathematics emphasises that learning occurs as
a result of mastery of symbols and procedures and performing mathematical
operations exactly. In contrast, other educators have viewed mathematics as an
intellectual activity, a social construction involving conjectures, proofs, rejections,
and its results are subject for an open change and validity and must be judged in
relation to a social and cultural setting. Mathematics is “cultural-bound, value-laden,

interconnected and based on human activity and enquiry” (Ernest, 1991, p.197).
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Within those two views, Thompson echoes Lerman’s (1990) categories of
mathematics: the “absolutist” perspective, which perceives mathematics as a
“paradigm of knowledge, certain, absolute, value-free and abstract, with its
connection to the real world perhaps of a Platonic nature” (p. 54) and, in contrast, the
“fallibilist” or constructivist perspective which perceives mathematics as based on
conjecture, proof and reflections and says that certainty is not absolute, hence the
emphasis on the practise of mathematics and the reconstruction of mathematical
knowledge. Other categorisations have been driven by different views of the nature
of mathematics. Ernest (1988), for example, defines three conceptions of
mathematics:

“First of all, there is the instrumentalist view that mathematics is an

accumulation of facts, rules and skills to be used in the pursuance of

some external end. Thus mathematics is a set of unrelated but

utilitarian rules and facts.

Secondly, there is the Platonist view of mathematics as a static but

unified body of certain knowledge. Mathematics is discovered, not

created.

Thirdly, there is the problem-solving view of mathematics as a

dynamic, continually expanding field of human creation and

invention, a cultural product. Mathematics is a process of enquiry

and coming to know, not a finished product, for its results remains

open to revision” (p. 250).

As psychological systems of belief, according to Ernest, these three
philosophies of mathematics can be conjectured to form a hierarchy where

instrumentalism, which involves knowledge of mathematical facts, rules and
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methods as separate entities, is lowest; Platonist, which involves a global
understanding of mathematics as a consistent, connected and objective structure, is in
the middle; and the problem-solving view, which sees mathematics as a dynamically
organised structure located in a social and cultural context, is at the highest level.

In fact, there is a particular relationship between teachers’ beliefs about the
nature of mathematics and the methods of teaching and learning, and the teacher’s
perceived role and objectives. For the instrumentalist view, the teacher is an
instructor and his objective is to enable the students to acquire mastery of the skills
with correct performance. In contrast, for the Platonic view, the teacher is an
explainer and the goal is for the students to acquire conceptual understanding with
unified knowledge. For the problem-solving view, the teacher’s role is that of a
facilitator and stimulator of the students’ learning whose objective is for the students
to acquire confidence in problem posing and problem solving. This latter view
correlates with constructivist pedagogy, which is discussed in detail later in this
chapter. (for example, Fosnot, 2005; Levin and Wadmany, 2006; Tasouris, 2009;

Margisit, 2009; ).

How Beliefs Affect Instruction

In addition to the discussion above about the diverse beliefs regarding the
nature of mathematics and mathematics education, many researchers such as Hersh
(1986), Kuhs and Ball (1986), Thompson (1992), Ernest, (1996), Norton, McRobbie
and Cooper (2000), Peter (2005), Speer (2005) and Golafshani and Ross (2006) have
reported on how teachers’ beliefs affect the way they give instruction. For example,
Thompson, as well as Golafshani and Ross, argue that differences in teachers’ beliefs
about mathematics prove to be related to the differences in their views about

mathematics teaching and that their beliefs about mathematics teaching are also
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likely to reflect their views of how students can learn mathematics. They emphasise
that it is difficult to conceive of teaching models without some underlying theory of
how students learn mathematics since there seems to be a logical and natural
connection between the two. In addition, Kuhs and Ball (1986) identified “at least
four dominant and distinctive views of how mathematics should be taught:”

1. Learner-focused: mathematics teaching that focuses on the learner’s

personal construction of mathematical knowledge; where the teacher’s role

is viewed as that of a facilitator and stimulator of students learning, posing
interesting questions and situations for investigation, challenging students

to think, and helping them uncover inadequacies in their own thinking.

2. Content-focused with emphasis on conceptual understanding:

mathematics teaching that is driven by the content itself but emphasizes
conceptual understanding. Unlike the Learner-focused where students’

ideas and interests are the primary considerations; the content here is

organized according to the structure of mathematics, following some

notions of scope and sequence that the teacher may have.

3. Content-focused with an emphasis on performance: mathematics

teaching that emphasizes student performance and mastery of rules and
procedures. This view of teaching can be linked naturally to the conception

of the nature of mathematics as instrumentalist. The content, in this

context, is organized according to a hierarchy of skills and concepts and is
presented sequentially to the whole class, where the teacher’s role is to
demonstrate, explain, and define material, presenting it in an expository

style, and do exercises or problems using procedures that have been

modeled by the teacher or the textbook.
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4. Classroom- focused: mathematics teaching based on knowledge about the
effective classroom. The main center of this view is the notion that classroom
activity should be well-structured and efficiently organised, assuming that the
content is established by the school curriculum where the teachers’ role is to
"skilfully explain, assign tasks, monitor student work, provide feedback to students,
and manage the classroom environment, preventing, or eliminating, disruptions that
might interfere with the flow of the planned activity" (Kuhs and Ball, 1986, p. 26)
Hersh (1986) emphasized that individual teachers’ conceptions about the
nature of mathematics would influence how they teach: “one’s conceptions of what
mathematics is affects one’s conceptions how it should be presented. One’s manner
of presenting it is an indication of what one believes to be most essential in it”
(p-13). Levin and Wadmany (2006) concur; they too are of the opinion that the
educational beliefs of teachers filter their decisions and determine their classroom

practise.

3.2.2. Teachers’ Beliefs and their Relationship to the Use of ICT
The National Council of Teachers of Mathematics Professional Standards for

School Mathematics (2000) states that the use of technology cannot replace
conceptual understanding, computational fluency, or problem-solving skills; yet, in a
balanced mathematics learning environment, strategic use of technology enhances
mathematics teaching and learning. It says, “Technology is essential in teaching and
learning mathematics; it influences the mathematics that is taught and enhances
students’ learning.” (p. 24).

A number of researchers such as Knapp and Glenn (1996); Kersaint and

Thompson (2002); Levin and Wadmany (2006); and Golafshani and Ross (2006)
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have provided significant evidence to show that teachers’ and student-teachers’
beliefs about the nature of mathematics and the teaching and learning of mathematics
are deep-rooted ideas formed as a result of previous experience as learners or as
professionals, and that these influence the teacher’s instructional practise as well as
their integration of ICT into their classrooms. Kersaint and Thompson (2002) believe
that it is important to explore the role that beliefs play in technology integration.
Russell et al. (2003) concur, stating that belief about the importance of technology
for teaching is the strongest predictor of delivery in the classroom and teacher-
directed student use (p. 303). Russell et al. (2003) and Swan and Dixon (2006) have
confirmed the positive correlation between the extent of teachers’ and student-
teachers’ experience with ICT and positive beliefs towards ICT use. In this
researcher’s opinion, a word of caution is in order here. Whilst it is true that many
current teachers do not have prior experience in the use of technology as part of their
own educational experience, and this could influence their beliefs, it is also true that
in today’s world, technology is a ubiquitous presence, and the power of technology
to affect beliefs is greater than ever before, regardless of past experience. Earlier
research must now be evaluated with recognition that this paradigm shift has
occurred.

Knapp & Glenn (1996, cited in Levin and Wadmany, 2006) state that other
studies explore how using educational technology can actually have an effect on
teachers’ beliefs. They note that following implementation of technology-based
educational reforms, some teachers found that technology encourages greater
student-centeredness, greater openness toward multiple perspectives on problems,
and greater willingness to experiment in their teaching (p. 161). Gusky (2002, cited

in Levin and Wadmany, 2006) is of the opinion that change in the beliefs of teachers
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is primarily an experientially-based learning process. From this, Levin and
Wadmany deduce that “when teachers translate the abstract ideas concerning the
integration of technology in their teaching practices they are likely to broaden their
ideas or views on learning, teaching, and technology” (p. 161).

Levin and Wadmany (2006) reported on a three-year study that analyzed the
evolution of the beliefs of six teachers regarding learning, teaching and technology,
and the instructional practises of the teachers following integration of technology-
based tasks within their classrooms. The researchers reported that changes occurred
in both the beliefs and educational practises of all six teachers. Further, they reported
that their study showed that developments in teachers’ beliefs regarding teaching and
learning occur on several different dimensions, reflecting changes on a continuum:
from teacher-centered teaching and learning to student-center teaching and learning;
from relating mainly to individual students to relating mainly to groups or learning
communities; from relating to externally imposed knowledge to appreciating
authentic issues; and from viewing technology as a technological tool to regarding it
as a partner capable of empowering the student, teacher and learning environment (p.
174).

We can infer that the relationship between teacher beliefs and technology
practise is actually bi-directional, with either capable of having an effect on the
other, based on experiences and circumstances. Large-scale, longitudinal studies
such as the Apple Classrooms of Tomorrow (ACOT) (Ringstaff, Yocam and Marsh,
1996) program have provided teachers with an opportunity to observe changes in
their students as a result of technology use and though this laboratory setting to
reflect on their own beliefs about teaching and learning. Today’s students are “digital

natives” (Prensky, 2001, p. 1) and expect to use technology in their learning
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environments. Regardless of how teachers came to hold their original beliefs about

technology, this truth and its persuasive power can not be ignored.

Effect of Workshops and Training
Swan and Dixon found (2006) that teachers who participated in mentor-

supported technology training increased the amount and level of technology use in
their own practise. Following training, their level of accommodation, interest,
comfort and confidence related to technology use improved. Lin (2008a) also
addressed the issue of fostering teachers’ confidence and competence in the use of
information technology, thereby promoting more positive attitudes toward using
computers and Internet resources in the mathematics classroom (p. 135). Lin’s study
investigated the efficacy of providing web-based workshops on elementary school
mathematics topics as a means of enhancing teacher comfort with the subject matter.
In-depth interviews were conducted with the pre-service elementary teachers who
participated in the study, and all participants reported that the workshops helped
them to become more confident in using computers to teach mathematics. The pre-
service teachers further stated their belief that computers and technology constitute
an important part of teaching mathematics. When asked why, the respondents felt
that computers and technology were an important visualization tool, they allowed
students visual representations not attainable with pen and paper or a chalkboard,
they allowed for manipulation of geometric figures and they felt that computers were
a motivator for students, making mathematics more interesting (p. 139).

Paraskeva et al. (2008) point out that “the development of modern technologies
and their extension to every domain of our daily life nowadays is an indisputable
fact” (p. 1084). As such, the widespread use of computers renders training in these

technologies necessary. These researchers also believe that teacher training in
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technology as an educational tool “can change teachers’ attitudes toward and
confidence with technology and can also provide them with skills they did not
previously have” (p. 1090). They feel that teachers who have more experience in
technology-aided teaching, especially in practise, are more likely to integrate
technology into the classroom. In short, focused technology training begets an
increase in confidence and a strengthening in the belief that technology can and
should be used in the classroom.

Teo (2008) examined variables which affect pre-service teachers’ level of
technology acceptance, and found that perceived usefulness, attitude towards
computer use, and computer self-efficacy directly affect behavioural intention to use
technology, while perceived ease of use, technological complexity, and facilitating
conditions indirectly affect behavioural intention (p. 309). However, Teo cautions
that although perceived usefulness and perceived ease of use have been found to
predict acceptance, these variables do not remain static. He states, “Teachers who
perceive computers to be useful and easy to use may soon experience limitations if
they do not participate in continuing professional development to keep abreast with
more advanced skills and knowledge on the use of computers” (p. 310).

Tasouris (2009) reported on an ambitious multi-year plan by the Cyprus
Ministry of Education and Culture (MOEC) to promote and introduce ICT in the
Cypriot Educational System. The initial five-phase effort, which began in 1991, was
the country’s first organized governmental attempt to train teachers to take
advantage of the use of ICT (p. 50). A five-year training plan for teacher training in
the use of ICT took place in 2004-2009. The training sessions, which were not
compulsory, aimed to make teachers computer literate and enable them to use ICT

tools during lessons. However, Tasouris noted that interaction within the workshops
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was minimal, and no training sessions were held to discuss the topic of teaching and
learning issues which might interact with the use of ICT. In spite of the effort to
provide training, Tasouris stated, “it might be assumed that teachers’ beliefs are not
taken to a great extent into account and that the sessions are developed following a
specific seminar pattern. Consequently, fascinated teachers might feel disappointed
and change attitude towards the use of ICT. An investigation of teachers’ beliefs is
required for the development of successful training sessions as the obtained
knowledge will support Ministry’s efforts for the actual introduction and use of ICT
in Cyprus” (p. 51). Tasouris examined, via a questionnaire, ten teachers who had
previously participated in training workshops administered by the Cyprus MOEC.
The question “Can you describe the current conditions regarding the use of ICT in
Physics Education” elicited the following response from one of the teachers: “The
use of ICT is something good but being trained just how to use a tool is not the right
way to do it. For example, a tool might not be good for my students as they are
regarded as low-achievers. I need something very basic to engage them ... and |
have no time and knowledge to set up something on my own. I am disappointed as |
feel that nobody is listening to what I think is better for me and my class” (p. 56).
Tasouris’ point is clear: workshops and training are important, but they are not
enough. Teachers’ attitudes and beliefs must also be taken into account as part of

program development.

Challenges or Barriers that May Affect Ability to Teach with ICT
Although beliefs can inform instructional practises, perceived or actual
challenges within the classroom environment can impede the teacher’s willingness to

incorporate technology in the classroom, regardless of beliefs held (Levin and

Wadmany, 2006). Slough & Chamblee (2000, cited in Levin and Wadmany, 2006),
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reported that the view of technology as unstable and always changing can present a
barrier that impedes its adoption in the classroom.

As stated earlier, Swan and Dixon (2006) reported that following
participation in mentor-supported technology training, teachers increased their
amount and level of technology use in their teaching. Nevertheless, these same
teachers continued to be concerned with barriers such as lack of release time for
training, planning and collaboration, and the need for ongoing support.

Tasouris (2009) also spoke of the difficulty that may arise when a teacher’s
beliefs conflict with policy demands or educational standards within the school
system. The author referred to the Cyprus Educational System, where the need to
prepare students for centralized examinations might constrain teachers to minimise
risk by following Ministry teaching standards despite their own teaching beliefs.
Tasouris indicated that there might be cases where a teacher feels that ICT would be
a better fit for his/her audience (p. 50). There is also the concern that a teacher who
delivers lessons that are not in accord with his/her beliefs might teach less effectively
and with less commitment. Tasouris also noted that the curriculum plan, textbooks,
available time, inadequate teacher training and poor ICT equipment are additional
constraints that influence teaching and learning.

Ertmer (1999) summarizes the barriers to technology integration noted above
as first-order (external) and second-order (internal) barriers. First-order barriers
include constraints that are external to the teacher, such as lack of adequate
hardware, software or technical support, and lack of training or preparation time.
Second-order barriers, however, are intrinsic to teachers, encompassing teachers’
belief systems about teaching and learning, and their familiar teaching practises, both

of which can affect technology integration. Ertmer concludes, “While many first-
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order barriers may be eliminated by securing additional resources and providing
computer-skills training, confronting second-order barriers requires challenging

one’s belief systems and the institutionalized routines of one’s practice.” (p. 48).

Conclusions drawn about Teachers’ beliefs and Use of ICT

The National Council of Teachers of Mathematics (NCTM) (2008) holds the
following position on the role of technology in the teaching and learning of
mathematics:

“Technology is an essential tool for learning mathematics in the
21st century, and all schools must ensure that all their students have
access to technology. Effective teachers maximize the potential of
technology to develop students’ understanding, stimulate their
interest, and increase their proficiency in mathematics. When
technology is used strategically, it can provide access to

mathematics for all students”

The use of ICT plays a crucial role in today’s mathematics classrooms. The
teaching and learning of mathematics can be enhanced by the integration of
technological advancement, thereby changing students’ beliefs and perceptions about
the classroom, the roles of teachers and students and instructional strategies. In
addition, it transforms learners to become critical thinkers and active individuals in
the competitive world of technology. It also implies a shift from student’s efforts
toward computational tasks to an exercise in thinking critically, communicating
clearly, designing solutions to mathematical problems and applying mathematics to
solve complex scientific problems.

The literature shows that teachers’ and student-teachers’ beliefs about
mathematics and mathematics education is a significant factor that influences and

shapes their instructional practises. It is the factor that plays a crucial role in their
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response to new ideas, knowledge and theories, and innovation such as ICT and
Logo programming language as a cognitive tool in mathematics instruction.
Therefore, in order to implement new ideas, knowledge and theories, and innovation
such as ICT and Logo programming language as a cognitive tool, mathematics
teachers and student-teachers should be able to accept these changes in their
opinions and beliefs. If we are to have teachers and student-teachers evaluate and
reflect on their beliefs, we must incorporate opportunities and create situations to
engage them in reflective practises, and active mathematics knowledge building with
the use of ICT, which is precisely what I attempted to achieve in my study.
Almost thirty years ago, a report published by Her Majesty’s Inspectors
(HMI) on mathematics teaching in the sixth form (DES, 1982a) discussed the
potential of microcomputers to reshape mathematics education:
“As microcomputers become more readily available, they will be capable of
changing significantly the way mathematics is presented visually in the
classroom. Programming procedures will influence the methods used for
solving problems and there will be a greater emphasis on numerical
techniques. ... The consequences for mathematics teaching are of the greatest
significance and all concerned need to consider carefully how this expensive

resource can be used to the best effect” (p. 30).

Later, Johnston-Wilder and Pimm (2005) referred to the above report and
lamented “the HMI prediction of greater emphasis on numerical techniques has not
manifested itself in the curriculum over the past 20 years. This is primarily due to the
centralized controllers of the mathematics curriculum, especially at A level which
has remained relatively free of numerical techniques” (p. 12). The authors further

reported that as a result students were migrating away from pure mathematics to
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statistics or business courses. The Office for Standards in Education (Ofsted, 2008)
report also painted bleak findings. In the section entitled “The contribution of
information and communication technology to the mathematics curriculum” they
stated: “Several years ago, inspection evidence showed that most pupils had some
opportunities to use ICT as a tool to solve or explore mathematical problems. This is
no longer the case; mathematics makes a relatively limited contribution to
developing pupils’ ICT skills. Moreover, despite technological advances, the
potential of ICT to enhance the learning of mathematics is too rarely realised.” (p.

27).

33 The Constructivist Perspective
3.3.1 The Concept of a Theory of Constructivism

In recent decades, the constructivist paradigm has become a fundamental
element of educational practise. Proponents of education reform, researchers,
educators and authors actively engage in supporting constructivist principles for
designing and implementing new learning environments to improve learning
(Murphy, 1997). Constructivist principles have also received considerable attention
and support by mathematics educators. According to Lerman (1993),
“constructivism is the dominant view of learning, at least within the mathematics
education community” (p. 20). Constructivism and implications for mathematics
education, which is an important focus of my research, will be discussed later in this
chapter.

According to Fosnot (2005), constructivism is an epistemological theory of
learning that sheds light on how people learn, and on the nature of knowledge.

Further, it assumes that knowledge cannot exist outside of cognitive beings and that
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people construct new knowledge, ideas, and experiences based upon their current
and previously acquired knowledge and experiences (Doolittle, 1999; Robins, 2005).
Constructivist theory holds that knowledge is constructed in a dynamic interactive
context, not solely by rote learning where memorizing or repeating or mastering facts
and techniques are emphasized (Taylor and Fraser, 1997; Hackmann, 2004). In
essence, the learning context requires that learners be provided with opportunities for
concrete and contextually meaningful experience to construct new knowledge
through “reasoning and creative thinking, gathering and applying information,
discovering, inventing, and communicating ideas, and testing those ideas through
critical reflection and argumentation” (Thompson, 1992, p.128).

The constructivist teacher is a facilitator who creates experiences, asks
questions, supports and provides guidelines, and thus helps students make
meaningful connections between previous and new knowledge, and guides them
through the learning process to arrive at their own ideas and conclusions. For
example, during a teaching session, the teacher guides students’ learning by
providing them with a range of contexts which includes:

e Regular and predictable concrete or experience context.

e (Cognitive conflict context since “learning required when the new
information to be learned comes in conflict with the learners’ prior
knowledge, usually acquired on the bases of everyday experiences”
(Vosnadiou and Lieven, 2004, p. 445; cited in Rolka, Rosken and
Liljedahl, 2007).

® Metacognition contexts that allows students to consider and reflect on

their thinking process for learning a new concept.
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® Negotiation contexts where students share their prior and new knowledge
and ideas with each other, resulting in students’ construction of a new
reasoning process.

As a philosophy of learning, constructivism has been developed over the
course of many centuries by philosophers including Socrates (470-399 B.C.), Kant
(1724-1804), Piaget (1896-1980), and Vygotsky (1896-1934). More recently, several
projects such as CLISP (Children’s Learning in Science Project, 1982-1989)
developed by University of Leeds, CASE (Cognitive Acceleration through Science
Education, 1981 to present) developed by King’s College London, CAME
(Cognitive Acceleration in Mathematics Education) developed by King’s College
London, and AKSIS (ASE-King’s College Science Investigations in Schools), were
based on the foundations of constructivist principles and aimed to improve pupils’
ability to learn. To further understand constructivism, the theories of Piaget and
Vygotsky, who have greatly influenced approaches to teaching and learning, are
explored on the following pages.

Jean Piaget’s theory of cognitive constructivism and Lev S. Vygotsky’s
theory of social constructivism illustrate two diverse contexts concerning individual
cognitive development. Piaget believed that individuals build understanding by a
process of active interaction and interpretation of experience with their environment.
Vygotsky emphasized that knowledge development is a result of social interaction
and language usage between individuals, and thus it is shared. Although they were
essentially contemporaries, Piaget and Vygotsky were unaware of each other. Still,
Vygotsky’s work complemented Piaget’s contributions in the field. They share some
common ideas such as a learning perspective in the context of constructivism which

Kafai and Resnick (1996) referred to as “constructionism” (p.1); yet major
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differences exist between them. For example, concerning the topic of stages of
development, Piaget is of the view that development precedes learning, whereas
Vygotsky holds the opposite opinion. Especially in the development of speech,
Piaget states that the egocentric speech of children disappears with maturity, when it
changes into social speech; for Vygotsky the child’s mind is innately social in nature
and so speech moves from communicative social to inner egocentric. Since for
Vygotsky speech precedes the development of thought, he claimed that thought
develops from society to the individual and not the other way (Boundaries, 1998).
The following sections shed further light on the underlying principles of the two

perspectives, namely cognitive constructivism and the social constructivism.

3.3.2 Piaget’s Theory of Cognitive Constructivism

Jean Piaget was one of the twentieth century’s most influential researchers in
developmental psychology (Bernstein, 2005). His research focused on the theory of
knowledge regarding cognitive development in children. Piaget viewed the child as a
lone scientist, constructing his or her own knowledge of the world (Clark, 2000). He
believed that the child’s mental structure, conceptual categories or schemas, develop
as a result of the child’s active interaction and experiences with his or her
environment (Piaget, 1972). Piaget believed in “adaptation” and “organization” as a
mechanism by which changes in cognition and understanding occur. Adaptation
involves two complementary processes: “assimilation” and “accommodation”
(Piaget, 1953/1966, p. 5-6). Learners first interpret new experiences and events in
terms of pre-existing cognitive structures. Then learners integrate novel and typical
experiences into their mental structure, finally changing their cognitive structure to
create a new mental organization. Piaget associated knowledge with active

contradictions between what is already known and what is new to the learner.
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From birth, individuals explore the environment with whatever level of
capability they have, and through these explorations learn context, so that their views
of the environment change. Piaget identified four cognitive development stages,
identified below in Table 2. For complete intellectual development, he considered it
essential that the child experience these stages.

Piaget believed that growth and learning proceed in a relatively orderly
sequence and demonstrated that learning generally proceeds from the concrete to the
abstract. Further he believed that individuals learn by discovery, organizing, and
assimilating new information to prior knowledge and rejected the idea that the
individual is a passive recipient of knowledge. He stated, “To understand is to
discover, or reconstruct by rediscovery, and such conditions must be complied with
if in the future individuals are to be formed who are capable of production and
creativity and not simply repetition” (Piaget, 1973, p. 20). Piaget observed this in
children; he intensively studied the reasoning processes of children at various ages to
find out how they reached their answers. He was not interested in the child’s answer,
but rather what forms of logic and reasoning the child used to get to the answer
(Plucker, 2006). For Piaget, a child’s reasoning is not merely less exact than adult
reasoning; it is qualitatively different (Wadsworth 1996).

Prior to Piaget, the premise was that a child’s knowledge results from senses
as a source of perception and language. However, Piaget found that the actions of the
child were the origin of knowledge rather than perception and language (Beilin,
1992). Piaget also argued that language depends on thought for its development. As
a result, Piaget considered that the learning process proceeds from action to language
through thoughts. He pointed out that “it is very difficult to ‘teach’ a child logical

operations; he must construct them for himself through his own action. Then, and
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only then, can he assimilate the full meaning of the language that describes these
action or transformations” (Pulaski, 1980, p. 95-96). Consequently, language serves
essentially to communicate what is already understood.

Table 2. Piaget’s Stages of Cognitive Development

Stages Approximate Age
1. Sensori-motor 0 -2 years
2. Pre-operational 2 -7 years
3. Concrete operations 7 —11 years
4. Formal operations 11 - adult

In the sensori-motor stage, children’s learning occurs as a result of their
sensory perceptions and motor actions on objects. Their initial schemes, “the basic
building blocks of thinking... organized systems of actions or thought that allow us
to mentally represent or ‘think about’ the objects and events in our world”
(Woolfollk, Hughes & Walkup, 2008, p. 39) are forming during this stage. Initial
innate actions of a baby, such as sucking and grasping, are common examples of
initial schemes. In the next, or pre-operational stage, key elements include the rapid
growth of speech, and child’s ability to use symbols (words, gestures, and images).
At this stage, the child’s behaviours and thinking is egocentric. Logical thinking is
limited in one direction only and the child lacks the ability of reversible thinking.
For example, the sequential relation ships such as A<B<C (A is less than B is less
than C) are too difficult to be handled at this stage. Besides, the child is not able to
understand the principle of conservation “that some characteristics remain the same
despite changes in appearance” (Woolfollk, Hughes & Walkup, 2008, p. 42) and can
only focus on one aspect at a time. This focusing or fixing of attention on a limited

aspect of the stimulus illustrates a child’s lack of decentration to explore all the
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aspects of the stimulus throughout this stage. In short, in the pre-operational stage,
mental operations are largely intuitive, involving high imaginations, but this is not an
inferior type of thought, since “intuition and free association are important aspects of
creative or original problem solving” (Sprinthall and Sprinthall, 1981, p. 181). Child-
active involvement with “objects (such as the Logo program as a cognitive tool) and
processes will help the child to build the cognitive structures necessary for logical
thought” (Webb, 1980, p. 94). Proceeding towards the end of this stage, the basis for
logical mathematical thinking has been laid in the use of language, yet the child is
still far from reaching operational thinking (Becker, et al., 1975; cited in Marsigit,
2009) which develops during the next stage, concrete operations.

In the third stage, which is the concrete operations stage, the child
understands the different aspects of reasoning and becomes capable of dealing with
the problem of conservation, and in addition masters the operation of classification
that helps the child in categorizing objects. In addition, the child will develop a
logical system of thinking which will help him to construct logical sequential
relationship (seriation), that is, understanding the notion of A<B<C (that B can be
greater than A but still less than C. Piaget considered that the child in this stage
becomes able to perform logical operations such as reversibility, classifications and
seriation; however, these logical operations can only be applied to concrete objects
and events in present and not to hypothetical, purely verbal, or abstract problems
(Wadsworth, 1996). Consequently, this stage is viewed as a transition between pre-
logical thinking to the fully attained logical thinking during the last stage, the formal
operations stage.

The fourth, and final, stage is the formal operations stage; however, there are

different views expressed by the writers concerning the child approximate age for
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this stage. For example, Sprinthall and Sprinthall (1981) suggest that this stage starts
at 11-16 years of a child’s age, while Woolfollk, Hughes & Walkup (2008)
considered it from eleven years to adulthood. In this stage, the child can develop a
formal pattern of thinking. He or she fully attains logical thinking or what Woolfollk,
Hughes & Walkup (2008) termed “hypothetico-deductive reasoning” (p. 47), that is,
logical, rational, and abstract strategies that allow him or her to identify the factors
affecting a problem and then deducing and systematically evaluating different
solutions. That helps in terms of the formal propositions of symbolic logic and
mathematics (Becker et al., 1975; cited in Marsigit, 2009).

There are, however, some critics of Piaget’s theory of cognitive development,
especially Margaret Donaldson, 1978; Light, 1988; and Siegal, 1991; cited in
Butterworth and Harris, 1994. They believe that children’s lack of reasoning, in
Piaget’s experiments, is not because of their inability to think logically, but because
the children lack the ability to comprehend the adult’s language and as a result the
tasks selected make little sense to them. Donaldson (1978, cited in Moore, 2000)
believed that children’s logical or abstract reasoning, in Piaget’s experiments, could
be achieved ‘“‘as long as the questions were put to them in a way that related to their
familiar world and in a language that they understood” (p. 64). However, the stages
of cognitive development, comprising different age levels, have been applied to the
hierarchy of educational “sequential developmentalism” (Kwon, 2002, p. 7) in most
countries, for example, the United Kingdom and Kuwait. In addition, it is essential to
familiarize teachers with Piaget’s stages of cognitive development. This helps
teachers to understand that during a particular age students are most likely to be at a
certain level of cognitive development and capable of a certain type of thinking.

Recognition must also be given to the fact that not all students’ level of cognitive

48



structure within a certain stage is the same, since “intelligence and / or environment
may cause variations” (Webb, 1980, p. 93). According to educational sequential
developmentalism, “a child must be "ready" to move on to the next developmental
stage and cannot be forced to move to a higher level of cognitive functioning”
(Kwon, 2002, p. 7). Considering children’s level of cognitive structure within the
stages of cognitive development, it is essential not to accelerate children’s progress
throughout the stages so that they can progress successfully from one stage to the
next. This can be linked to Piaget (1962; cited in Lloyd and Fernyhough, 1999) when
he said, “In some cases... instruction is presented too soon or too late, or in a manner
that precludes assimilation because it does not fit in with the child’s spontaneous
constructions. Then the child’s development is impeded, or even deflected, into
barrenness” (p. 310). Therefore, giving more time for children to develop their
cognitive structures, if required, is essential so that they can proceed to the next stage
acquiring solid cognitive structure.

The main concept of Piaget’s work centered on illuminating the context of
knowledge acquisition, which is that knowledge is constructed by individuals based
on their prior knowledge and not by passive learning, as well as the progressive
cognitive structuring of individual. Yet, the social interaction context on learning
process was not Piaget’s main emphasis. Piaget (1970, cited in Fosnot, 2005)
believed, “There is no longer any need to choose between the primacy of the social
or that of the intellect; the collective intellect is the social equilibrium resulting from
the interplay of the operations that enter into all cooperation” (p. 22).

The consideration of social interactions between the individual and society
has led to a different philosophy of cognitive development, which is the social

constructivism theory developed by Lev Vygotsky.
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3.3.3 Vygotsky’s Theory of Social Constructivism

The Soviet psychologist and philosopher Lev Semyonovich Vygotsky’s
research in developmental psychology was repudiated in his own country because of
Russian government repression. His works became known to the western world only
during the 1960s; nevertheless, his theory of developmental psychology has had a
profound influence on Russian schools and is a focus of interest all over the world
(Davydov and Kerr, 1995). He believed, as did Piaget, that knowledge is
developmental and constructed by individuals based on their prior knowledge, yet he
considered social interaction central for the development of individuals’ intelligence:
“a specific social nature and process by which children grow into the intellectual life
of those around them” (Vygotsky, 1978). It is “representative of a paradigmatic shift
towards viewing the construction of meaning or psychological events through the
reciprocal influence of individual and context” (Shulman and Carey, 1984, cited in
Sivan, 1986, p. 211). This prospective of mediation shifts the locus of individual
cognitive development from the interior region of the mind, Piaget’s perspective of
process as from inside out, to the processes and structure of individuals’ interaction
(Sivan, 1986). Vygotsky believed, “What goes from outside in is schooling because
we never find a child who would naturally develop arithmetic functions in nature.
These are external changes coming from the environment and are not in any way a
process of internal development” (Vygotsky, 1930a/1981, cited in DeVries, 2000,
p-194). Vygotsky considered that social interaction and culture constitute the
environmental elements that shape an individual’s thinking and activities (Fosnot,
2005). Social interaction affects the individual’s cognitive development by
“explaining reality, transmitting cultural messages and mediating the learning of

environmental rules” (Kouzulin & Presseisen, 1995, cited in Firstater, 2005, p. 56).
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Culture facilitates cognitive development, as Vygotsky considered that “human
activities take place in cultural settings and cannot be understood apart from these
settings” (Woolfolk et al., 2007, p. 52), where “intellectual abilities as being much
more specific to the culture in which the child (individual) was reared” (Vasta et al.,
1995, cited in Kristinsdéttir, 2000). Consequently, “Culture makes two sorts of
contributions to the child’s (individual’s) intellectual development. First, children
(individuals) acquire much of their thinking (knowledge) from it. Second, children
(individuals) acquire the processes or means of their thinking (tools of intellectual
adaptation) from the surrounding culture. Therefore, culture provides children
(individuals) with the tools to develop what to think and how to think”
(Kristinsdéttir, 2000). Sivan (1986) provides three key elements of social
constructivist theory, namely: (a) cognitive activity, (b) cultural knowledge, tools
and signs, and (c) assisted learning (p. 21). These elements are interconnected;
however, in order to understand the process of social constructivists it is necessary to

discuss them separately, as follows:

3.3.3.1 Cognitive Activity

Cognitive activity is the individual’s process of constructing meaning within a
certain context, not as a result of psychological event (Sivan, 1986). Cognitive
activity, from a social constructivist perspective, cannot be considered as separated
from the context in which the individual thinks (Rogoff, 1982, cited in Sivan, 1986).
In this sense, it sheds light on the reciprocal influential relation between the
individual and the context of construction meaning. Furthermore, cognitive activity
is considered as “becoming increasingly complex in structure as the tools (such as
ICT) and signs (such as numbers, graphs and language) of culture... are

implemented” (Luria, 1962, 1977; cited in Sivan, 1986, p. 212). It is formed in
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association with adult help. In addition, Cole and Scribner (1974, cited in Sivan,
1986) believed that cognitive activity mediates context and behaviour and as a result
it shapes and regulates behaviour. The social constructivist view about cognitive
activity differs from the Piagetian view. Piagetian theory holds that cognitive
development results from an individual’s adaptation to the environment, while social
constructivism views it as a process that is constructed in a social context with other
individuals in society.

In short, cognitive activity is a dynamic process that becomes more complex as
it progresses with the aid of another member of society. It is a process that shapes
and regulates individuals’ behaviour through mediating culture and behaviour. It is a

product of the culture.

3.3.3.2 Cultural Knowledge, Tools and Signs

Social constructivists consider language an indispensable thinking and
cognitive activity tool. Vygotsky (1978) believed “the most significant moment in
the course of intellectual development, which gives birth to the purely human forms
of practical and abstract intelligence, occurs when speech and practical activity, two
previously completely independent lines of development, converge” (p. 24). Itisa
cultural tool that serves as both a means of communication and a way to shape
thought, since ““it provides (individuals) a way to express ideas and ask questions, the
categories and concepts for thinking, and the link between the past and the future”
(Woolfolk et al. 2007, p. 54). Thus, the social and cultural environment, where
language evolves, facilitates individuals to use language to express themselves and
develop further intellectual operations. The influence of language in mathematics
education linked to Bruner (1953, cited in Ellerton and Clarkson, no date) stated,

“Words are links in the chain of communication,” and “mathematical words often
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represent mental constructs rather than tangibles,” and “spoken words are symbols,”
and “words represent agreements among people” (p. 987). Therefore, students
should be provided with the context where they communicate, discuss and exchange
the mathematical knowledge. Language and knowledge are culturally productive
activities and the means by which an individual’s psychological functioning
develops. Since knowledge, tools, and signs of a culture are not inherited genetically,

the learner needs assistance and guidance to acquire them.

3.3.3.3 Assisted Learning

In Vygotsky’s view, assisted learning occurs as the more mature member of
society interacts with a child and leads the child to the internalization of knowledge,
and resultant independent behaviour. This active interaction process between the
more knowledgeable member and the person who is being socialized illustrates the
first distinguishing characteristic of assisted learning, called scaffolding. Scaffolding
is the context of support provided by a more mature adult, such as a teacher or peer
collaborator, (or the use of ICT tools), which the child cooperates with in the
learning interaction to extend the child’s knowledge and skills to a competence level
to solve a problem or complete a goal that can not be accomplished alone (Vygotsky,
1978; Bruner, 1986; Stuyf, 2002, Sivan, 1986). Scaffolding takes place in the zone
of proximal development (ZPD), shown in Figure 2 below, which represents the
second distinguishing characteristic of assisted learning. It is “the distance between
the actual developmental level, as determined by independent problem solving, and
the level of potential development, as determined through problem solving under

adult guidance or in collaboration with more capable peers” (Vygotsky, 1978, p. 86).

53



7ZPD

Tasks a learner
can accomplish
by himself.

Tasks a learner can not
accomplish even with
support by others.

Tasks a learner
can accomplish
with assistant
provided by more
capable others:
Parents  Experts
Teachers Peers
Coaches ICT

Figure 2. Zone of Proximal Development (ZPD)

To illustrate this in mathematics education, suppose a child can draw a square
independently, and can draw a right angle triangle with assistance and guidance from
a teacher or peer. We can say that drawing a right angle triangle is within the child’s
zone of proximal development (ZPD) where the scaffolding process within assisted
learning is to pull the child “along to levels beyond those the child could achieve
alone” (Sivan, 1986, p. 215). In this essence, the child is being supported to the next
intended level of learning. The third distinguishing characteristic of assisted learning
is internalization. While socialization contributes to behaviour change, in contrast,
assisted learning contributes intra-psychological changes through joining the cultural
knowledge with individual knowledge which develops an internalized ability for
activity without any external social regulation (Sivan, 1986). Independent
functioning is the fourth characteristic of assisted learning. Through scaffolding and
internalization, assisted learning transmits to the child the task of meaning making

(Sivan, 1986).
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In short, assisted learning is a way of socialization that transfers cultural tools
through scaffolding within the zone of proximal development (ZPD) to help develop

an independent functional individual.

3.3.4 Piaget and Vygotsky: A Comparative Perspective

Both Piaget’s cognitive constructivism and Vygotsky’s social constructivism
implied an alternative perspective for knowledge acquisition, one that embraces
dynamic interactive context along with the use of more recent tools such as ICT, in
which knowledge is constructed by individuals and which rejects rote learning in
general, and in particular for mathematics education. Hence, “do”(ing) mathematics
is to conjecture — to invent and extend ideas about mathematical objects - and to test,
debate, and revise or replace these ideas” (Davis and Harsh, 1980; Ernest, 1991;
Lakatos, 1976; Lampert, 1988; Latour, 1987; and Tymoczko, 1986; cited in Fosnot,
2005, p. 85).

Green and Gredler (2002, p. 55) compare Piaget and Vygotsky based on: (a)
classroom goal, (b) focus, (c) teacher role, and (d) learner role, as shown in Table 3.
To Piaget, the student’s thinking undergoes various reconstructions as logical
reasoning develops. The learner’s manipulation of objects provides fertile ground for
this experience and recognizing conflict between his or her perceptions and the data
allows the learner to gradually forgo illogical ways of thinking. Piaget believed that
schooling should include independent and collaborative spontaneous
experimentation. Piaget believed that student-directed experimentation was of
particular importance in mathematics and science because it showed that these
subjects consist of testable principles instead of inert facts (Piaget, 1973). Vygotsky,
in contrast to Piaget, identified particular complex skills (categorical perception,

conceptual thinking, logical memory, self-regulated attention) as the goal of
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cognitive development (Green and Gredler, p. 56). To Vygotsky, “the teacher,

working with the child, explains, informs, inquires, corrects, and forces the child

himself to explain” (Vygotsky, 1987, p. 215-216). In solving a problem, the child

makes use of an earlier collaboration.

Major
Characteristics

Piagetian
Classroom

Vygotsky’s
Perspective

Goal

Develop logical thinking

Develop self-regulated
attention, conceptual
thinking, logical memory

Classroom focus

Spontaneous, student-
directed experimentation

Interaction with subject-
matter concepts to develop
advanced cognitive
capabilities

Role of the teacher

Create and organize
challenge experiences; ask
probing questions to
facilitate learner rethinking
of ideas

Model, explain, correct, and
require the learner to
explain

Role of the learner

Manipulate objects and
ideas; experience cognitive
conflict between one’s
ideas, experimental results,
and teacher questions; re-
organize one’s thinking

Interact with the teacher in
instruction to develop
conscious awareness of and
mastery of one’s thinking;
learn to think in subject-
matter concepts

Example

Some math and science
curricula

Reciprocal teaching

Table 3. Comparison of Characteristics: Piaget/Vygotsky Classrooms

Cairns (2001, p. 21) cites Bruner’s comparison between the developmental

stages of Piaget which unfold faster or slower depending on the quality of the

experience, and Vygotsky’s 'zone of proximal development' in which the learner uses
hints and the help of others to organise his or her thought processes, thus developing

the conceptual means to 'make a leap to higher ground'. Through the help of others,
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the learner can gain increasing understanding and control of knowledge (Bruner,

1983).

3.3.5 Constructivism in Mathematics Education

The work of both Piaget and Vygotsky has received considerable attention by
mathematics educators who view their constructivist theories valuable for the
development of mathematical understanding. The National Council of Teachers of
Mathematics Standards document (NCTM) (1989, 1991; cited in Steele, 1999, p. 38)
emphasizes the importance of both social interaction and communication in learning
mathematics. ”Communication plays an important role in helping children construct
links between their informal, intuitive notions and the abstract language and
symbolism of mathematics; it also plays a key role in helping children make
important connections among physical, pictorial, graphic, symbolic, verbal, and
mental representations of mathematical ideas* (NCTM, 1989, 1991). So we can
conclude that both perspectives offer an essential conceptual framework for the
educational process in general, and for mathematics in particular, as well as for the
use of ICT and its cognitive tools such as Logo programming language for
mathematics education.

According to Piaget’s perspective, an individual’s cognitive structure
develops as a result of active interaction and experiences with his or her
environment, which leads to reorganization in the individual’s intellectual structure.
These reorganizations of thoughts happen because of the contradiction between the
individual’s cognitive structure that are representative of his or her prior knowledge
and new knowledge during the individual’s interaction with the learning

environment. “Every schema (intellectual structure)... coordinated with all the other
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schemata and itself constitutes a totality with differentiated parts” (Piaget, 1953, p.
7). These reorganizations are essential since they allow the individuals to
hypothesize and test the hypotheses to find successful solution to the situation or
problem about reality based on their new learning experiences. Piaget believed that
“teaching is the creation of environments in which students’ cognitive structures can
emerge and change” (Joyce, Weil with Calhoun, 2000, p. 266). From this
prospective, education in general and mathematics education specifically should not
be “a routine habit forming and conditioning... (but an) intelligent inquiry and
thought” where “development of knowledge ... resides in doing (experimenting), in
activity, in interacting with the problems” (McNally, 1974, p. 80) in a social context
where dissection and disparagement is a necessary source of disequilibration.
Consequently, the mathematics teacher comes to play an essential role as a facilitator
and stimulator for students’ learning. The teacher’s objective is to create practical
experiences as a context to facilitate exploration, discovery, and intervention of
mathematical knowledge, allowing students to construct relations between new
mathematical experiences and prior mathematical cognitive structures. As such, “it is
obvious that the teacher as organizer remains indispensable in order to create the
situations and construct the initial devices (such as ICT) which present useful
problems to the child. Secondly, he is needed to provide counter-examples that
compel reflection and reconstruction of overhasty solution. What is desired is that
the teacher cease being a lecturer satisfied with transmitting ready-made solutions;
his role should be that of a mentor stimulating initiative and research” (Piaget, 1973,
p. 16).

Vygotsky gives primary importance to the social interaction and cultural

tools in the development of individuals’ cognitive structure. His viewpoint is that
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the individual’s development learning construction is the result of internalization.
The mediation provided though social interaction and by psychological signs tools
such as language, numbers, and graphs, as well as material tools such as ICT,
enables individuals to internalize the new knowledge such as mathematical
knowledge and learn. Thus, the individual is not alone in the learning construction
process. Teachers have responsibility for students’ learning. Their responsibility is to
identify students’ current level of achievement and move them from that point to the
achievement of well defined educational objectives. For Vygotsky, the teacher’s role
is “didactic” (Marsigit, 2009, p. 5) and not to narrate; his role is to construct meaning
alongside the student and so “‘emphasise the importance of language and
communication in the construction of an understanding of the world” (Galloway and
Edwards, 1991; cited in Marsigit, 2009, p.5). In addition, the teacher creates an
interactive educational environment where social meaningful interactions and use of
psychological sign tools and material tools such as ICT can lead the children to new
zones of proximal development.

Steele (1999) asks, “What do communication and interaction in the
classroom have to do with Vygotsky’s ideas about learning mathematical language?
In what ways must new words be learned to enrich a child's understanding of
mathematics?” (p. 38). Steele suggests that when students use language to describe
their thinking, they supply their teachers with valuable information about what they
do understand. Teachers have an opportunity to make use of students’ oral language
in classroom activities to provide a meaningful context for learning. In this case, the
teacher enters the child’s zone of proximal development (ZPD). Steele further
cautions that students should not be moved too quickly toward new mathematical

language without having the opportunity to explore, investigate, describe, and
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explain ideas, as the reorganization of concepts goes on during these opportunities.
Students should learn mathematical language to describe real world actions related to
their own experiences.

Berger (2005) also credits Vygotsky’s theory of concept formation with
being able to “bridge the divide between an individual’s mathematical knowledge
and the body of socially sanctioned mathematical knowledge” (p.153). Further,
Berger believes that Vygotsky’s theory can be used to explain how idiosyncratic
usages of mathematical signs by students, especially as they are just being
introduced to it, get transformed into mathematically acceptable usage; this can be
used to explain the link between the use of mathematical signs and the individual’s
attainment of meaningful mathematical concepts.

Marsigit (2009) discusses the implication of both Vygotsky’s and Piaget’s
work to mathematics education. The author feels that in order to provide assistance
in the ZPD, the teacher must remain in close touch with opportunities presented for
assisted performance, for using small groups and a positive classroom experience
that will increase student independent task involvement. Margisit agrees that
children need to actively engage with mathematics, posing as well as solving
problems, discussing the mathematics which is embedded in their own world.
Margisit summarizes by stating, “Instead of giving the children a task and measuring
how well they do or how badly they fail, one can give the children the task and
observe how much and what kind of help they need in order to complete the task
successfully; in this approach, the child is not assessed alone; rather, the social
system of the teacher and child is dynamically assessed to determine how far along it

has progressed.”
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Marsigit (2009) also discusses Piaget, and suggests these beliefs are essential:
that the intellectual development of children passes through well-defined stages that
children develop their concepts through interacting with their environment, and that
for the primary years most children are in the stage of concrete operations. Elkind
(2003) also discusses Piaget’s concrete operations. As young children progress from
nominal, to ordinal to interval numbers, they build their concept of numbers. At age
two or three, numbers are used in their nominal sense and number words used as
names. By age four or five, numbers are used in their ordinal sense, for instance, to
identify position in a series, but the child’s understanding is still based on visual
differences. By age six or seven, when children attain what Piaget refers to as
concrete operations, they are able to build units and can achieve interval
understandings of numbers in which numerical terms represent equal units. Others,
including Acredolo (1997) and Bickhard (1997) have found Piaget’s theories helpful
to explain how children arrive at meaningful understanding of mathematics

principles.

3.3.6 Constructivism Critique

Although constructivism is much valued in education, criticism of
constructivist theories also exists. According to Confrey (1990), it is criticized for
being “overly relativistic.” The argument that follows is that “if everyone is capable
of their own constructs, and if no appeal to an external reality can be made to assess
the quality of those constructs, then everyone’s constructs must be equally valid” (p.
110). Confrey refutes this statement for two reasons: the constructive process is
subject to social influences, since we do not think in isolation, our language, the

methods and resources we use for problem-solving and even our acceptance are
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social processes. Also, one person can not know with any certainty what another
person’s constructs are. To explain, Confrey uses the example of a mathematics
teacher: “In mathematics education, a teacher needs to construct a model of a
student’s understanding given what the student knows, while gauging how like the
teacher’s own constructs the student’s constructs are. Thus, a teacher must always
give consideration to the possibility that a student’s constructs, no matter how
different they appear from the teacher’s own constructs, may possess a reasonable
level of internal validity for that student and therefore must adapt the instruction
suitably” (p. 110). As a constructivist and mathematics educator, Confrey states, “I
am not teaching students about the mathematical structures which underlie objects in
the world; I am teaching them how to develop their cognition, how to see the world
through a set of quantitative lenses which I believe provide a powerful way of
making sense of the world ... I am trying to teach them to use one tool of the
intellect, mathematics” (p. 111).

Lerman (1993) offers a similar criticism in simpler prose: “one of the major
weaknesses of constructivism is that it offers no connection between its theoretical
foundations, that children construct their own knowledge, and what the teacher
should do” (p. 20). Lerman also sees social constructivism as “incoherent and
inconsistent” in the manner in which it sometimes takes one view of learning as
observably occurring and sometimes the other (p. 22). Lerman does voice approval
for Lev Vygotsky, and Lerman’s view is summarized as follows: “knowledge isn't in
the individual’s mind, nor ‘out there’ in objects or symbols. knowledge is as people
use it, in its context, as it carries individuals along in it and as it constructs those
individuals. knowledge is fully cultural and social. and so too is what constitutes

human consciousness. communication drives conceptuallsatlon.” (p. 23).
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The science education community also takes some exception to Jean Piaget’s
view, in particular with respect to his developmental-stage component. A second
argument, by (Matthews, 2000), is the notion that constructivists pay attention to
how students learn (construct concepts), but not to what knowledge (wrong or
correct) they construct (p. 493).

One final criticism readily illustrates the power of constructivist theories to
incite condemnation by at least some educators. Matthews (2003) states,
“Developmental notions of the natural proclivity toward learning and the importance
of not interfering with the natural learning process are key assumptions that underpin
current constructivist teaching practices. One key notion contends that since the
learner has an active role in interpreting the learning process, education should be
child directed and not teacher directed” (p. 57). Further, constructivist teaching
assumes that motivation to learn is internally generated by the child. My own
opinion is that too simplistic a view of constructivism is a disservice. In my view,
constructivism offers a blueprint that considers the entire picture of the learning
process and the interaction between teacher and learner. It does not attempt to limit
the teacher’s role nor to undervalue the quality of constructs or the quality of

knowledge that is disseminated.

3.4  Teachers’ Personal Beliefs, Constructivist Pedagogy and ICT

The above sections dealt with beliefs, constructivism and ICT. Repeatedly,
the inter-connection among the three issues and how one teaches was noted.
Research that explores beliefs systems and pedagogy styles consistently attest that
teachers with more traditional beliefs resist the implementation of technology within

their classrooms (Hermans et al., 2008) or implement it at a lower level than those
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teachers holding constructivist beliefs (Judson, 2006, and Roehrig et al., 2007; cited
in Ertmer and Ottenbreit-Leftwich, 2009). Levin and Wadmany (2006) also report
research findings that show a strong correlation between computer use and a
constructivist view of learning. Becker (2000, cited in Ertmer, 2005) tells us that
computers serve as a ‘“valuable and well-functioning instructional tool” (p. 29) in
those classrooms where teachers (a) have convenient access; (b) have adequate
preparation; (c¢) have some freedom within the curriculum; and (d) hold personal
beliefs aligned with constructivist pedagogy. An additional factor that must be
considered, which has also been reported earlier, is the need for adequate time.
Ertmer (2005) sates that it takes five to six years for teachers to accumulate enough
expertise to use technology in ways advocated by constructivist reform efforts (p.
27).

Nevertheless, as has been noted, barriers may exist that impede technology
implementation. Although traditional beliefs can pose a barrier, they are not the only
barrier. As a matter of fact, teachers with constructivist beliefs may resist technology
if certain barriers exist, such as lack of confidence in the availability of hardware or
software. Existing school standards and sanctioned practises can pose a formidable
barrier.

What is demonstrated in this chapter is that an appreciation of the inter-
connected nature of all three issues must be considered if we are to make other than

marginal gains in technology implementation within the educational system.
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3.5 How Logo Supports the Development of Mathematical Knowledge and

Understanding of Education
3.5.1 Introduction

Incorporating information and communication technology (ICT) into
mathematics teaching and learning is accomplished using the latest generation of
computation tools in order to make mathematical computations easier, more accurate
and faster, from counting aids to the abacus, to logarithms, to the slide rule, to the
pascaline (earliest mechanical calculating device) and, more recently, the change to
digital processing in the calculator and computer. Moreover, existing and emerging
ICT teaching tools, software and web sites provide further opportunities to support
and enhance mathematics teaching and learning.

The first emergence of information and communication technology tools was
the SMILE computer programs for mathematics teaching and learning in the mid-
1980s (Johnston-Wilder and Pimm, 2005). In 1997, the United States Department for
Education and Employment and National Council for Education Technology
(NCET) published a review of software for curriculum use; in their review of
mathematics — key stage 3 and 4 ages 11-14, years 7, 8 and 9; and ages 14- 16 years
10 and 11) (p. 35-38) they describe the following types of software: small computer
programs; programming languages (Logo); spreadsheets; graph plotting software;
computer algebra systems; dynamic geometry software; data handling software;
courseware; graphic calculators; CD-ROMs and the Internet as source data. The
Internet offers various opportunities such as allowing access to online mathematical
resources, using real-world mathematical applications and collaborative learning. It
also provides an interactive environment that promotes students’ conceptual

development and thinking by allowing students to manipulate mathematical systems,
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observe patterns, form conjectures, and validate findings (Ying-Shao, Yeong-Jing

and Guey-Fa, 2003; Glazer, 2004).

3.5.2 Logo Software and Mathematics

Logo computer language was first developed in 1966 by Seymour Papert, and
is currently available in various versions for Windows, Macintosh, and every major
brand of computer operating system. It is derived from LISP, the language of
artificial intelligence, and is designed and rooted in the constructivist educational
philosophy to support constructive learning. Papert, who was strongly influenced by
Jean Piaget, claims that in his own thinking he “placed a greater emphasis on two
dimensions implicit but not elaborated in Piaget’s own work: an interest in
intellectual structures that could develop as opposed to those that actually at present
do develop in the child, and the design of learning environments that are resonant
with them” (Papert, 1993. p.161), a context “where learners can become the active,
constructing architects of their own learning” (p.122). It is better to think of it as a
language for learning; a language that encourages students to explore, to learn, and to
think, a programming language that empowers students to construct their own
knowledge, hence the term constructivism. While Logo is not limited to any
particular topic or subject area, it can be a powerful tool for exploring and learning
mathematics (Papert, 1993; Clements and Sarama, 1997).

Logo provides a mathematical environment. The cursor, which is a turtle
graphic, provides a natural mathematical environment. Students move the cursor to
create graphic objects such as lines and curves or composite figures such as circles,
angles, and polygons on the screen. In addition, it is a language the student uses to
learn geometry or algebra or functions or fractals or other mathematical topic. Using

the Logo programming language enables students to think about the process
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involved in learning mathematics. This is important as it reduces the focus on the
mechanics of programming. Further, Logo provides an awareness of the structure of
mathematics. This helps students to think mathematically and give a formal
description language of mathematical concepts (Papert, 1993). To illustrate this,
when students use Logo they deliberately learn to imitate the turtle’s thinking by the
use of a descriptive language while at the same time they would be directed by Logo

to formalise their ideas in a descriptive mathematical language to solve the problem.

3.5.2.1 Description

Logo has been described as a programming language for constructing,
investigating, and analyzing mathematics. Students can generate interactive
mathematical representations ranging from basic explorations about shapes and
numbers to advanced simulations and animations of complex problems. Logo
provides a computational context in which mathematics takes place and it can
provide access to otherwise unattainable mathematical ideas (Hoyles and Noss
1989). There is no doubt that Logo is a powerful, extensible, and creative tool to be
used by the teachers in mathematics classrooms. It contains "powerful ideas in mind-
sized bites" (Papert, 1993, p. 135) and .... “it is much more than a programming
language, it is also a philosophy of education” (Goldberg, 1991, p. 68).

The benefits of interactive programming language software such as Logo
have been well documented. Murchie (1986), Clements and Sarama (1997), Bigge
and Shermis (1999), Lindroth (2006) all agree that Logo is rich in mathematical
context that enhances students’ interest and enthusiasm for meaningful intellectual
engagement, creates new opportunities to sharpen students’ thinking, increases

nonverbal reasoning and the conception of mathematical ideas, problem-solving

67



abilities, and supports learners in coming to understand a wide range of
mathematical concepts.

Logo provides an intellectual environment for thinking and epistemological
reflection. Further, it provides an opportunity for students to master deliberate
thinking as they proceed step-by-step to solve mathematical problems and learn. Jean
Piaget’s’ theory of constructivist epistemology, which is that learning is a
constructive process in which learners are the creators of their intellectual knowledge
through a personal interpretation of their experience with the environment around
them, provides the structural underpinnings for Logo. This can be linked to Papert’s
(1993) claim that Logo provides an:

“interactive learning environment where the prerequisites are

built into the system and where the learners can become the

active, constructing architects of their own learning” (p.122).

In addition, it offers another way for students to reflect on their action
thinking prior to starting to teach the turtle, how to act or think and engage in more
complex aspects of their own thinking, as well as self-referential discussion about
their own thinking along the way as they use the program to solve the problem.

In the process of working with Logo, a student determines how one idea is
connected to another idea. Students relate new concepts to existing concepts, moving
through self-chaining, assimilation and accommodation, and generating growth in
their intellectual development. Seymour Papert also claims that in learning to
program the computer, a learner also learns how his learning is achieved. Piaget's
Theory of Cognition suggests that the learner is the builder of his intellectual
structures. It seems therefore that the activity of programming in Logo could

accelerate and enhance this process.
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In their study, Yellend and Masters (1995) contend that when using Logo,
students and teachers become engaged in a learning context which is characterized
by exploration and investigation that is not possible without the technology. For
example, students’ use of Logo to write a recursion procedure for defining a spiral
may result in representing a spiral in an infinite number of ways. Variables in the
procedure can be manipulated to investigate the effects of the changes in the spiral,
as a result generates a new design of spiral which some of can be highly
sophisticated. Accordingly, this investigation’s context motivates the students to
experience algebraic and geometric thinking. By students seeing and interacting with
various shapes in a dynamical context wherein numerical and geometric thinking
intertwine with aesthetic this would promote their aesthetic qualities. Overall, this
enables students to have a liberating sense of the possibilities of doing a variety of
things that may have seen as hard to do in using paper-and-pencil either because of
labour, tiredness or failure to retain properties across objects thus failure in
representation.

Experiencing Logo allows students to externalize their intuitive expectations
and allows them to remodel them. Students, with Logo, would have the opportunity
to translate their intuition into a program and have the chance to visualize it;
consequently, their intuition becomes more noticeable and more accessible to
reflection. Hence, they have the chance to take up their computational ideas as
resources to the work of remodeling their intuitive knowledge; this would bridge the
gap between formal knowledge and intuitive understanding. This was affirmed by
Clements and Battista (1989, cited in Clements and Sarama, 1997):

“Logo experiences can help students to become cognizant of their

mathematical intuitions” (p. 3).
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Another aspect is the context of “syntonic learning”, a term which is
sometimes used with qualifiers that refer to kinds of syntonicity. The phrase was
introduced by Seymour Papert but derived from Sigmund Freud, the Austrian
neurologist and psychiatrist, who provided a description of individuals’ intuition or
ideas that are acceptable and compatible to his ego’s integrity and its demands
(Papert, 1993). For example, “body syntonic”” where students’ use of Logo
programming language to express ideas which are compatible with their own feeling
and knowledge about their own bodies to learn or “ego syntonic” to express ideas
which are compatible with their own experience of themselves as people with
intentions, goals, desires, likes and dislikes. As a result, the Logo context provides
the means for the learners to interact with and take it as a psychological system
rather than a physical one; a context that is characterized by a high degree of
emotional responsiveness that support different mathematical areas such as geometry
and algebra.

Logo can provide a concrete structure of procedures and visual images which
help students to create their own intellectual imagery for the concept of variable, for
example, and retain their acquired algebraic understanding based on the intellectual
imagery of previous algebraic concepts they have developed. Noss (1985; cited in
Clements and Sarama, 1997, p. 17) agree that with the use of Logo, students would
begin to construct a conceptual structure based on intuitions and primitive
conceptions of algebraic notion upon which they can build later algebraic learning;
this can illustrate an early strategy that can be seen as an initial stage of later
sophisticated mathematics algebraic understanding. A student’s difficulty in
accepting the fact that a letter in algebraic expression can represent a range of values

and different letters, as well as lack of closure in algebraic expression such as x* + 3"

70



might effectively be addressed in a Logo context where students appear to accept
these facts through use of simple procedure (Hoyles and Noss, 1992). Comparisons
between Logo and non-Logo students in a study by Barry-Joyce (2001) showed that
Logo students scored significantly higher on measures of problem solving, numeric
reasoning, problem-solving retention, and numeric-reasoning retention than the non-
Logo student group who received the same practical training of metacognitive skills
as Logo students but with the use of a spreadsheet program.

The call for appropriate pedagogical practise to improve learning about
geometry dates back to Plato’s Meno, written in 380 B.C.E. In spite of this long
tradition, much of the current interest in the improvement of teaching and learning of
geometry can be traced to the development of innovative computer software
environments designed to enhance various areas of mathematics, including
geometry. The National Council of Teachers of Mathematics (NCTM, 2004) calls
for geometry to be “learned using concrete models, drawings, and dynamic
software.” Karakirik & Durmus (2005) point out that “technology enables students to
visualize geometric concepts and relations in a more concrete sense” (p. 62). Using
Logo helps students to engage in inductive geometrical thinking, since they can
engage in exploring a context and have the chance to develop understanding from the
experience within mathematical situation. For example, using Logo to represent an
angle would require students to rotate the turtle; this rotation allows the student to
discover that 360 degrees is the largest meaningful rotation and that the shape of a
figure is determined by its angle size input (Papert, 1993). In addition, Papert argued
that experiencing with a Logo turtle enables students to “bring their knowledge about
their bodies and how they move into the work of learning formal geometry” (cited in

Hoyles and Noss, 1992, p. 101).
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Clements, Battista and Sarama (2001) describe the three major curriculum
goals of Logo, which are (1) to help students achieve higher levels of geometric
thinking; (2) learn major geometric concepts and skills; and (3) develop power and
beliefs in mathematical problem solving and reasoning. Papert (1993) argues that
Logo programming language is a potential catalyst of peer interaction and
collaboration. Interaction with other students who have greater skills in mathematics
may lead to improved cognitive skills within a student’s zone of proximal
development (ZPD). Vygotsky (1978) explained ZPD as the difference between
actual development levels as determined by independent problem solving and the
level of potential development as determined through problem solving under adult
guidance or in collaboration with more capable peers (Slavin, 1995; Schunk, 2004).
A student who has a stronger understanding of mathematics may serve as a model
for other group members. Then he can monitor other group members’ reading to
assist them.

Logo is interactive in that programming syntax is immediately interpreted.
Hence, feedback is not delayed and is often useful. The immediate non-judgmental
visual feedback support encourages and helps students to make their own conjecture,
test out and modify their thoughts, and that increases the exploration ability and
opportunity to teach and students to learn something new (Goldstone et al., 1996).
Norte et al. (2005, p. 172) suggest that Logo can be beneficial and offers the ability
to improve the daily life of disabled people in learning environments. Brous (1995)
concurs that Logo’s user-friendly language, interactive programming and procedural
description provides a productive milieu for the learning disabled child. Brous states
further that in its design it has the potential for isolating the difficulties which the

learning disabled child frequently manifests in assimilating and using new learning.
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In spite of the many positive assertions about Logo, it is not without
detractors. Clements and Sarama (1997) noted that not all research has been positive.
For instance, few studies report that students “master” the mathematical concepts
and, without guidance, misconceptions can persist. Clements and Sarama also cite
Johnson’s (1986) findings that some studies show no significant differences between
Logo and control groups. It was also noted that following participation in Logo,
limited transfer of skills was achieved on subsequent geometry tests and grades. The
authors summarize with these thoughts, “studies that have shown the most positive
effects involve carefully planned sequences of Logo activities. Teacher mediation of
students’ work with those activities is necessary for successful construction of
geometric concepts” (website).

Sinclair and Jackiw (cited in Johnston-Wilder and Pimm, 2005) are of the
opinion that ICT tools such as Logo “appear to have achieved individual learning
experiences at the cost of neglecting classroom practice, teacher habits and beliefs,
as well as the influence of the curriculum, by imposing entirely new and perhaps
inappropriate classroom practices (p. 238). Further, the authors report that others
have criticized the fact that Logo is not sufficiently transparent in relation to
mathematics and the school; for example, the Logo computer screen, which bears
little relation to a traditional geometry textbook, serves “to emphasize the difficulties
many teachers find in bridging first-wave technologies (such as Logo) in their
teaching practice” (p. 238). They did concede that following inclusion in the UK
mathematics national curriculum, “Logo was able to push classroom practice to
evolve, at least in part, towards its singular vision of mathematics learning, although

neither as rapidly nor as radically as some had hoped” (p.239).
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It should be noted that Sinclair and Jackiw did not specify what kind of
preparation the UK teachers received in order to prepare them to incorporate L.ogo in
their teaching practise, and whether that preparation took into account supporting the
teachers beyond simply being trained in the use of the software. Stevens et al. (2008)
commented a few years later that workshops typically aimed to increase teachers’
knowledge about the topic under consideration; however, teachers’ belief in their
ability to actually use that knowledge, or self-efficacy, was not well developed (p.
212). They felt that external demands placed on teachers to take training didn’t
necessarily result in the motivation or self-determination to add that new knowledge
into their teaching. The authors described Logo workshops that were specifically
developed to use a more embracive approach: (1) train the teachers in using Logo
software; (2) gradually increase the teachers’ confidence in their ability to use Logo;
and (3) encourage and motivate teachers to actually use Logo in their teaching (p.
215). The authors’ findings revealed that Logo workshops administered using the
three-pronged approach was effective in building self-efficacy and self-
determination. Further, the teachers who took the workshops indicated that their
students benefitted too. The authors did concede that the small sample size (N=15)
was a limitation in their study; nevertheless, they felt confident in stating that their
findings suggest that teachers need ample time in order to believe that they can use
new knowledge effectively, in particular because teachers are aware that changes
they make in their teaching have important implications in the lives of their students.
This study, which was directed at Logo, emphasizes again the message delivered
earlier in this chapter: teachers’ beliefs must also be considered as an integral

component when ICT is to be added to the curriculum.
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Agalianos, Noss and Whitty (2001), who reported on the place that Logo
occupied within the US and UK organizational and institutional cultures following
its introduction in the 1980s, also warrant mention here. The authors do not focus on
inherent weaknesses in Logo; rather, they report that Logo ‘was implicated in the
politics of educational innovation at a time of conservative restoration” (p. 479).
According to the authors, Logo was utilised in different ways in different schools as
well as within the classrooms, and very different results were realized. Reaction to
Logo ran the gamut from enthusiasm and commitment to complete resistance and
rejection. Their reactions depended a great deal upon the culture of the school
environment in which it was introduced. To many educators Logo was seen as “a
substantial threat to the stability of educational institutions” (p. 485). Logo called for
innovation that went contrary to the routine that was currently in place in the
majority of mainstream schools. Teachers’ authority and control were threatened. In
addition, “Logo presented a challenge to the traditional fragmentation of knowledge
into separate subjects and to traditional assumptions about ‘worthwhile knowledge’,
‘good students’, ‘effective teaching’, and ‘excellent results’ ... Logo set off a range
of culture classes” (p. 488). As shown in this dissertation, implementation of
technology must be a holistic endeavor; attending to attitudes and beliefs are an
equally important component of any change.

It is my opinion that Logo can make a significant difference in the teaching
and learning of mathematics and students’ understanding of mathematical concepts,
based on personal experience, as well as the arguments given earlier in this chapter.
This educational programming language provides a dynamic context for
constructing, investigating, and analyzing mathematics, thus empowering students to

construct their own knowledge. It is the language that helps bridge the gap between
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formal knowledge and intuitive understanding. Moreover, in my experience as a
mathematics and ICT teacher, I believe Logo can contribute significantly in teaching
mathematics and in students’ learning of mathematics, in particular for Kuwaiti
students who up to this time have had little exposure to ICT as an adjunct to teaching

and learning.

3.6  Summary

This chapter reviewed the literature about teachers’ beliefs, including their
beliefs about the nature of mathematics education and ICT. Next, the chapter looked
at the topic of constructivism. In particular, the theories of these two constructivist
researchers were discussed: Jean Piaget’s theory of cognitive constructivism and Lev
S. Vygotsky’s theory of social constructivism. Their constructivist theories were
compared, and the manner in which constructivism relates to mathematics education
discussed. The chapter concluded with a discussion of how Logo supports the
development of mathematical knowledge and understanding of education. This
combined body of research formed the underpinnings that were used to inform the
remaining chapters of this study.

The next chapter delineates the research design and methodology employed

in this study.
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CHAPTER 4
RESEARCH DESIGN AND METHODOLOGY

4.1 Introduction

The aim of this chapter is to illuminate the methodology used to conduct this
research. This chapter contains the following sections: the research design, the
rationale for choice of the research methods, the study participants, data collection
instruments, study field procedures, and the procedures followed in the statistical

analysis of the data collected.

4.2  The Research Design

Each study will have its own constraints which, in turn, may drive the
researcher towards a given paradigm and methodology. However, this study’s
questions and constraints did not lead to a definitive paradigm. Rather, elements of
both case study and action research paradigms combined to synergize the study.

It could be argued that treating the cohort of trainee teachers as a single
entity draws on the case study paradigm. Yin (1984) described the case study as an
empirical approach that allows investigation of contemporary phenomena within its
real-life context and where multiple sources of evidence are to be used (p. 23). Yin
(2003) later offered these applications for a case study model: (1) To explain the
presumed causal links in real-life interventions that are too complex for survey or
experimental strategies; (2) To describe the real-life context in which the
intervention has occurred; (3) To illustrate certain topics with an evaluation; (4) To
explore those situations in which the intervention being evaluated has no clear set of

outcomes (p.15). Each of these applies to this study.
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However, an equally compelling case can be made for action or practitioner
research. This methodology is sometimes seen as being about the development of
practise. Hammersley (2007) states, “Action research is a form of research carried
out by practitioners into their own practices” (p. 167). The author states further,
“Knowledge achieved in this way (action research) informs and refines both specific
planning in relation to the practice being considered and the practitioner’s general
practical theory” (p. 173). Action research is also sometimes seen as being about the
creation of new knowledge. Reason and Bradbury (2008) provide the working
definition that action research is “a participatory, democratic process concerned with
developing practical knowing in the pursuit of worthwhile human purposes,
grounded in a participatory worldview” (p. 1)

Action research is often associated with insider researchers. Ferrance (2000)
states that action research “specifically refers to a disciplined inquiry done by a
teacher with the intent that the research will inform and change his or her practises in
the future. This research is carried out within the context of the teacher’s
environment—that is, with the students and at the school in which the teacher
works—on questions that deal with educational matters at hand” (p. 1). McNiff,
Lomax and Whitehead (1996) begin with the simple definition that “practitioner
research simply means that the research is done by individuals themselves into their
own practice” (p. 8).

However, action research is actually more expansive than this. Ferrance adds,
“While a teacher may work alone on these studies, it is also common for a number of
teachers to collaborate on a problem, as well as enlist support and guidance from
administrators, university scholars, and others” (p. 2). McNiff, Lomax and

Whitehead also describe situations which are embedded in the action research
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paradigm where the research is manifestly outside of the organisation. These authors
clearly describe situations, similar to the context of the research in this study, where
external researchers undertake teaching in places where they are not members of
staff, in order to pursue research questions relevant to that institution. In this instance
McNiff described how as an external facilitator she worked in a school with a group
of teachers and parents, jointly exploring the topic of a code of behaviour for the
home-school community (p. 8). McNiff concludes with the statement that “action
research involves many people other than the researcher, and the way in which these
people are involved is crucial for the methodology” (p.11). Phelps and Graham
(2010) observe that the “definitions, interpretations and the implementation of action
research can be as diverse and variant as those embracing and participating in it” (p.
3).

The research study was certainly empirical, involved contemporary
phenomena in its real life context, developed practise and had the intended aim of
creating new knowledge. The researcher was not a member of the institution in
which the study was carried out but served as a teacher who was responsible for
teaching the Logo module. With this in mind the author would argue that the study
resided within the action research paradigm with an external researcher.

The researcher employed mixed methods, both quantitative and qualitative,
to explore the beliefs of the study participants, who were mathematics student-
teachers enrolled in the Methods of Teaching Mathematics course (College of Basic
Education, The Public Authority for Applied Education and Training (PAAET) State
of Kuwait) that incorporated a 24-session non-compulsory non-credit bearing Logo
module concerning (a) the nature of mathematics, (b) the learning of mathematics,

(c) the teaching of mathematics (d) the use of Logo programming language as an
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ICT tool for cognitive learning and (e) the use of information and communication
technology (ICT). To inquire about the student-teachers’ beliefs, Likert-type scale
questionnaires (quantitative method) were administered as a pre-test and post-test.
Data gathered from the questionnaires were analyzed quantitatively, as discussed
fully in Section 4.7. In addition, to find out about the student-teachers’ beliefs in
more depth, semi-structured interviews (qualitative method) were conducted prior to
and following the Logo module. Data gathered from qualitative methods were
analyzed qualitatively, as discussed fully in section 4.8, by analysing themes and
issues. Since a mixed methods research design was used to collect and analyze the
data, this chapter begins with a discussion about aspects of mixed methods in
general, and the rationale for using such a design in this study.

Mixed methods research is a general type of research in which the researcher
“focuses on collecting and analyzing both quantitative and qualitative data in a single
study” (Creswell, 2003, p. 210). For example, the researcher might conduct a
questionnaire (quantitative data) and following that conduct a series of interviews
(qualitative data) with a small number of participants. Use of this approach by
researchers goes back to early 1959 and is referred to in the literature with various
terminologies such as: “multitrait-multimethod research, integrating qualitative and
quantitative approaches, interrelating qualitative and quantitative data,
multimethodological triangulation, multimethodological research, multimethods
design and linking qualitative and quantitative data, combining qualitative and
quantitative research, and mixed methods research” (Creswell et. al, 2003 cited in
Tashakkori and Teddlie, 2003, p.165). The essential principle of this design is that
combining quantitative and qualitative methods provides better understanding of the

research problem under study (Creswell and Plano Clark, 2007) by expanding the
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study’s scope or breadth to neutralize some disadvantages of either approach alone
(Tashakkori and Teddlie, 2003; also Driscoll et al., 2007, p. 19, who cite Blake,
1989; Greene, Caracelli, and Graham, 1989; and Rossman and Wilson, 1991). For
example, on one hand, the detail of qualitative data can provide insights not available
through a general quantitative questionnaire. On the other hand, quantitative
questionnaire coverage for a large targeted population allows the researcher to draw
generalizations about the wider population, while a qualitative approach would not
enable the same generalizations because of the small targeted number of the
individuals or groups being studied. Since all methods have weaknesses, it is obvious
that, with mixed methods, the strengths of one method potentially neutralize the
weakness of the other method, and vice versa. Similarly, results of precise,
instrumental-based measurements may be augmented by contextual, field-based
information (Greene and Caracelli, 1997, cited in Hanson et. al., 2005).

There are a variety of classifications metrics by which mixed methods research
designs can be described. These classifications are distinguished by: (a)
Implementation: the sequence used to collect both quantitative and qualitative data,
such as whether the option of data collection consists of gathering the information at
the same time, that is, concurrently or over a period of time, that is, sequentially; (b)
Priority: the level of priority given to the quantitative or qualitative phase as it occurs
throughout the data collection process; and (c) Stage of Integration: refers to the
stage in the process of research procedure (such as data collection, analysis) in which
the quantitative and qualitative data are combined (Creswell, Fetters and Ivankova,
2004; Creswell et al., 2003, cited in Tashakkori and Teddlie, 2003). Johnson and
Onwuegbuzie (2004) have cited several researchers (Creswell, 1999; Morgan, 1998;

Morse, 1991; Patton, 1990; and Tashakkori and Teddlie, 1998) who have developed
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several different metrics to develop mixed methods designs to study the investigated
phenomenon. Johnson and Onwuegbuzie point out that in spite of the number of
researchers who have addressed the issue, as of yet there is no precise list of mixed
methods design; therefore, researchers should mindfully plan to develop a design

that effectively answers their underlying research questions.

4.3  Rationale for Choice of Research Methods

There has been substantial debate between researchers and scholars about the
respective merits of the two most well known research methodologies, namely
quantitative research and qualitative research (Cohen, Manion and Morrison, 2007;
Burns, 2000). Some researchers and scholars consider that qualitative research is
best employed for discovering themes and relationships at the case level and that
quantitative research is best employed for validating those themes and relationships
in samples and populations. From this perspective, qualitative research takes part in
the “discovery role,” while quantitative research supports the “confirmatory role”
(Gall, Borg and Gall, 1996, p. 29). In addition, some quantitative researchers and
scholars criticise qualitative research for being less rigorous, unrepresentative,
unreliable, and subjective; conversely, some qualitative researchers and scholars
consider quantitative research superficially rigorous and lacking validity (Glaser and
Strauss, 1999; Fry, Chantavanich and Chantavanich, 1981). The methodology used
in the research is not usually determined by the researcher’s own philosophical
preferences but by the nature of the phenomenon being studied and the related
research questions (Bell, 2005). Hammersley(1992; cited in Silverman, 2010, p. 14)
goes further and states, “We are not faced then with a stark choice between words or
numbers, or even between precise and imprecise data; but rather with a range from

more to less precise data. Furthermore, our decisions about what level of precision is
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appropriate in relation to any particular claim should depend on the nature of what
we are trying to describe, on the likely accuracy of our descriptions, on our purposes,
and on the resources available to us, not on ideological commitment to one
methodological paradigm or another.”

Each research, either quantitative or qualitative, has its own specific approach
to collect and analyse the data of the phenomenon being studied; consequently, each
method has its own advantages and disadvantages, and each has been seen to be
suitable for a particular context. However, in this study the researcher felt that both
quantitative and qualitative research methods of data collection would play a
valuable role in educational research and no single research method was essentially
more suitable than any other method because “both approaches (i.e., quantitative and
qualitative), have helped educational researchers make important discoveries (about
the researched phenomenon)” (Gall, Borg and Gall, 1996, p. 32). Many researchers
currently advocate the employment of both quantitative and qualitative research
methods within one study (Creswell, 1994; Strauss and Corbine, 1998). Walker
(1985; cited in Kervin et al., 2006, p.39) states, “Certain questions cannot be
answered by quantitative methods, while others cannot be answered by qualitative
ones.” Turning to Strauss and Corbine, one finds that the combination of methods
may be done for various reasons; for example, “supplementary, complementary
informational and developmental” (p. 28). Besides, Creswell (1994) stated that a
combination of methods is effective for the purpose of triangulating or converging
the research findings, elaborating on results, using one method to inform another,
discovering paradox or contradictions, and extending the breadth of the inquiry (p.
185). Merton and Kendall (1946, cited in Cohen, Manion and Morrison, 2007)

believed in “a combination of both which makes use of the most valuable feature of
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each” (p. 45). In addition, this combining provides what Kaplan and Duchon (1988,
p. 575) referred to as a “richer, contextual basis” for analysing and validating the
study results, as well as “breadth” and “depth” in order for its results be grasped
(Schulze, 2003, p. 12). The many findings in favour of mixed methods lent support
to employing it as the research design for this study. Nevertheless, the notion of
merging quantitative and qualitative data within a single study required that the
researcher develop an in-depth understanding of all potential ramifications of mixed
methods research. Consequently, the pros and cons of mixed methods research are

described in some detail below.

4.3.1 Mixed Methods Research: Pros

Driscoll et al., (2007) state that through concurrent design “the collection and
analysis of embedded qualitative responses can augment and explain complex or
contradictory survey responses” (p. 24). Further, the authors cite another opportunity
afforded by sequential design. “The collection and analysis of structured survey and
open-ended key informant interviews in an iterative analytic process can provide
important information on emergent and unexpected themes” (p. 24).

Support for the mixed methods approach can also be found on the British
Educational Research Association website (BERA, 2009): “Combining methods can
provide some corroboration or offer fuller understanding than can be achieved
through a single method. Similarly, if unexplained or inconsistent findings begin to
emerge in data collected by one method, introducing a second method may help to
clarify the situation.” Johnson and Onwuegbuzie (2004, p. 21) concisely present their
support in a bulleted list which is reproduced in adapted form below:

e  Words, pictures, and narrative can be used to add meaning to numbers.
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e Numbers can be used to add precision to words, pictures, and narrative.

¢ This approach can provide quantitative and qualitative research strengths
(e.g. quantitative methods allow the researcher to construct a situation that
eliminates the confounding influence of many variables, allowing one to
more credibly assess cause-and-effect relationships. Qualitative methods can
describe, in rich detail, phenomena as they are situated and embedded in local
contexts).

e The researcher can generate and test a grounded theory.

e A broader and more complete range of research questions can be answered
because the researcher is not confined to a single method or approach.

e A researcher can use the strengths of an additional method to overcome the
weaknesses in another method by using both in a research study (this is the
principle of complementarity)

e Stronger evidence can be provided for a conclusion through convergence and
corroboration of findings (this is the principle of triangulation).

¢ Further insights and understanding can be added, that might be missed when
only a single method is used.

e The generalizabilty of the results can potentially be increased.

e (Qualitative and quantitative research used together produces more complete

knowledge necessary to inform theory and practise..

4.3.2 Mixed Methods Research: Cons
In spite of all the support offered for employing mixed methods research,
weaknesses may also exist. Johnson and Onwuegbuzie (2004) offer the following

potential weaknesses:
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e [t can be difficult for a single researcher to carry out both qualitative and
quantitative research, especially if two or more approaches are expected to be
done concurrently (i.e., it might require a research team).

e The researcher has to learn about multiple methods and approaches and
understand how to appropriately mix them.

e Methodological purists contend that one should always work within either a
qualitative or a quantitative paradigm.

e [t is more expensive.

e [t is more time consuming.

e Some of the details of mixed research remain to be fully worked out by
research methodologists (e.g., problems of paradigm mixing, how to

qualitatively analyze quantitative data, how to interpret conflicting results.

Driscoll et al. (2007) also voice concerns about disadvantages. They cite the
concern commonly raised by qualitative researchers, which is the “loss of depth and
flexibility that occurs when qualitative data are quantitized” (p. 25).

In summary, after reviewing the current research both in support of and in
opposition to mixed methods research, the researcher came to the conclusion that
this research study would be enriched through the utilisation of a mixed methods
research design. Data were collected prior to and following administration of the
Logo module using a sequential mixed methods strategy. The quantitative method
(questionnaires) was used first to collect data, followed by the qualitative method
(semi-structured interviews). The advantage of combining quantitative and
qualitative methods was that it enabled the researcher to make use of the most

valuable features, breadth and depth, of each method and develop a comprehensive
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knowledge base and understanding of the inquiry (student-teachers’ beliefs) that may
not have been possible to attain if a single method was used. “Collecting different
kinds of data by different methods ... provides a wider range of coverage that may
result in a fuller picture of the item (concept) under study than would have been
achieved otherwise” (Bonoma, 1985; cited in Esteves and Pastor, 2004, p. 73).
Finally, triangulation of the research findings could provide further corroboration of
the results. The drawback for the researcher of the need for extensive data collection
(i.e., numerical and text), and additional intensive time and work imposed by
analysis of multiple methods, was more than warranted by the additional insight it

might yield.

4.4  The Study Participants

Participants for this study consisted of thirty-two (32) Kuwaiti mathematics
student-teachers registered during the Fall semester 2007 in a Methods of Teaching
Mathematics course that incorporated a 24-session non-compulsory non-credit
bearing Logo module at the College of Basic Education, The Public Authority for
Applied Education and Training (PAAET), State of Kuwait. All thirty-two (32)
students-teachers were female since the course was discontinued for male students
after a new education law (MOE, 1994) changed the teaching system in Kuwait
elementary schools. According to the new regulation, boys and girls in elementary
school are to be taught by female teachers; previously, there were female teachers for
girls’ schools and male teachers for boys’ schools. Therefore, the College of Basic
Education made a decision to stop teaching the mathematics discipline for male

students because the Ministry of Education would no longer recruit male teachers.
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4.5  Data Collection Instruments

Two data collection instruments were used to collect the data: a beliefs
questionnaire, which yielded data that the researcher analyzed quantitatively, and a
semi-structured interview, which yielded data that the researcher analyzed
qualitatively. Findings supportive of the mixed methods approach, described above,
provided confidence that these two methods combined would help the researcher to
achieve an accurate picture, and in light of the discussion in Section 4.3, these
instruments appeared to be the most suitable and practical to use for this research.
The aim of using questionnaires and interviews was to explore student-teachers
beliefs involved in this study.

A questionnaire was chosen as one of the research tools because its layout
enabled the questions to be divided into categories for subsequent data analysis, the
questionnaire format supported asking a large number of closed-ended beliefs
questions, and could be used to cover a large number participants. Besides, selection
of a semi-structured interview as a second research tool was found suitable to enable
the researcher to probe more deeply with individual questionnaire respondents based
on the category into which they fell: expressed mainly traditional beliefs, expressed
mainly constructivist beliefs, or expressed a mixture of both beliefs. The semi-
structured interview enabled additional information to be elicited from some of the
participants about their beliefs, opinions, and future classroom practise, which they

were better able to explain during an interview.

4.5.1 The Beliefs Questionnaire
Questionnaires are possibly one of the most frequently used instruments in
educational research. A questionnaire is “a list of questions to be asked by the

researcher” (McNeill, 1985, p. 20), and an instrument that “can be used to obtain
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information concerning facts, beliefs, feelings, intensions and so on” (Ary, Jacobs,
and Razavieh, 1979, p. 173). Westat (2002) also notes that a questionnaire at spaced
intervals of time allows researchers to quantify changes in human behaviour and
beliefs. For example, questionnaires can be used as a pre-test prior to the inquiry and
as a post-test following inquiry completion to examine the modified changes in
participants’ beliefs or attitudes.

The merits of using questionnaires rather than interviews as a means of
gathering data have been pointed out by a number of researchers. According to
Denscombe (2006), questionnaires are more certain and more objective than
interviews because of the standardised way in which the responses are gathered.
Denscombe further believes that questionnaire findings in number form enable the
researcher to present confident results with statistically significant outcomes that can
be presented as tables and graphs. As Denscombe states, “It conveys a sense of solid,
objective research” (p. 236). Questionnaires also provide both time- and fiscally-
efficient ways to reach a large audience. A further advantage over interviews is that
the questionnaire respondent is able to reply without face-to-face interaction with the
questionnaire administrator. As Denscombe points out, this context reduces pressure
on the respondent for an immediate and often socially acceptable answer and enables
them to have some time to think before answering a question (p. 236).

However, questionnaire disadvantages also exist. For instance, they may not
be suitable when complex replies are warranted. Bell (2005) emphasizes the need to
avoid confusion and be careful of assumptions. Bell warns, “if respondents are
confused, irritated or even offended, they may leave the item blank or even abandon
the questionnaire” (p. 140). Good design and unambiguous language are critical.

Since the researcher is not actually present to answer questions and clear up
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misunderstandings, the same questions may have a variety of meanings for different
people. Lastly, low questionnaire return rate is also a distinct possibility and the
number of returned questionnaires may be too low to permit a valid study.

The beliefs questionnaire used in this research, which is included in
Appendix E, aimed to explore and identify mathematics student-teachers’ beliefs.
Anonymity was not desired of the student-teachers who completed the questionnaire
since some respondents would be selected to participate in a follow-up semi-
structured interview based on the responses they supplied in the beliefs
questionnaire. The criteria by which the respondents were categorized were: student-
teachers who mainly showed traditional beliefs, student-teachers who mainly showed
constructivist beliefs, student-teachers who mainly showed a mixture of traditional
and constructivist beliefs. Two student-teachers were randomly selected from each of
these three groups, for a total of six students who would later participate in semi-
structured interviews. The main reason for selecting six (6) student-teachers for the
semi-structured interview was based on the fact that this number provided a

representative sample of the overall 32 participants.

4.5.1.1 Developing the Beliefs Questionnaire

After identifying the study’s aims and deciding which aspects needed
exploration, subsequent steps were to review the related literature concerning the
type and structure of questions that would be asked, as well as the questionnaire
layout. Research textbooks were reviewed (e.g. Bell, 2005; Cohen, Manion and
Morrison, 2007) for more information concerning the process for designing and
administering questionnaires. In addition, various studies using belief questionnaires

that explored beliefs or discussed issues on the nature of mathematics, the teaching
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and learning of mathematics, and the use of ICT and Logo programming language
such as Ernest (1988, 1989, 1991, 1996); Hoyles and Noss (1992); Thompson
(1992); Papert (1993); Clements, Battista and Sarama (2001); Goos and Bennison
(2002); Hart (2002); Becta (2003); Quillen (2004); Jones (2005); Seaman et al.
(2005); and Barton and Haydn (2006) were reviewed in order to increase the
researcher’s fund of knowledge about administering questionnaires on these topics.
Following this, the researcher developed a questionnaire consisting of five sections
of closed structured belief questions with a 5-point Likert scale. All questions on the
questionnaire were developed by the researcher, with some questions originally
created, and some modifications of the reviewed questions. The questionnaire was
administered as a pre-test prior to the Logo module, and as a post-test following
completion of the Logo module, to explore student-teachers’ beliefs.

The five sections of the questionnaire focused on the student-teachers’ beliefs
on (1) the nature of mathematics, (2) the teaching of mathematics, (3) the learning of
mathematics, (4) Logo programming language as a tool for the teaching and learning
of mathematics, and (5) information and communication technology (ICT). Of these
five sections, sections 1-3 were divided into two implicit subsections, namely
“Constructivist” and “Traditional,” in order to elicit participants’ beliefs on these two
educational trends. The following illustrates the main titles of the first three sections
and their structures:

¢ Nature of Mathematics (20 questions): 10 questions (1, 3,5, 7,9, 13, 14, 16,

17 and 19) that described the nature of mathematics from the constructivist

perspective; and 10 (2, 4, 6, 8, 10, 11, 12, 15, 18 and 20) that described the

nature of mathematics from the traditional perspective.
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e Teaching of Mathematics (20 questions): 10 questions (3, 5, 6,7, 9, 10, 11,
15, 18 and 19) that described the nature of mathematics from the
constructivist perspective; and 10 (1, 2, 4, 8, 12, 13, 14, 16, 17, and 20) that
described the nature of mathematics from the traditional perspective.
¢ Learning of Mathematics (21 questions): 10 questions (2, 3, 5, 6, 7, 8, 10, 11,
17 and 20) that described the nature of mathematics from the constructivist
perspective; and 11 (1,4, 9, 12, 13, 14, 15, 16, 18, 19 and 21) that described
the nature of mathematics from the traditional perspective.
Sections 4 and 5 consisted of 26 questions and 24 questions, respectively,
(with no subsections). The aim of these sections was to explore student-teachers
beliefs about using Logo and ICT in the teaching and learning of mathematics:
e Section 4 was entitled Logo Programme Language, and
e Section 5 was entitled Information and Communication Technology (ICT).
For each question, student-teachers were asked to identify on the Likert scale
the level to which their beliefs about the section were consistent with each statement.
The Likert scale that was used employed five (5) choices of different degrees of
agreement or disagreement: 1 = Strongly disagree; 2 = Disagree; 3 = Undecided; 4 =
Agree; 5 = Strongly agree. In discussing the Likert-type format, Lozano, Garcia-
Cueto and Muiiiz (2008) report “there is no definitive agreement on the number of
response categories that optimizes the psychometric properties of the scales” (p. 73).
Their research findings suggested the optimum number of response options to be
between four and seven. However, when choosing the appropriate number of
response alternatives, they caution that it is “advisable to complement the
psychometric criterion with consideration of the particular characteristics of the

sample in question” (p. 78) in order not to exceed the subject’s discriminatory
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capacity. Based on this, in consideration of the large number of survey questions
(111) the researcher chose to use a semantic differential of five choices. In addition,
it was essential to use Undecided as a choice since student-teachers were not
experienced in the use of either the Logo programming language or ICT as tools for
the teaching and learning of mathematics, and may not have held another opinion.
The total number of questions within the questionnaire was one hundred and eleven
(111) questions divided into five sections, with each section consisting of a specific
topic. The number of sections necessitated a lengthy questionnaire; however, its
division into multiple topics enabled the participants to complete a section and then
advance to the next section, relieving the tedium of a single string of questions.
Following the development of the beliefs questionnaire draft, the next step was to
examine to what extent it was valid and reliable before the final version of the

questionnaire was developed.

4.5.1.2 Beliefs Questionnaire Validity and Reliability

Bell (2005) argued that an item or question is valid if it “measures or
describes what it is supposed to measure or describe” (p.117). Bell acknowledges
that this statement is vague and leaves unanswered questions; however, Sapford and
Jupp (1996) pointed to a more precise definition of validity to “mean the design of
research to provide credible conclusions: whether the evidence which the research
offers can bear the weight of the interpretation that is put on it” (p.1).

A questionnaire that does not gather valid data does not allow the researcher
to address the research problem being studied (Sheatsley, 1983; cited in Bork and
Francis, 1985). Therefore, assessing validity of the questionnaire was done through

its content validity. The validity of the content was assessed through email and face-
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to-face consultation with the researcher’s supervisors and colleagues. The questions
were checked to ensure that they measured the various concepts that needed
exploration in the study. This process was followed because “content validity is most
often determined on the basis of expert judgment” (Burns, 2000, p.352). Reliability
and validity are discussed in more detail in the validity and reliability of the Semi-
Structured Interview section below.

Hammersley (1992; cited in Silverman, 2010) defines reliability as “the
degree of consistency with which instances (such as administering a questionnaire)
are assigned to the same category by different observers (researchers) or by the same
observer (researcher) on different occasions” (p.275) and, hence, confirms the
consistency of the questionnaire as a measurement instrument (Brislin, 2000).
Assessing reliability of the questionnaire was done using SPSS Cronbach’s
Coefficient Alpha function during the pilot study.

According to Reynaldo and Santos (1999; cited in Turner, 2007), “When you
have a variable generated from such a set of questions that return a stable response,
then your variable is said to be reliable. Cronbach’s alpha is an index of reliability
associated with the variation accounted for by the true score of the ‘underlying
construct.” Alpha coefficient ranges in value from 0 to 1 and may be used to describe
the reliability factors extracted from dichotomous (that is, questions with two
possible answers) and/or multi-point formatted questionnaires or scales (i.e. rating
scale). The higher the score, the more reliable the generated scale is. Nunnally
(1978) has indicated 0.7 to be an accepted reliability coefficient but lower thresholds
are sometimes used in literature” (p. 70). For this study, a value of 0 .7 or above was

established as an acceptable reliability coefficient.
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The final draft of the beliefs questionnaire was written in English and
checked by the researcher’s supervisors for spelling, grammar, question validity and
cultural validity. Cultural validity issues include commonly used English idiomatic
expressions, jargon, colloquial phrases and word meanings which can affect validity,
according to McDermott and Plachanes (1994, p. 113). Bracken and Barona (1991)
add that in addition to the source language (English), cultural bias potential within
the target language (language to be translated to) must also be considered.

When all comments and suggestions were incorporated, the final beliefs

questionnaire was ready for translation.

4.5.1.3 Translating the Beliefs Questionnaire

Since the study was conducted in the State of Kuwait where the official
language is Arabic, it was essential to translate the beliefs questionnaire into Arabic.
Translation validity is a crucial process. Mertens (1997) emphasises the concept of
equivalence; that is, the necessity for the translated materials (such as a questionnaire
or interview) to reflect all the concepts of the wording items in the original materials
(questionnaire or interview).

To determine the validity of the translated beliefs questionnaire, a “back-
translation” (Brislin, 2000, p. 79) procedure was followed. Chen, Snyder and
Krichbaum (2002, p. 620) called back translation “the most commonly used
procedure for verifying the translation of an instrument and is recommended by
many researchers (Brislin, 1970; Chapman and Carter, 1979; Werner and Campbell,
1970).” Brislin (1970) provided a foundation for testing the translation equivalence
of quantitative measures in 1970 when he outlined a seven-step procedure to help

researchers provide adequate translation from English to other languages. The steps
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included (1) Write in a form that can be easily translated. Use simple sentences and
add redundancy when presenting terms that can be difficult to translate across
languages; (2) Use competent translators who have familiarity with the content of the
material to be translated; (3) Use one bilingual translator to translate from the source
to the target language, and use another to blindly translate back from the target to the
source; (4) Use raters to examine for errors the original, target and/or back-translated
versions. If errors are found, repeat step 3, making changes in the original source
language if necessary. Dismiss or retain translators based on errors; (5) When no
meaning errors are found, pretest the translated materials on target language subjects,
and be prepared to make further revisions based on pretest results; (6) Administer
both source-language and target-language versions to bilingual subjects, with some
subjects receiving the source-language version, some the target-language version,
and some receiving both versions. Similar responses should be found across groups,
with similar means, standard deviations, and correlation coefficients; (7) Compare
the results of the step 5 pretest and the more lengthy process outlined in step 6. (p.
214).

A number of studies reported achieving statistically valid results using three or
more of Brislin’s recommended transaction steps (Hansen and Fouad, 1984; Bracken
and Fouad, 1987; and McDermott and Palchanes, 1992; cited in McDermott and
Palchanes, 1994).

In this study, the beliefs questionnaire was first translated into Arabic by a
bilingual graduate student who is a native Arabic speaker. Then, the Arabic version
was translated into English by a bilingual professor at the College of Basic
Education, and compared with the original English version in order to check whether

the Arabic version had the translation content equivalency. After checking the
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translation content equivalency, which showed compatibility between the Arabic
version and English version contents, translation validity for the Arabic version was
attained, and the Arabic version beliefs questionnaire was ready for the pilot study

stage.

4.5.1.4 The Pilot Study of the Beliefs Questionnaire

Conducting a pilot study of a questionnaire is a crucial procedure before
developing the final questionnaire version. Its main objective is to determine the
unambiguous character of the questionnaire. Cohen, Manion and Morrison (2007)
considered a pilot study of a questionnaire as a process to test the clarity of language,
validity and reliability, as well as to measure the required time for completion. This
provides the researcher the opportunity to find out the appropriateness and
practicality of the questionnaire and help him or her to improve it through clarifying
any ambiguities. According to MacNeill (1985) “this stage of questionnaire-based
research should never be omitted. In it, the researcher tries out the questionnaire on a
number of people who are similar to those who will be investigated in the actual
research. Any problems with the drafting, and perhaps the layout, of the
questionnaire should show up at this stage and can be corrected before the real
investigation starts” (p. 31).

The pilot study was conducted during the summer semester in July 2007 with
eight (8) mathematics student-teachers at the College of Basic Education who were
registered in the Methods of Teaching Mathematics course. Conducting a pilot study
enabled the researcher to identify ambiguous questions and revise them in a simple
and unambiguous format for the final version of the beliefs questionnaires. The pilot
study also enabled the researcher to practise administering the questionnaire,

determine how long it would require the participants to complete it, and practise
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responding to student-teacher inquiries while the questionnaire was being
administered. Lastly, the researcher was able to assess the reliability of the
questionnaire using SPSS Cronbach’s Coefficient Alpha function.

After the ambiguous questions were revised, the beliefs questionnaire was
given to a professor at the College of Basic Education to check the revision. A final
beliefs questionnaire version was developed and prepared to be used for the study.
(The Beliefs Questionnaire, English and Arabic versions, is included as Appendix
E).

The beliefs questionnaire was administered to the participants in the study in
fall semester 2007 during the first session of the Logo module course as a pre-test to
explore their initial beliefs, and during the last session of the Logo module course in
January 2008 as a post-test to explore their current beliefs after their practise
experience with Logo programming language. A consent letter for participation in
the study, which is included in appendix B, was signed by each student-teacher in
which they acknowledged their willingness to answer the questionnaire; the ethical
issues concerning the administration process is mentioned below in Section 4.6,

entitled Study Field Procedures.

4.5.2 Beliefs Interview

The beliefs interview was the qualitative data gathering instrument employed
by the researcher to explore and identify mathematics student-teachers’ beliefs.
Various terminologies such as “research interview” (Cannel and Kahn, 1968; cited in
Triandis and Berry, 1980, p. 142), “survey interview” (Moser and Kalton, 1971, p.
271) and “interview” (Mouly, 1978, p 201) exist. For example, Cannel and Kahn

(1968, cited in Triandis and Berry, 1980, p.142, section Interviewing as a Research
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Method) state, “a research interview is a two-person conversation; it is initiated by
the interviewer for the purpose of obtaining research-relevant information and
focused by him on the content specified by research objectives of systematic
description, prediction, or explanation.”

Mouly (1978) states “an interview is a conversation carried out with the
definite purpose of obtaining certain information” (p. 201). Finally, Moser and
Kalton (1971) described “the survey interview as a conversation between interviewer
and respondent with the purpose of eliciting certain information from the
respondent” (p. 271). Although different terminologies exist, it was obvious that the
definitions are almost the same and the authors referred to the same object, which is
the interview. However, for this research, the researcher adapted Cannel and Kahn’s
definition because it contains more detail.

Cannel and Kahn (1968, cited in Triandis and Berry, 1980, in the section
Interviewing as a Research Method) define “research interview as a two-person
conversation; it is initiated by the interviewer for the purpose of obtaining research-
relevant information and focused by him on the content specified by research
objectives of systematic description, prediction, or explanation” (p.142), “about the
feeling, motivations, attitudes, accomplishments, and experiences” (Gall, Borg and
Gall, 1996, p.288). In addition, through the interview, we can also learn the
individual’s “own point of view” (Cohen, Manion and Morrison, 2003, p. 267).
Using interviews as a research method for data collection can serve a wide range of
purposes; however, as Denscombe (2003) pointed out, two of the three most
frequently occurring purposes for using interviews as a data collecting method are:
first, as a “Follow-up to a questionnaire”, that is, to follow up interesting lines of

inquiry discovered by the questionnaire in more detail and depth; and second,
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“triangulation with other methods”, that is, to be used in conjunction with other
methods in the research to confirm facts identified using a different method (p. 166).
Besides, McNamara, (1999; cited in Valenzuela and Shrivastava, 2002), considered
interviews particularly useful to obtain a story behind a participant’s experiences.
The researcher’s objective for using interviews in this study was to explore in more
detail and depth the student-teachers’ initial beliefs after the pre-test questionnaires
(prior to their Logo module experience), and their current beliefs after the post-test
questionnaire (following their Logo module experience), i.e., what did student-
teachers believe about the Logo module, as well as to confirm the results of student-
teachers beliefs as identified through the questionnaires.

The interview usage in this study was also based on its advantages. For
instance, in considering the interview as a data-gathering tool to be compared with a
questionnaire, an interview is considered more flexible, and allows the interviewer to
follow up on ideas, probe responses and ask for explanation (Bell, 2005).
Consequently, it helps the interviewee clarify his belief on a given point so that he
will give a response when he would normally claim ignorance about or assign more
importance to it (Mouly, 1978). Hence, interviews facilitate the interviewer to
explore interesting or unexpected ideas or themes raised by the interviewee, and
obtain data that is potentially richer and more complete (Slavin, 1984) and “in depth”
(Engelhart, 1972, p. 108).

Compared to observation, the interview is considered the means of data
collection that helps the researcher to ask individuals about things that cannot be
directly observed. The interview is supported by Patton (1990, cited in Ghere and

York-Barr, 2003, p.7) who stated, “The purpose of interviewing is to find out what is
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in and on someone else’s mind....We interview people to find out from them those
things (such as beliefs and intention) we cannot directly observe.”

The considerable advantage of a face-to-face interview is that it allows the
researcher the opportunity to change the structure of the questions if the situation
demands, make clear or clarify questions, inquire about unclear answers, and ensure
the interviewee’s answers are clear and understandable. In addition, the interview
allows the researcher to develop a rapport with the interviewee which can help him
or her obtain better and fuller responses (Robson, 2007) because “people tend to
enjoy the rather rare chance to talk about their ideas at length to a person whose
purpose is to listen and note the ideas without being critical” (Denscombe, 2003, p.
190). The personal interview not only gives the researcher the chance to listen but
also to observe the interviewees. Consequently, it gives the interviewer the chance to
assess the value of the interviewee’s answers through observing the “non-verbals”
signals or “throw-away comments” (Robson, 2007, p. 77). According to Wise,
Nordberg and Reitz (1967) “very often inferences about a person’s genuine feeling
(about the topic under investigation) can be drawn by a competent interviewer from
such relatively minor behavior reactions as the tone of voice, posture, facial
expressions, or by the deliberate avoidance on the part of the interviewee of certain
words or referents in conversation” (p. 105).

The interview has a number of important advantages in certain situations
over other data collection tools; however, it is still fraught with some disadvantages.
One obvious disadvantage of interviews can be related to the bias of the interviewer
(Mouly, 1978; Cohen, Manion and Morrison, 2007). This is because interviews are a
highly subjective technique (Bell, 2005) and because “interviewers are human beings

and not machines, and their manner may have an effect on respondents” (Selltiz et al.

101



1962; cited in Bell, 2005, p. 166). On some occasions the interviewer may “project
his (or her) own personality into the situation, and thus influence -- by means of
intention and emphasis, gesture, facial expression, and various subtle cues -- the
responses he (or she) receives” (Mouly, 1978; p. 203). The interviewer may tend to
seek out the answers that support his/ her preconceived notions (Borg 1981, p.87);
this might encourage or guide the responses of interviewees towards answers that
support the interviewer’s beliefs instead of their own opinion. Interviewers might
also emphasis interviewee answers that support their own perception and discard
what contradicts them since, as Mouly (1978, p.204) states, “Not only do we give
preferential attention to certain aspects of the reality that is “truly out there,” but we
also interpret sensory inputs in terms of their meaning in our self-structure.” As
Cohen, Manion, and Morrison (2003, p. 279) point out, the researcher must pay
attention to the ethical dimension of the interview, including ensuring informed
consent, confidentialty and non-maleficence. A further ethical consideration involves
the data itself. Then researcher must determine what is to count as data, and this
must be clarified before the interview begins. For instance, some participants may
say something after the interview has been completed, or may request that a
comment be off the record.

Interviewees may also be a source of bias. For example, interviewees might
orient their answers in order to please the interviewer, thus providing answers that
deviate to some extent from the truth. This can be linked to what Borg (1981)
identified as “Eagerness of the respondent to please the interviewer” (p. 87). This
study attempted to ameliorate this possibility by clearly stating in the consent letter
that each student-teacher received prior to participation in the interview that their

responses and names would remain anonymous. Thus interviewees felt secure to
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respond as they wished without fear of reprisal. Further, the interviewer was an
external researcher, so there was no issue related to fear of their responses adversely
affecting their grades. In addition, the researcher had no teaching or other
relationship to the establishment (College of Basic Education) where the intervention
took place other than conducting his research study there.

There are other disadvantages: interviews are usually more time-consuming,
especially in relation to interviewing, transcribing and analyzing (Drever, 2003).
Besides, in contrast with questionnaires that can be mailed or e-mailed, interviews
require securing permission and scheduling the time as well as a confirmation with
the interviewee, and in case of interviewee’s absence the appointment needs to
reschedule, thus changing the researchers’ schedule to accommodate the
interviewee’s time.

Nevertheless, the interview is widely used for data gathering and viewed as a
“powerful and useful tool” (Mouly, 1978, p. 202) that “allows for greater depth than
other methods” (Cohen, Manion and Morrison, 2003; p.269) and when it is
combined with other methods such as questionnaire, it “‘can often put flesh on the
bones of questionnaire responses” (Bell, 2005; p.157).

There are three types of interview: structured, semi-structured and
unstructured (Burns 2000; Denscombe 2003). This study used a semi-structured

interview.

4.5.3 The Semi-Structured Interview
The use of this study’s semi-structured interview (see Appendix F), was
based on its advantages as contrasted with the structured and the unstructured

interviews. For example, a structured interview or “interview schedule” (Burns,

103



2000, p. 571) begins with a series of previously established questions, usually in the
form of a predetermined and closed-ended structure with specific answers, has a
rigid control over the wording and arrangement of questions and probes (Burns,
2000); it is considered “like a questionnaire which is administered face to face with a
respondent” (Denscombe, 2003; p. 166). The interviewees have no scope in which to
express their beliefs, feelings and perceptions that do not fit into the predetermined
response categories and, consequently, give no scope for the interviewer to explore
in more depth about these beliefs, feelings and perceptions (Burns, 2000). In the
unstructured interview, there is no predetermined form of question topic or wording;
rather, questions emerge from the immediate context between the interviewer and the
interviewee and are asked in the natural course of things (Patton, 2002). This
flexibility provides few restrictions on the interviewee’s answers, which can lead to a
loss of focus on the relevant issue of the study, or make the interviewer open to the
vagaries of the interviewee’s interpretation and perceptions of reality (Burns, 2000).
In the semi-structured interview, there is an interview guide developed by the
interviewer through a predetermined clear list of issues to be addressed and questions
in an open-ended form to be answered by the interviewee (Burns, 2000; Denscombe,
2003; Bryman, 2004). In addition, the interviewer is free to change the order of the
questions or probes, and ask new questions of interest that are not included in the
interview guide to obtain more information (Bryman, 2004) or omit questions as the
need arises (Robson, 2002). Interviewees are also given the flexibility to express
their beliefs about the issues and topics under study within the scope of the interview
guide. Arksey and Knight (1999) describe the semi-structured interview as a type

that “falls between the structured and unstructured format” (p. 7).
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Disadvantages have also been identified for semi-structured interviews. Like
other interviews, they are time consuming, and require interviewing, transcribing and
analyzing skills (Cohen, Manion and Morrison, 2003). Bush (2002, cited in Wang,
2008) notes another concern: the flexibility that semi-structured interviews afford
may actually create difficulty in ensuring reliability because of the “deliberate
strategy of treating each participant as a potentially unique respondent” (p. 63). The
issue of bias is yet another possible threat to reliability of semi-structured interviews.
This can be manifested through the interviewer’s attitudes and opinions, tendency to
seek specific types of answers from the interviewees, or physiological characteristics
of the interviewer, such age or race. (Cohen and Manion, 1994). Careful design of
interview questions and development of interviewing skills can reduce bias. The
interviewee too can bias the results. Borg 1987) mentioned that eagerness of the
respondent to please the interviewer and even a vague antagonism that sometimes
arises between interviewer and interviewee may occur (p. 111). Although the
student-teachers were completely free to express their own line of thought, the
researcher nevertheless maintained control of the direction of the interview. The
researcher's objective was to explore definite types of information; therefore, it was
essential to have control and confine the respondents to a discussion of the issues
about which the researcher desired knowledge

After the advantages and disadvantages were weighed, the choice of semi-
structured interview was made in this study because it allowed the researcher to
probe and ask more questions of interest in order to obtain more in-depth

information about student-teachers’ beliefs.
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4.5.3.1 Developing the Semi-structured Interview

After choosing the semi-structured interview to explore student-teachers’
beliefs in more depth, the next step was to review the related literature and consult
with the researcher’s supervisors concerning the type and structure of questions that
would be used. In light of the nature of this study, the semi-structured interview with
open-ended questions was developed.

The aims of the semi-structured interview were as follows:

1- The pre-interview intended to explore in more depth student-teachers initial
beliefs before administration of the Logo module.

2- The post-interview intended to explore in more depth student-teachers’
current beliefs after administration of the Logo module, in particular to
establish if the student-teachers’ responses changed after the Logo module,
illustrating modified student-teachers’ beliefs through the Logo programme
module.

The questions in the semi-structured interview focused on student-teacher beliefs
with regard to the same topics that were dealt with in the questionnaire, providing
yet an additional way to gather in more depth beliefs information about these
specific topics:

e The nature of mathematics

e The learning of mathematics

® The teaching of mathematics

e Logo programming language as a tool for the teaching and learning of
mathematics

e The advantages and disadvantages of the use of Logo program

¢ Information and communication technology (ICT)
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Furthermore, an additional question was added concerning:
e Student_teachers’previous mathematics classroom experience.
The aim of this question was to learn from the student-teachers about their
past experience and beliefs to have clearer picture about the effect of their classroom

experience on their beliefs.

4.5.3.2 The Semi-Structured Interview Validity and Reliability

As discussed in Section 4.5.1.2, validity and reliability are important issues
within both quantitative and qualitative research paradigms. Kumar (1999) defines
validity as “the ability of an instrument to measure what it is designed to measure...
and reliability is the degree of consistency and stability in an instrument” (p.137-
140). Since in this study the researcher used methods from both quantitative and
qualitative research paradigms, it is important to shed light on the issues of validity
and reliability for each paradigm, as each holds its own view. Sparkes (1992)
describes this issue as follows:

“In interpretive (qualitative research paradigm) research, the researcher is the
instrument. Brown (1988, cited in Sparkes, 1992) reminds us, “There are no
reliability and validity coefficients for the researcher who is observing or
interviewing participants in the natural setting” (p. 95). In view of this, it should
come as no surprise to find that, for interpretivists, methods (techniques) are not seen
as guarantors of truth as they are in positivist (quantitative research) paradigm. As
Reason and Rowan (1981) have argued, validity (and reliability) in new paradigm
research lies in the skills and sensitivities of the researcher, in how he or she uses
herself as a knower and inquirer. Validity (and reliability are) more personal and

interpersonal, rather than methodological (p. 244)” (p. 30).
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Therefore, as Creswell (1994) points out, some qualitative researchers argue
that the terms of validity and reliability are not applicable to the qualitative research
paradigm. At the same time, they also realise the need to develop an alternative
means to check or measure for their research. As a result of this, the concept of
“Trustworthiness” was established (Lincoln and Guba, 1985). Trustworthiness,
according to Lincoln and Guba (1985), consists of four aspects: first, credibility,
which refers to the extent to which the research findings represent a “credible”
conceptual interpretation of the original data collected from the participants; second,
transferability, which refers to the extent to which the findings can be transferred or
applied in other contexts or with other participants; third, dependability, which is the
extent to which the findings of the study are consistent and accurate; and fourth,
confirmability, which refers to the degree to which findings are the product of the
inquiry in focus and not of the biases of the researcher. (p. 289-300).

According to Cohen, Manion and Morrison (2007), the most practical way to
attain greater validity is to (1) minimise the amount of bias as much as possible
because the sources of bias are the characteristics of the interviewer, the
characteristics of the respondent, as well as the substantive content of the questions;
and (2) increase the researcher’s truthfulness concerning a proposition about the
social phenomenon under study to achieve the validity of qualitative research
(Denzin, 1978; cited in Golafshani, 2003).

Maxwell (1992) describes three types of validity in qualitative research:

1- Descriptive validity: determines the researcher’s accuracy of reporting

what he or she saw or heard that is typically indicative of descriptive

information.
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2- Interpretive validity: concerned with the degree to which the researcher and
his or her interpretation accurately captures the participant’s viewpoints,
thoughts, feelings, intentions, and experience.

3- Theoretical validity: the extent to which a theoretical explanation developed
from the study fits the data and is therefore credible and defensible.

In addition, Bryman (2004) referred to two types of validity in qualitative
research: first, internal validity: the degree of the good match between researcher and
the theoretical ideas he or she develops, and second, external validity: referring to the
study findings and the degree of generalising these findings. Borg (1987) also
describes in depth the notion of internal and external validity. Regarding internal
validity, he warns that the researcher must “consider the degree to which weaknesses
in the design can distort the results” (p. 223). Further, Borg states that internal
validity is the degree to which the design of an experiment controls extraneous
variables (p. 224). He cites Campbell and Stanley (1963) who have identified eight
such extraneous variables that can affect internal validity: (1) history, or the amount
of time over which experimental treatment occurs, and other mitigating events that
may happen during this same time; (2) maturation, or the amount of biological or
physiological changes that may occur in the subjects; (3) testing, or becoming test-
wise through test practice; (4) instrumentation, or benefit gained because of
differences in follow-up testing instruments; (5) statistical regression, or gains made
as a result of test-retest procedures; (6) differential selection, which means that the
same criteria must be used to select both the control and the experimental groups; (7)
experimental mortality, also called attrition, in which loss of subjects can occur

while a study is being conducted; and (8) selection-maturation interaction, which is
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similar to differential selection in that maturation can be a confounding variable
when control and experimental subjects differ.

Building on the previous discussions, validity in this study is perceived as the
adequacy with which the researcher accurately understands, interprets, and reports
initial and final participant student-teachers’ beliefs in regard to (a) the nature of
mathematics, (b) the learning of mathematics, (c) the teaching of mathematics, (d)
Logo programming language as a tool for the teaching and learning of mathematics,
(e) the advantages and disadvantages of the use of Logo program, (f) information
and communication technology (ICT), and (g) student-teachers’ previous
mathematics classroom experience. As Janesick (2000) noted, “Validity in
qualitative research has to do with description and explanation and whether or not
the explanation fits the description” (p. 393).

Borg (1987) defines external validity as the “degree to which research results
can be generalized to persons, settings, and times different from those of the
research” (p. 227). He points to Bract and Glass (1968) who cite these aspects of
external validity which the researcher needs to consider: (1) population validity, or
the level to which the research findings can be generalized to a larger population;
and (2) ecological validity, or whether environmental conditions present during the
study can be generalized to other environments.

In quantitative research, reliability is considered “scientific evidence”
(Creswell, 1994, p. 157). However, in qualitative research, LeCompte and Goetz
(1982) referred to two types of reliability, external and internal. The first, external
reliability refers to “whether independent researchers would discover the same
phenomena or generate the same constructs in the same or similar settings”; this, in a

sense, confirms the findings’ consistency and stability; and consequently, determines
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the successful replication of the research findings (Bloor and Wood, 2006). The
second, internal reliability, is the “degree to which researchers, given a set of
previously generated constructs, would match them with data in the same way as did
the original researcher” (LeCompte and Goetz, 1982, p. 23).

The use of a semi-structured interview as a qualitative method for data
collection in this study was to explore the student-teacher participant’s beliefs in
more depth prior to and following the Logo module experience, and to combine its
finding with the questionnaire finding for more validity. According to Kerlinger
(1970, cited in Cohen, Manion and Morrison, 2007) the use of an interview in
conjunction with other methods (such as a questionnaire) in research validates these

methods.

4.5.3.3 The Semi-Structured Interview Sample

After the semi-structured interview questions were developed and approved
by the researcher’s supervisors, the next steps were to decide on the size of the
interviewee sample and translation of the interview questions. Following discussion
with the researcher’s supervisors, the sample size was set to six (6) participants as it
provided an appropriate representative number of the overall 32 student-teachers.
The participants would be placed in one of three categories based on their responses
to the questionnaire, with two student-teachers in each category. The three categories
were as follows: student-teachers who mainly showed traditional beliefs, student
teachers who mainly showed constructivist beliefs and student-teachers who mainly
showed a mixture of traditional and constructivist beliefs. The semi-structured
interview objective was to more deeply explore the beliefs each of the six (6)

student-teachers manifested in their questionnaire responses, allowing the researcher
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to more fully comprehend their initial beliefs prior to the Logo module experience
and their final beliefs following the Logo module experience. The interviewer was an
external researcher and not employed by the College of Basic Education; his only
relationship with the College was to conduct his research there. Therefore, there was
no issue for student-teachers to fear their responses would adversely affect their

grades.

4.5.3.4 Translating the Semi-structured Interview

The semi-structured interview questions were translated to Arabic and the
validity of the translated questions was determined following the same “back-
translation” (Brislin, 2000, p. 79) procedure used for translating the beliefs
questionnaire (mentioned above in 4.5.1.3, Translating the Beliefs Questionnaire).

The semi-structured interview was first translated into Arabic by a bilingual
professor at the College of Basic Education who is a native Arabic speaker. Then,
the Arabic version was translated into English by another bilingual professor at the
College of Basic Education, and was compared with the original English version in
order to check whether the Arabic version has the translation content equivalency.
After checking the translation content equivalency which it showed there is
compatibility between the Arabic version and English version contents, the
translation validity for the Arabic version was attained. At this point, the Arabic

version beliefs interview was ready for the pilot study stage.

4.5.3.5 The Pilot Study of the Semi-Structured Interview
The pilot study of the semi-structured interview was conducted with one (1)
Mathematics student-teacher at the College of Basic Education during the fall

semester in September 2007. The pilot study enabled the researcher to: (1) make sure
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that interview questions were understood and not ambiguous; (2) determine the
length of time needed to administer the interview; (3) practise conducting the
interview; (4) practise responding to student-teachers inquiries during the interview;
and (5) practise recording and analyzing responses. The pilot study of the semi-
structured interview showed that the interview questions, in Arabic, were
understandable and clear. As a result, the semi-structured interview was ready to be
used for the study. (The Beliefs Interview, English and Arabic versions, is included
as Appendix F).

The semi-structured interviews were conducted at the College of Basic
Education with six (6) Kuwaiti mathematics student-teachers prior to and after the
Logo module was implemented. The process and the aims of the interviews were as
follows:

1- The initial (pre) interviews were conducted before participation in the Logo
module and after the student-teachers completed the pre-test beliefs
questionnaire to explore their beliefs in more depth.

2- The final interview (post) interviews were conducted after student-teachers
completed the post-test beliefs questionnaire to explore their beliefs in more
depth after the Logo module, and in particular to establish if the student-
teachers’ responses changed after the Logo module, illustrating modified
student-teachers’ beliefs through the Logo programme module.

A consent letter agreeing to participate in the interview (please see Appendix
D), was signed by each student-teacher in which they acknowledged their
willingness to participate in the interview and permission for the interview to be
audio tape-recorded. In addition, written notes were taken by the researcher during

the interview.
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4.6  Field Study Procedures

Only student-teachers from Kuwait’s College of Basic Education who were
registered in the Methods of teaching Mathematics course were considered in this
study. To facilitate the researcher’s carrying out a field study, a letter from the
graduate school at Nottingham Trent University (NTU), as well as a personal letter
from the researcher in Arabic, was delivered to the Dean of the College of Basic
Education, seeking permission for the study to be performed. Permission was
received from the Dean of the College of Basic Education, as well as from the
professor who teaches the Methods of Teaching Mathematics course, to facilitate the
Logo module sessions. (The letter from NTU, as well as the researcher’s personal
letter, is included as Appendix A). Finally, participation letters were delivered to
each participant to request their willingness to participate in the study, and
acknowledgements were received from each participant. (Arabic and English
versions of the Participation Consent Letter, Questionnaire Consent Letter, and
Interview Consent Letter are included as Appendix B, C and D).

The Methods of Teaching Mathematics course period was twelve (12) weeks
in length and consisted of four hours instruction per week for a total of forty-eight
(48) instruction hours. Within the forty-eight instruction hours, two hours per week
over a three-month time frame were assigned to the researcher’s Logo module
sessions for a total accumulation of twenty-four (24) session hours. The module
sessions were taught and practised in an ICT laboratory setting. During the sessions,
students-teachers were introduced to an ICT teaching module that incorporated the
use of Logo programming language as an ICT cognitive tool to support the

constructivist perspective for teaching and learning mathematics, experienced the use
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of Logo in solving mathematics activities, and developed a practise teaching lesson
plan that incorporated Logo.

Prior to participation in the Logo module, each student-teacher completed a
pre-test beliefs questionnaire. Following completion of the Logo module, each
student-teacher completed a post-test beliefs questionnaire. In addition, semi-
structured pre-interviews and post-interviews were conducted with six (6) student-
teachers prior to participation in and following completion of the Logo module
course, enabling the researcher to explore in more depth student-teachers’ beliefs

before and after receipt of the Logo module.

4.7  The Statistical Data Analysis Procedure: Questionnaire

A questionnaire was used to collect information about the beliefs of the student-
teachers on topics: (a) the nature of mathematics, (b) the learning of mathematics, (c)
the teaching of mathematics (d) the use of Logo programming language as a tool for
the teaching and learning of mathematics, and (e) the use of information and
communication technology (ICT). A questionnaire, arranged in the five sections
administered to each participant and the SPSS statistical programme was used to
compute and assess the mean of student-teachers answers, as follows:

1- The first three sections were divided based on the question type into two
subsections, namely: “Constructivist subsection” and “Traditional
subsection.”

For each subsection the Paired-Samples t-test (SPSS statistical function) was
used to compute the mean of student-teachers answers. This Paired-Samples
t-test function was used to assess whether the means of the two subsections

when analysed separately, as pre-test and post-test, are statistically different

115



from each other, as well as to explore which view student-teachers lean
toward -- Constructivist or Traditional concept.
2- A Paired-Samples t-test (SPSS statistical function) for equality of means was
used to assess whether the means between the subsections (pre-test and post-
test) had changed and so illustrate modified student-teachers’ beliefs.
3- A Paired-Samples t-test for equality of means for the Logo programming
language section was used to assess whether the means between the pre-test
and post-test changed and so illustrate modified student-teachers’ beliefs.
4- A Paired-Samples t-test for equality of means for the (ICT) section was used
to assess whether the means between the pre-test and post-test had changed
and so illustrate modified student-teachers’ beliefs.
It needs to be recognised that using multiple t-tests for means comparison increases
the risk of type one errors. However, a p value of 0.01 for significance level was, in
all cases, used to compensate for this.

The computed means of student-teachers’ beliefs were interpreted using the
scale reflected in Table 4, shown below. Additionally, Cronbach’s Coefficient Alpha

function was used to assess the reliability of the questionnaire.

Table 4. Interpretation for the Computed Means of Student-Teachers’ Beliefs

Mean Interpretation
4.50-5.00 Strongly Agree
3.51-4.50 Agree
2.51-3.50 Neither Agree nor Disagree
1.51-2.50 Disagree
1.00 - 1.50 Strongly Disagree
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4.8  The Statistical Data Analysis Procedure: Interview

The six student-teachers selected for the Interview were categorised into one of
the following:

1. Student-teachers with mainly traditional beliefs.

2. Student-teachers with mainly constructivist beliefs.

3. Student-teachers with both traditional and constructivist beliefs.

The student-teachers were categorised and grouped based on the responses they
supplied in the Questionnaire regarding the nature of mathematics, mathematics
education perspectives (traditional and constructivist), the use of Logo and ICT, and
classroom experience.

Themes and issues developed through analysing student-teachers beliefs were
categorised according to: perceived nature of mathematic (e.g. as absolutist or
fallibilist); perceived teaching and learning of mathematics, that is, either in favour
of traditional or constructivist perspective; view of the usefulness, as well as the
advantages and disadvantages of Logo programming language; beliefs of the role of
ICT; and perspective of classroom experience. This procedure was applied for the
pre- and post interviews. In addition, the post-interview analysis was compared with
the pre-interview to determine if any changes in student-teachers beliefs occurred.
Pre- and post-interview data analysis results were also compared with the student-
teachers questionnaire analysis results.

Data preparation was as follows: the raw data (recorded data) was transcribed to
be easy to work with and help the researcher to extract the answers to the research
questions (A sample transcript of interview (English and Arabic version), is included

in Appendix L).
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49  Summary

This chapter discussed the study’s research design, quantitative and qualitative
research methodologies, as well as the researcher’s rationale for combining
quantitative and qualitative data collection methods of investigation. The context of
the study and the participants were also identified. Data collection instruments,
which included a questionnaire and a semi-structured interview, were used to explore
student-teachers’ beliefs, and the advantages and disadvantages of these instruments
were identified. The development, translation, and piloting of the questionnaire and
semi-structured interview were described. The discussion also examined the
reliability and validity of both quantitative and qualitative research tools. In addition,
the study field procedure described ways of ensuring ethical consideration in this
research. The chapter concluded with a description of the statistical data analysis

employed in the study. The next chapter discusses the Logo session module.
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CHAPTER 5
THE LOGO MODULE COURSE

5.1  Introduction

This chapter discusses the Logo programming language module course
presented to the mathematics student-teachers at the College of Basic Education in
State of Kuwait during their participation on this study. The chapter contains the
following sections: rational for the Logo programming language module course and

the Logo module.

5.2  Rationale for the Logo Programming Language Module Course

The use of information and communication technology (ICT) plays a crucial
role in today’s mathematics classrooms. The teaching and learning of mathematics
can be enhanced by the integration of technology, thereby changing the students’
beliefs and perceptions about the classroom, the roles of teachers and students and
instructional strategies. In addition, it transforms the learners to become critical
thinkers and active individuals in the competitive world of technology. It also
implies a shift in the student’s efforts from computational tasks to exercises in
thinking critically, communicating clearly, designing solutions to mathematical
problems and applying mathematics to solve complex scientific problems.

Successful implementation of ICT and its use in teaching relies deeply on
teachers’ beliefs and attitudes about using ICT, as evidenced by research findings.
Kersaint and Thompson (2002) and Russell et al. (2003) agree that it is important to
explore the role that beliefs play in technology integration. In addition, Russell et al.

(2003) and Swan and Dixon (2006) have confirmed the positive correlation between
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the extent of teachers’ and student-teachers’ experience with ICT and positive beliefs
towards ICT use.

In order to implement the use of ICT, teachers should have the ability to
accept these changes in their opinions and beliefs. Wilcox et al. (1990) clarify that
teachers’ beliefs are deep-rooted ideas developed during their previous experience
and attached to their personalities which make them resistant to change. As a
consequence, the more important a teaching belief is to a teacher, the more resistant
to change that belief becomes. Therefore, if we are to motivate teachers and student-
teachers to evaluate and reflect on their beliefs, we must incorporate opportunities
and create situations to engage them in reflective practises, and active mathematics
knowledge building with the use of ICT. Teachers’ beliefs are one of the most
significant factors that play an important role in influencing and shaping their
instructional practises (Thompson, 1992; Nespor, 1987; Pajares, 1992; Ernest, 1996;
Norton, McRobbie and Cooper, 2000; Spilelm and Lloyd, 2004; Remillard and
Bryans 2004). This assertion formed the main guidance decision for the design of the
Logo module course. In addition, the decision to choose the Logo program was
based on its potentials as a cognitive tool where:

e The turtle graphics microworld provides the best available introduction to
computer programming for mixed (pupils) ability classes; it is accessible and
highly motivating.

e The procedural and extensible nature of Logo encourages the breaking down
of problems into parts and the use of the part solutions as building blocks of
alternative structures — all important mathematical activities (building new
knowledge based on the prior knowledge).

e Debugging is aided by the procedural nature of Logo and is encouraged
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because of the powerful editing and interactive facilities available in Logo

(Hoyles and Sutherland, 1989; p.7).

In addition, Logo is available in the Kuwaiti schools and that makes it
accessible for student-teachers to use in their future mathematics instruction.

The researcher’s rationale for using the Logo module in this study was that it
would provide student-teachers the opportunity to experiment with a powerful
innovation of mathematical instruction context, and would allow them to reflect on
and re-evaluate their beliefs about the nature of mathematics, learning and teaching
of mathematics, and the use of ICT in general and Logo programming language in
particular as a cognitive tool in their future mathematics instruction.

The main objectives of the Logo module course were to:

¢ First, introduce and familiarize student-teachers with the use of Logo
programming language as an ICT cognitive tool that supports the
constructivist perspective for the learning and teaching of
mathematics.

e Second, provide student-teachers with an intervention opportunity
where they could reflect on and re-evaluate their initial beliefs
towards the nature of mathematics, learning and teaching of
mathematics, using ICT in general and Logo programming language
in particular as an ICT cognitive tool in their future mathematics
instruction.

e Third, provide student-teachers the opportunity to prepare a
mathematics lesson plan that incorporates the use of Logo

programming language as a cognitive tool for mathematics education.
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¢ Fourth, provide student-teachers the opportunity to practise teaching
mathematics with the use of Logo programming language.

If we believe that mathematics student-teachers in their future classrooms
should allow their students to develop understandings of mathematical concepts
through new methods such as using Logo as an ICT cognitive tool that allows
investigation which supports further development of students’ current levels of
thinking and backgrounds, then we should not anticipate that new insights about
these pedagogical methods would transfer to student-teachers by way of traditional
lectures during their mathematics teacher education program in general and, more
specifically, in a methods of mathematics education course. Rather, the researcher
believes that student-teachers need practise and experience using these new methods
and they also need to play the role of the mathematics learners during their practical
practise and experience before they are ready to implement such educational context
in their future classrooms. Therefore, to achieve this principal during the Logo
module, student-teachers were placed in the situation of being pupils while the
researcher played the role of facilitator to encourage the student-teachers to be
responsible for solving the mathematical activities with the use of the Logo. The
researcher’s aim was to provide student-teachers with the following opportunities:
first, experience the role of pupil in a direct context of experience and engagement
with new practise of ICT integration. Second, to have practical experience of Logo
mathematical activities as pupils. Third, to consider the Logo-based mathematical
activities from the pupil’s perspective. Forth, to recognise the potential of this
learning process as supported by the programming language Logo’s capability to
provide an environment for cognitive learning of mathematics. Fifth, to recognise

pupils’ collaborative learning context, either when an individual pupil works with
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Logo or when small groups of pupils work with Logo, and how collaboration
dialogue allows the construction of mathematical knowledge. Finally, to provide
student-teachers with the opportunity to reflect on and re-evaluate their beliefs about
the mathematics teacher’s role in the classroom.

In general, it was hoped that the Logo module would provide student-
teachers with hands-on opportunities to familiarise Logo use skills, solve
mathematical Logo-based activities, practise preparation of a mathematics lesson
plan that integrates Logo, and practise teaching mathematics using Logo. As a
consequence, it was hoped that these experiences would enable student-teachers to
reflect on and re-evaluate their beliefs about the nature of mathematics, the learning
and teaching of mathematics and the use of Logo in their future class.

After identifying the goals for the Logo module, the next step for the
researcher was to consult with his supervisors concerning topics to include in the
Logo module, and review the related literature to develop the Logo module (see
sections 3.5 to 3.5.2.1 in Chapter 3). Further, Kuwaiti mathematics textbooks on
topics in mathematics (Al-Sharkawi et al., 2005 and 2006) were reviewed for
transformation geometry activities. The predefined transformation geometry
procedures prepared by Herr (2006) have been adopted and modified for this study.
Following development of the Logo module draft, the next step was to consult with
the researcher’s supervisors for additional suggestions before preparing the final
version of the Logo module. The final Logo module draft was written in English and
was reviewed by the researcher’s supervisors. Based on their comments and
suggestions, necessary modifications were made and the final version was approved

by the researcher’s supervisors. Finally, the Logo module was translated to Arabic to
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be used for the study. (The Logo Module, English and Arabic versions, is included

as Appendix G).

5.3 The Logo Module

The Logo module consisted of six parts: (a) Welcome meeting and
administration of the pre-test Beliefs Questionnaire; (b) Introduction to Logo
programming language; (c) Mathematical Logo-based activities; (d) Preparation of
mathematical Logo-based lesson plan; (e) Teaching practise with the use of Logo
programming language; and (f) Thanking meeting and administration of the post-test
Beliefs Questionnaire. The Logo module consisted of a twelve-week (12) session in
the Logo programming language, with a one-hour (1) session for two (2) days a
week, amounting to a total of twenty-four (24) session hours distributed throughout

the Logo module parts, as shown in Table 5.

Table 5. Logo Module Parts and Number of Session Hours

Session Session
Number Logo Module Parts Hours
Welcome meeting and administration of pre-test Beliefs 1
1 | Questionnaire
2-9 | Introduction to Logo programming language 8
10-17 | Mathematical Logo-based activities 8
18-20 | Preparation of mathematical Logo-based lesson plan 3
2123 Practise teaching mathematics with the use of Logo 3
programming language
Thanking meeting and administration of post-test
24 . . ) 1
Beliefs Questionnaire
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5.3.1 The Logo Module Parts

5.3.1.1 Welcome Meeting and Administration of Pre-Test Beliefs
Questionnaire

In this part, which occurred in the first session, the researcher introduced
himself to the student-teachers and gave general information about the study. In
addition, the participants’ willingness to participate in the study was solicited and a
signature requested to acknowledge their willingness to complete the pre-test belief
questionnaire. Then a pre-test belief questionnaire with cover letter was
administered to the student-teachers. (The Beliefs Questionnaire is included as

Appendix E).

5.3.1.2 Introduction to Logo Programming Language

In this part, which followed the Session one (1) Welcome meeting, student-
teachers were introduced to the Logo programming language in eight (8) one-hour
sessions. The aim of the sessions was to introduce the Logo programming language
to student-teachers and familiarise them with its use as an ICT tool. A brief
description of the Logo module sessions, which are numbered sessions 2-9, follows
(For a detailed description of the Logo module sessions, see Appendix G).

¢ In the second and third sessions a Logo hands-on practise instruction

worksheet named ““Starting MSLogo and Getting Comfortable” was provided

for student-teachers to introduce them to the Logo window interface. In the

second session, students practised the basic Logo commands, and in the third

session they learned the commands of changing the screen background colour

and turtle pen colour, controlling the turtle pen (lift up and put down the

turtle pen), and filling in an enclosed space with the preferred colour.
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In the fourth and fifth sessions, using the Logo hands-on practise instruction
worksheets called “Exploring Logo REPEAT command” and “Writing
PROCEDURE, Saving and Opening a Predefined Procedure” student-
teachers practised the Logo repeat command, writing a procedure in the
editor mode and modifying or debugging it. In addition, they learned to save
a new procedure and open predefined Logo procedures.

In the sixth session, student-teachers were provided with a Logo hands-on
practise instruction worksheet titled “Exploring using Variables” with which
they practised defining and using one variable within a procedure. Students-
teachers also learned and practised defining and using more than one variable
within a procedure.

In the seventh session, titled “Superprocedure and Subprocedure” student-
teachers were introduced to two different types of procedures, namely: (a)
superprocedure and (b) subprocedure. Student-teachers practised learning
about each type following the instructions provided by the LLogo hands-on
practise instruction worksheet.

In the eighth session, student-teachers followed the Logo hands-on practise
instruction worksheet titled “Using Coordinate notation and drawing a
circle,” and learned about coordinate notation and practised its use as well as
drawing a circle either through writing a procedure or using “circle”
commands to call the Logo predefined circle procedure that draws a circle
with a size based on the radius number given by the user.

In the ninth session, “Exploring Recursion,” student-teachers were introduced
to the recursion technique and practised learning using recursion following

the Logo hands-on practise instruction worksheet. In addition, they practised
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learning how to print an image created on the drawing area or predefined

procedure on the editor window.

Having introduced and familiarized student-teachers with using the Logo
programming language, the next step was to place student-teachers in a mathematical
Logo-based activities context to investigate, as pupils, the learning of mathematical

topics with the use of Logo activities.

5.3.1.3 Mathematical Logo-Based Activities

During the mathematical Logo-based activities part, student-teachers were
introduced in eight (8) one-hour sessions to mathematical Logo-based activities on
three different mathematical areas: (a) geometry, (b) algebra and (c) transformation
geometry; The aim of mathematical Logo-based activities was to place student-
teachers in a practical context where they could solve mathematical activities based
on the topics included in the Kuwaiti elementary, middle and high school curriculum
and view Logos’ potential as an ICT cognitive tool to facilitate pupils’ understanding
and learning of mathematical topics in the school curriculum. A brief description of
the eight (8) one-hour sessions of the mathematical Logo-based activities (sessions
10-17) follows (For detailed description mathematical Logo-based activities, see
Appendix H).

¢ In the tenth session, student-teachers were introduced to the first Logo hands-

on activities worksheet in geometry, in which the topic was to investigate the

properties of parallelograms. During this activity student-teachers were

placed in a context where they used Logo sequence commands to investigate

what properties of a parallelogram can help one to depict that it is a

parallelogram, thus, perceive how the use of Logo sequence commands
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would facilitate pupils’ learning about parallelogram properties and compute
its obtuse angle, acute angle and the sum of the angles.

In the eleventh session, student-teachers were introduced to the second Logo
hands-on activities worksheet in geometry on the topic of rectangles and
squares. This activity provided student-teachers with Logo procedures where
they investigated (a) what properties of a rectangle can help to depict a
rectangle, and (b) what properties of a square can help to depict a square,
using Logo procedures where the user inputs values and Logo’s interactive
feedback guides learning the concept. Student-teachers were thus able to
perceive how the use of Logo procedures would facilitate pupils’ learning
about the properties of the two shapes, as well as the common and different
properties between the two shapes.

In the twelfth session, student-teachers were introduced to the third Logo
hands-on activities worksheet in geometry, on the topic of parallelograms and
rhombus. This activity provided student-teachers with a Logo procedure
where they investigated what properties of both a parallelogram and rhombus
can help to depict each shape with the use of Logo procedure. Thus they
perceive how the use of a Logo procedure would facilitate pupils’ learning
about shape properties, as well as how common and different properties can
distinguish two shapes from each other.

In the thirteenth session, student-teachers were introduced to the last Logo
hands-on activities worksheet in geometry, on the topic of angles. The Logo
activity provided student-teachers a context where they investigated the

concept of angles with the use of a Logo procedure to perceive how the use
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of a Logo procedure would facilitate pupils’ investigation and learning about
various angles and their properties.

In the fourteenth sessions, student-teachers were introduced to the Logo
hands-on activities worksheet, this time on the topic of variables in algebra.
The aim of the Logo activity was to provide a context for student-teachers
where they could investigate variables and see how the Logo interactive
context would facilitate pupils’ understanding of the variables topic.

In the fifteenth and sixteenth sessions, student-teachers were introduced to
the topic of reflection in the area of transformation geometry. The objective
of this activity was to provide student-teachers with a context where they
could investigate the reflection of shapes and explore the properties of the
mirror image with the original image in an interactive environment that is not
possible with the use of paper and pencil.

In the seventeenth session, student-teachers were introduced to the topic of
rotation in the area of transformation geometry. Student-teachers investigated
the concept of rotation of shapes and how pupils using Logo can depict a
shape and see how rotations of a shape perform with the desirable angle and
direction.

As mentioned above, for detailed description of mathematical Logo-based

activities see Appendix H.

Having introduced and familiarized student-teachers with the use of the Logo

programming language and providing them with a practical practise context as pupils

using mathematical Logo-based activities, the next step was to place student-teachers

in a context where they could learn about and experience the preparation of a

mathematics lesson plan that incorporated the Logo programming language.
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5.3.1.4 Preparation of Mathematical Logo-Based Lesson Plan

¢ In the eighteenth, nineteenth and the twentieth sessions, student-teachers
were taught how to prepare a lesson plan and how to incorporate Logo
programming language as an ICT tool in the lesson plan. In addition,
student-teachers were asked to work in either in a group of two students
or individually to practise lesson plan preparation. In the twentieth
session, some of the student-teachers’ lessons plans were discussed and
student-teachers were asked to prepare an individual lesson plan for the

next session where they would practise teaching a mathematics lesson.

5.3.1.5 Practise Teaching Mathematics with the Use of Logo Programming
Language

e The twenty-first, twenty-second and twenty-third sessions were devoted
to the practical practise of teaching. The aim of these sessions was to
place student-teachers, as formal teachers, in a context where they
practised teaching a mathematics lesson using the Logo programming
Language. During these sessions, six (6) student-teachers, two (2) in each
session, used the lesson plan they had individually prepared and practised
teaching their colleagues according to the mathematics lesson plan they
developed using Logo programming language as an ICT tool for

mathematics education.

5.3.1.6 Thanking Meeting and Administration of Post-Test Beliefs
Questionnaire
In this last part, the twenty-fourth session, student-teachers were thanked for

their participation in the study. As a final step, a post-test belief questionnaire with
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cover letter was administered to the student-teachers, with a request for participants’
signature to acknowledge their willingness to participate in the study and complete

the post-test belief questionnaire.

54  Summary

This chapter discussed the Logo programming language module that was
employed in the study. The chapter began with literature findings that formed the
rationale for selection of Logo as the ICT module for the study. Following this was a
description of the administration of the Logo module in the classroom setting,
including an overview of the six component parts that constituted the Logo sessions.

The next chapter illuminates the results of the data analysis.
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CHAPTER 6
DATA ANALYSIS AND FINDINGS

6.1 Introduction

The aim of this chapter is to illuminate the study’s findings about Kuwaiti
mathematics student-teachers’ beliefs. This chapter contains the following sections:
the pre-test and post-test beliefs questionnaire results and analysis and the pre-test
and post-test semi-structured interview results and analysis. It also illustrates the

statistical procedure used to analyse the research questions and their related results.

6.2  Pre-Test and Post-Test Beliefs Questionnaire

The beliefs of Kuwaiti mathematics student-teachers were examined using a
Likert-type questionnaire containing 111 questions, a copy of which is included in
Appendix E. The questionnaire, which was administered as a pre-test and post-test,
was arranged in five sections that focused on the student-teachers’ beliefs on (1) the
nature of mathematics, (2) the teaching of mathematics, (3) the learning of
mathematics, (4) Logo programming language as a tool for the teaching and learning
of mathematics, and (5) information and communication technology (ICT). Of these
five sections, sections 1-3 were each divided into two subsections, namely
“Constructivist” and “Traditional,” that is rote learning and memorization, in order
to elicit participants’ beliefs on these two educational approaches. The following
illustrates the main titles of the first three sections and their content:

e The Nature of Mathematics (20 questions): 10 questions (1, 3, 5,7, 9, 13, 14,
16, 17 and 19) that described the nature of mathematics from the
constructivist perspective; and 10 (2, 4, 6, 8, 10, 11, 12, 15, 18 and 20) that

described the nature of mathematics from the traditional perspective.
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e The Teaching of Mathematics (20 questions): 10 questions (3, 5, 6, 7, 9, 10,
11, 15, 18 and 19) that described the nature of mathematics from the
constructivist perspective; and 10 (1, 2, 4, 8, 12, 13, 14, 16, 17, and 20) that
described the nature of mathematics from the traditional perspective.
e The Learning of Mathematics (21 questions): 10 questions (2, 3, 5,6, 7, 8,
10, 11, 17 and 20) that described the nature of mathematics from the
constructivist perspective; and 11 (1, 4,9, 12, 13, 14, 15, 16, 18, 19 and 21)
that described the nature of mathematics from the traditional perspective.
Sections 4 and 5 consisted of 26 questions and 24 questions, respectively,
(with no subsections). The aim of these sections was to explore student-teachers’
beliefs about using Logo and ICT in the teaching and learning of mathematics:
e Section 4 was entitled Logo Programme Language, and

e Section 5 was entitled Information and Communication Technology (ICT).

Statistical Analyses Performed

Chronbach’s Alpha was computed for each Section (1-3), as well as for each
subsection (Constructivist and Traditional). The purpose of the measurement was to
provide evidence of reliability for the questionnaire. As previously discussed in
Section 4.5.1.2, Nunnally (1978) considers 0.7 to be an accepted reliability, although
lower thresholds have sometimes been used in the literature (p. 70). For example,
Moss et al. (1998, cited in Sturmey et al., 2005) suggest that a value of 0.60 is
generally acceptable. Hair et al., (2006) also argue that an alpha of 0.60 and above is

adequate for research.

The computed means of student-teachers’ beliefs were interpreted using the

rank order Likert scale found in Table 3: Interpretation of the Computed Means of
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Student-Teachers’ Beliefs, which is presented in Section 4.7 of Chapter 4 (Research
Design and Methodology). When using ordinal data from the Likert-like scale, the
use of the mean warrants discussion. Jamieson (2004) states that for ordinal data the
median or mode should be used as the measure of central tendency rather than the
mean, since the intervals between values cannot be considered equal for the mean.
Kislenko and Grevvholm (2008) also discuss the use of Likert scales in research and
observe, “There is no common agreement on what statistical methods are appropriate
in relation to the use of the Likert scale.” Within this study, there is symmetry
around the neutral point (Neither Agree nor Disagree) and the ‘common use’ of
mean values; therefore, a justification can be argued see, for example, Davison and
Sharma (1988, 1990).

The Paired-Samples t-test was used to assess whether the means of the two
subsections, when analysed separately as both pre-test and post-test, were
statistically different from each other as well as to explore which view student-
teachers lean toward. In addition, a Paired-Samples t-test for equality of means was
used to assess whether the means between the subsections (pre-test and post-test) had
changed and so illustrate modified student-teachers’ beliefs. For the SPSS Analysis

output, and the Raw Frequencies for pre-test and post-test, see Appendix I, J and K.

6.2.1 Beliefs of the Mathematics Student-Teachers Derived from the Pre-Test

Questionnaire

Chronbach’s Alpha

In the pre-test questionnaire, Chronbach’s Alpha yielded an alpha value of

.943 for the Constructivist view in sections 1-3 (Nature of Mathematics, Teaching of
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Mathematics, and Learning of Mathematics). For these same sections, an alpha value
of .837 was found for the Traditional view. Both of these values provide statistical
evidence of reliability.

Alpha values were also found for the subsections (Constructivist and
Traditional) for Sections 1-3.

For subsection 1 Constructivist view, a reliable alpha value of .764 was
found. However, for subsection 1 Traditional view, the alpha value of .494 did not
meet the reliability standard of 0.60 or above. This is discussed below in the inter-
item correlations. While this value is low at subsection level, it did not have a large
effect on the alpha value of the total scale.

For subsection 2 Constructivist view and subsection 2 Traditional view,
reliable alpha values were found in both cases, with .905 for Constructivist and .744
for Traditional.

For subsection 3, a reliable alpha value of .884 was found for the
Constructivist view, while an alpha value of .612 for the Traditional view also met
the reliability standard of 0.60 or above.

Alpha values were found for section 4 Logo programming language and
section 5 ICT, reliable alpha values were found in both cases, with .986 for Logo

programming language and .908 for ICT.

Inter-item correlations
The inter-item correlation function was used to identify statements that failed
to correlate with other items in the scale, as shown below in Table 6. This failure to

correlate could be due to the following: (1) student-teachers misinterpreted the
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statement, (2) student-teachers did not understand the statement, and (3) the
statement was compound (that is, having more than one idea).

In addition, an inter-item correlation might also be affected and could provide
a low value as a result of dividing the scale into subsections as it reduces the number
of items in the scale; “the large number of items which constituted the questionnaire
would contribute to its Cronbach alpha value” (DeVellis, 1991; Lewis-Beck, 1995;

cited in Kwok-wai, 2000, p. 6).

Table 6. Identified Statements that Failed to Correlate with other

Statements in the Questionnaire for Pre-test

. Part and
View Statement No. Statement
Partl The mathematical ideas can be explained in
2 Statement 7 | everyday words that anyone can understand.
S Many of the important functions of
Z Partl mathematician are being taken to provide a
% Statement 13 | foundation for information and communication
2 technology.
‘é Par(3 Use of physical tools and real life examples to
S S art introduce mathematics ideas is an important
tatement 5 . .
component of learning mathematics
Part] Mathematicians are hired mainly to make precise
measurement and calculations for scientist and
Statement 2
other people.
Partl Mathematics problems can be solved in only one
2 Statement 6 | approach.
> Partl Mathematics is essentially the same all over the
Té Statement 18 | world.
j«% Part2 Good mathematics teachers always show
=2 Statement 16 students the quickest way of solving a
Ll .
= mathematics problem.
Part3 Mathematics is learnt in schools only
Statement 15 )
Part3 A quiet classroom is generally needed for
Statement 19 | effective mathematics learning.
prog%gr%l?lling Part4 Sophis‘ticated mathematical concepts are made
Statement 6 | accessible by Logo.
language
ICT Part5 The use of ICT reduces interaction and
Statement 5 | collaboration between learners.
ICT Part5 ICT is not an affective instructional tool for
Statement 8 | students of all abilities.
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p Value

The means on the constructivist and traditional beliefs in each of the three
subsections and their respective total means have a slight mean difference equal to a
maximum of [0.38], as shown below in table 7. To find out whether the differences
between the means are significant, the constructivist and traditional beliefs mean
scores for each section were compared with regard to the two- tailed significance

(Sig. (2- tailed)) levels. The following gives the two tailed paired t-test results.

e The p value for the “Nature of mathematics” section was p>0.05. Hence
we fail to reject the null hypothesis and find no significant difference
between the mean scores for constructivist and traditional beliefs in
“Nature of mathematics.”

e The p value for the “Teaching of mathematics” section was p>0.05.
Hence we fail to reject the null hypothesis and find no significant
difference between the mean scores for constructivist and traditional
beliefs in “Teaching of mathematics.”

e The p value for the “Learning of mathematics” section was p>0.05.
Hence we fail to reject the null hypothesis and find no significant
difference between the mean scores for constructivist and traditional
beliefs in “Learning of mathematics.”

e The p value level for the total means of the three sections was p>0.05.
Hence we fail to reject the null hypothesis and find no significant
difference between the total mean scores for constructivist and traditional
beliefs in “Nature of mathematics,” the “Teaching of mathematics” and

the “Learning of mathematics.”
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Computed Means

Table 7 below shows that the student-teachers (N = 32) agree with

constructivist beliefs in terms of the “nature of mathematics” mean score [ X = 3.58

on the Likert scale], “teaching mathematics” mean score [Y =3.69], and “learning

mathematics” mean score [ X = 3.83)]. Similarly, they also agree with traditional
beliefs in terms of the “nature of mathematics” mean score [Y = 3.88], “teaching

mathematics” mean score [Y =4.07], “learning mathematics” mean score [Y =
4.12]. The student-teachers neither agree nor disagree with the “Logo programming

language” when it comes to its use as a cognitive tool for constructivist learning in

mathematics instruction with a mean score of [ X = 3.48]. The same ambivalence

emerged for the information and communication technology (ICT) with a [mean

score of [ X =3.45].
When the respective totals for constructivist and traditional belief mean

scores for the “nature of mathematics”, “teaching mathematics” and “learning

mathematics” were computed, it was found that student-teachers agreed with both

beliefs. Their constructivist and traditional belief means were [Y =3.70] and [Y =
4.02] respectively. The higher traditional belief mean is in accord with the remarks
of Beaton et al. (1996), cited in Alajmi and Reys, 2007). They reported that
approximately 70 percent of Kuwaiti intermediate stage mathematics teachers
believed that memorizing formulae and procedures is important in learning
mathematics. They stated further that fewer than 50 percent of the teachers believed
that creative thinking and the ability to provide reasons to support conclusions are

important, providing evidence that some teachers, although less than 50 percent, do
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value constructivist principles. This may explain why the student-teacher responses
agreed with constructivist beliefs, although to a lesser extent than with traditional
beliefs. These student-teachers might have had some exposure to both constructivist
and traditional teaching practises, and at this point they are not fully committed to
either.

Paired Samples t-Test

The results of the Paired-Samples t-test for the responses of student-teachers

(N = 32) on the pre-test beliefs questionnaire are summarized in Table 7.

Table 7. Summary of Student-Teachers (N = 32) on the

Pre-Test Beliefs Questionnaire

Questionnaire . Std. Mean Sig. (2-
No. sections Subsection Mean D. difference | tailed)
Constructivist 3.58
1 Nature of 0.83 -0.30 0.056
Mathematics Traditional 3.88
Constructivist 3.69
2 Teaching of 1.18 -0.38 0.08
Mathematics Traditional 4.07
Constructivist 3.83
3 Learning of 0.84 -0.29 0.06
Mathematics Traditional 4.12
4 |Logo 348 | 065
programming
language
5 Informatlpn E}nd 345 052
Communication
Technology (ICT)
Constructivist 3.70
Total Means 0.88 -0.32 0.051
Traditional 4.02

The data also reveal that the standard deviations (the variation or dispersion from the
mean) from the subsections and the total mean are low and have a highest score of

[1.18]. This shows that the responses of student-teachers on the pre-test belief
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questionnaires are not very varied (which shows that the data score are more
concentrated and less spread out). The limited variation may be explained by
Alajmi’s (2009) observation that all teachers in Kuwait use a national textbook and
follow the same instructional plans, which are supplied by the Ministry of Education.
As aresult, one might assume that since curriculum and its delivery is standardized,

students learn the same things and are likely to give similar responses to questions.

The results of the pre-test questionnaire indicate that the student-teachers did
not lean towards either constructivist or traditional beliefs. They also were
ambivalent about the use of Logo programming language and ICT for mathematics
education. Since the student-teachers had little or no experience with ICT for
mathematics education, this ambivalence conforms to the opinions of Russell et al
(2003) and Swan and Dixon (2006) who found a positive correlation between student

teachers’ experience with ICT and positive beliefs towards its use.

6.2.2 Beliefs of the Mathematics Student-Teachers Derived from the Post-Test

Questionnaire

Following administration of the pre-test questionnaire, the student-teachers
undertook a mathematics education instruction module. The module incorporated
using Logo as an ICT cognitive tool for constructivist learning and allowed the
student-teachers to experience its use. During this module, student-teachers were
trained in mathematics using Logo, solved mathematics activities with it, developed
a practise teaching lesson plan that incorporated Logo and practised peer-to-peer
teaching using Logo following principles of constructivism (please see Chapter 5:

The Logo Module Course). Upon completion of the teaching module, a
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questionnaire which was identical to the pre-test one was administered to the
student-teachers as a post-test to explore student-teachers’ beliefs after their

exposure to the teaching module.

Chronbach’s Alpha

In the post-test questionnaire, Chronbach’s Alpha yielded a value of .824 for
the Constructivist view in sections 1-3 (Nature of Mathematics, Teaching of
Mathematics, and Learning of Mathematics). For these same sections, an alpha value
of .777 was found for the Traditional view. Both of these values provide statistical
evidence of reliability.

Alpha values were also found for the subsections (Constructivist and
Traditional) for Sections 1-3.

For subsection 1 Constructivist view, a reliable alpha value of .679 was
found. However, for subsection 1 Traditional view, the alpha value of .478 did not
meet the reliability standard of 0.60 or above. Possible reasons have been noted
above in Section 6.2.1. For subsection 2 Constructivist view and subsection 2
Traditional view, reliable alpha values were found in both cases, with .656 for
Constructivist and .643 for Traditional.

For subsection 3 Constructivist view, a reliable alpha value of .662 was
found. However, for subsection3 Traditional view, the alpha value of .616 has met
the reliability standard of 0.60 or above.

Alpha values were found for section 4 Logo programming language and
section 5 ICT, reliable alpha values were found in both cases, with .963 for Logo

programming language and .912 for ICT.
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Inter-item correlations
The inter-item correlation function was used to identify statements that failed

to correlate with other items in the scale, as shown in Table 8 below.

Table 8. Identified Statements that Failed to Correlate with other

Statements in the Questionnaire for Post-test

. Part and
View Statement No. Statement
Partl In different cultures around the world there are
= Statement 9 different models of mathematics.
E Part2 Good mathematics teachers often consider the
S Statement 10 | student preferences when planning lessons.
] . .
ZS % Par(2 Good mathematics teachers frequently give
O Rl . . . .
S > Statement 18 §tudegt as§1gnments which require creative or
investigative work.
Par(3 Students’ mathematics mistakes always reflect
their current understandings of ideas or
Statement 11
procedures.
Partl Mathematics problems can be solved in only one
Statement 6 approach.
Partl Mathematicians are hired mainly to make precise
measurement and calculations for scientist and
Statement 2
3 other people.
é’ Partl In mathematics something is either right or it is
= Statement 4 wrong
g Part? Good mathematics teachers always work sample
-_g Statement 14 problems for students before making an
& assignment.
Part3 Students who have access to information and
communication technology learn to depend on
Statement 1 .
them and do not learn mathematics properly.
Part3 - .
Statement 15 Mathematics is learnt in schools only.
Logo . . . s
. Part4 Logo will make my instruction difficult to
programming
Statement 26 | manage.
language
ICT Part5 ICT is not an affective instructional tool for
Statement 8 students of all abilities.
p Value

The standard deviation results from the subsections and the total mean are low

and have a high score of [0.69] as shown below in table 9. This shows that the
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responses of student-teachers on the post-test beliefs questionnaires are not very
varied. Furthermore, the means in the constructivist and traditional beliefs in each of
the three parts “the nature of mathematics”, “the teaching of mathematics” and “the
learning of mathematics” as well as their total means have a maximum differential of
[1.06]. To examine whether the differences between the means are significant, the
constructivist and traditional beliefs mean scores in each section were tested using
two-tailed significance (Sig. (2- tailed)) levels. The following gives the two tailed
paired t-test results.

e The p value for the “Nature of mathematics” section was p <0.01. Hence
we reject the null hypothesis and we accept that there is a difference
between the mean scores for constructivist and traditional beliefs for
“Nature of mathematics.”

e The p value for the “Teaching of mathematics™ section was p <0.01.
Hence we reject the null hypothesis and we accept that there is a
difference between the mean scores for constructivist and traditional
beliefs for “Teaching of mathematics.”

e The p value for the “Learning of mathematics” section was p <0.01.
Hence we reject the null hypothesis and we accept that there is a

difference between the mean scores for constructivist and traditional

beliefs for “Learning of mathematics.”

The p value for the total means of the three sections were p <0.01. Hence we
reject the null hypothesis and we accept that there is a difference between the total
mean scores for constructivist and traditional beliefs for “Nature of mathematics”,

“Teaching of mathematics” and “Learning of mathematics.”
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Computed means
Table 9 for the post-test beliefs questionnaire shows that the student-teachers

agree with the constructivist beliefs in terms of the “nature of mathematics” mean
score [Y = 4.15], the “teaching of mathematics” mean score [Y =4.17], and the

“learning of mathematics” mean score [ X = 4.22]. In contrast, they neither agree

nor disagree with the traditional beliefs in terms of the “nature of mathematics” mean
score [Y = 3.16], the “teaching of mathematics” mean score [Y =3.11], and the

“learning of mathematics” mean score [Y = 3.36]. The student-teachers agree with

the “Logo programming language” when it comes to its use as a cognitive tool for

constructivist learning in mathematics instruction mean score [Y =4.11], and with

the information and communication technology (ICT) when it comes to its use in the

teaching and learning of mathematics mean score [ X = 3.93].
Paired Samples t-Test

The results of the Paired-Samples t-test for the responses of student-teachers

(N = 32) on the post-test beliefs questionnaires are summarized below in Table 9.

Table 9. Summary of Student-Teachers (N = 32) on the

Post-Test Belief Questionnaires

No. Qu;ztci;)izgeslire Subsection Mean | Std.D diffNi i:?nce ?elfle(j)
. Nature of Constructivist 4.15 0.61 £0.99
mathematics Traditional 3.16 0.00
5 Teaching of Constructivist 4.17 0.69 106 0.00
Mathematics Traditional 3.11
3 | Learning of Constructivist 4.22 0.59 +0.86 0.00
Mathematics Traditional 3.36
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Questionnaire . Mean Sig. (2-
No. Sections Subsection Mean | Std. D difference | tailed)
Logo
4 programming 4.11 0.55
Language
Information and
5 Communication 3.93 0.51
Technology (ICT)
Constructivist 4.18
Total Means 0.52 +0.97 0.00
Traditional 3.21

As for the total of constructivist and traditional belief mean scores for the
“nature of mathematics”, “teaching of mathematics” and “learning of mathematics”,

it was found that student-teachers hold constructivist beliefs. However, they neither

agree nor disagree with traditional beliefs. Their constructivist and traditional belief

means are [Y =4.18] and [Y = 3.21] respectively. The increase in the student-
teachers’ post-Logo mean towards constructivist beliefs conforms to Nespor’s
(1987) statement that personal beliefs are often derived from personal experience.
After the student-teachers experienced Logo in their classroom sessions, their beliefs
changed. Ertmer (2005) too held the opinion that if beliefs are formed through
personal experience, then experience might also facilitate changes in beliefs. Ertmer
also cited Guskey’s (1986) assertion that changes in beliefs follow practise, rather
than precede it.

The results of the post-test questionnaire indicate that the student-teachers
lean toward the constructivist beliefs in terms of the “Nature of mathematics”,
“Teaching of mathematics” and “Learning of mathematics”. They also lean toward
the use of Logo programming and ICT in teaching mathematics. In contrast, the

student-teachers were ambivalent about the traditional beliefs.
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6.2.3 Beliefs of the Mathematics Student-Teachers Derived from the Pre-Test
and Post-Test Beliefs Questionnaires
A Paired-Samples t-test was conducted using two sets of data, namely, the
pre-test and post-test results to check whether quality of means had changed between

the subsections of the pre-test and post-test beliefs questionnaires.

p Value

The standard deviation results for the pre-test and post-test subsections of
sections 1, 2 and 3 and their respective total means, as well as the Logo
programming language and ICT, are low, with a highest score of [0.76]. This shows
that the responses of student-teachers on the pre-test and post-test beliefs
questionnaires are not very varied. The means of the constructivist and traditional
beliefs on the pre-test and post-test for sections 1, 2 and 3 and their total means have
a difference of [0.96] (the higher) and [0.39] (the lower). In addition, the means of
the Logo programming language on the pre-test and post-test have a difference of
[0.63] while that for the ICT is [0.48].

To determine if the differences between the means were significant, the two-
tailed significance (Sig. (2- tailed) level was applied for the constructivist and
traditional beliefs mean scores in each section; the same considerations were used for
the Logo programming language mean score and the ICT mean score (please see
Table 12 below for the two-tailed significance (Sig. (2- tailed) scores).

The following hypotheses were tested using the two-tailed levels, at [0.05]

level of significance, as shown below in Table 10.
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Table 10. Hypothesis and Null Hypothesis for Each Questionnaire

Section
Section Focus Hypothesis / Null Hypothesis Change
Hypothesis: Respondents’ N
1 Nature of Mathematics: | mean scores have changed
Constructivist beliefs Null Hypothesis: Respondents’ X
mean scores have not changed
Hypothesis: Respondents’ N
1 Nature of Mathematics: | mean scores have changed
Traditional beliefs Null Hypothesis: Respondents’ X
mean scores have not changed
Hypothesis: Respondents’ N
) Teaching of Mathematics: | mean scores have changed
Constructivist beliefs Null Hypothesis: Respondents’ X
mean scores have not changed
Hypothesis: Respondents’ N
) Teaching of Mathematics: | mean scores have changed
Traditional beliefs Null Hypothesis: Respondents’ X
mean scores have not changed
Hypothesis: Respondents’ N
3 Learning of Mathematics: | mean scores have changed
Constructivist beliefs Null Hypothesis: Respondents’ X
mean scores have not changed
Hypothesis: Respondents’ N
3 Learning of Mathematics: | mean scores have changed
Traditional beliefs Null Hypothesis: Respondents’ X
mean scores have not changed
Hypothesis: Respondents’ N
4 Logo Programming mean scores have changed
Language Null Hypothesis: Respondents’ X
mean scores have not changed
Information and Hypothesis: Respondents’ N
S mean scores have changed
5 Communication Null Hvoothesis- Respondents’
Technology (ICT) utr Hyporhesis. Resp X

mean scores have not changed

The total mean hypotheses and null hypotheses for Constructivist and

Traditional beliefs were also evaluated, as shown below in Table 11:
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Table 11. Total Mean Scores for Constructivist and Traditional Beliefs:

Hypotheses and Null Hypotheses

Constructivist Beliefs Hypothesis / Null Hypothesis Change

Hypothesis: Respondents’ total N

Nature of Mathematics, Teaching of | mean scores have changed

Mathematics, and Learning of Null Hypothesis: Respondents’

Mathematics total mean scores have not X
changed

Traditional Beliefs Hypothesis / Null Hypothesis

Hypothesis: Respondents’ total N

Nature of Mathematics, Teaching of | mean scores have changed

Mathematics, and Learning of Null Hypothesis: Respondents’

Mathematics total mean scores have not X
changed

Findings for Hypotheses and Null Hypotheses
The two-tailed levels resultfor each mean score in the five sections of the
questionnaire, and for the combined mean scores for Constructivist and Traditional

beliefs, is described below.

Section 1: Nature of Mathematics

Constructivist beliefs mean scores: The value of p <0.01. Hence, this value supports

this study’s hypothesis. The respondents’ mean scores have changed. In contrast, the
value rejects the null hypothesis.

Traditional beliefs mean scores: The value of p <0.01. Hence this value supports this

study’s hypothesis. The respondents’ mean scores have changed. In contrast, the

value rejects the null hypothesis.

Section 2: Teaching of Mathematics

Constructivist beliefs mean scores: The value of p <0.01. Hence this value supports

this study’s hypothesis. The respondents’ mean scores have changed. In contrast, the

value rejects the null hypothesis.
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Traditional beliefs mean scores: The value of p <0.01. Hence this value supports this

study’s hypothesis. The respondents’ mean scores have changed. In contrast, the

value rejects the null hypothesis.

Section 3: Learning of Mathematics

Constructivist beliefs mean scores: The value of p <0.01. Hence this value supports

this study’s hypothesis. The constructivist beliefs mean scores have changed. In
contrast, the value rejects the null hypothesis.

Traditional beliefs mean scores: The value of p <0.01. Hence this value supports this

study’s hypothesis. The respondents’ mean scores have changed. In contrast, the

value rejects the null hypothesis.

Section 4: Logo Programming Language mean scores
The value of p <0.01. Hence this value supports this study’s hypothesis. The
respondents’ mean scores have changed. In contrast, the value rejects the null

hypothesis.

Section 5: Information and Communication Technology (ICT) mean scores
The value of p <0.01. Hence, this value supports this study’s hypothesis. The
respondents’ mean scores have changed. In contrast, the value rejects the null

hypothesis.

Total Mean Scores for Nature of Mathematics, Teaching of Mathematics and
Learning of Mathematics

Constructivist Beliefs: The value of p <0.01. Hence this value supports this study’s

hypothesis. The respondents’ total means have changed. In contrast, the value rejects

the null hypothesis.
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Traditional Beliefs: The value of p <0.01, the level of significance. Hence this value

supports this study’s hypothesis. The respondents’ total means have changed. In

contrast, the value rejects the null hypothesis.

Computed means
First, table 12 below shows that student-teachers agree with the constructivist

beliefs concerning the “Nature of mathematics” on the pre-test and post-test. Their

pre-test and post-test belief means are [Y = 3.58] (the lower) and [Y =4.15] (the
higher) respectively, with a difference in the respective means equal to [0.57].

Additionally, the student-teachers agree with the traditional beliefs on the pre-test
mean score [ X = 3.88] (the higher) while they neither agree nor disagree on the

post-test mean score [X =3.16] (the lower) with a difference of [0.72] between the
respective means.

Second, student-teachers ALSO agree with the constructivist beliefs in terms

of the “Teaching of mathematics” on the pre-test [ X = 3.69] (the lower) and post-
test [ X =4.17] (the higher), AND the difference between the respective means is

[0.48]. In addition, they agree with the traditional beliefs on the pre-test [ X =4.07]

(the higher) yet neither agree nor disagree on the post-test [ X = 3.11] (the lower)

with a difference of [0.96] between the two means.

Thirdly, student-teachers agree with the constructivist beliefs in the pre-test

and post-test when it comes to “Learning of mathematics.” Their pre-test and post-

test belief means are [ X = 3.83] (the lower) and [ X = 4.22] (the higher)
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respectively, with a difference in the respective means equal to [0.39]. The student-

teachers agree with the traditional beliefs on the pre-test [ X = 4.12] while they

neither agree nor disagree in the post-test [ X = 3.36] with a difference in the
respective means equal to [0.76].
In sections 4 and 5, the student-teachers neither agree nor disagree on the pre-

test with “Logo programming language” as a cognitive tool for constructivist

learning in mathematics instruction mean score [Y = 3.48] and with information and

communication technology (ICT) used in the teaching and learning of mathematics
mean score [ X = 3.45]. In contrast, on the post-test they agree with both tools. Their

post-test belief means are [Y =4.11] and [Y = 3.93] respectively. In addition, the
difference in the respective means for the “Logo programming language” is [0.63]
and for the information and communication technology (ICT) is [0.48].

As for the total of constructivist beliefs mean scores for sections 1, 2 and 3, it
was found that student-teachers agreed with the constructivist beliefs in the pre-test

and post-test. Their constructivist beliefs total means for the pre-test and post-test

were [ X = 3.70] (the lower), [ X =4.18] (the higher) respectively, with a mean
difference of .48. Following participation in the Logo module, there was a positive
shift toward constructivist practise, Logo and ICT. This conforms with Ertmer
(2005) who suggested that if beliefs are formed through personal experience, then

changes in beliefs might also be facilitated through experience.
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Paired Samples t-Test

The results of the Paired-Samples t- test for the responses of student-teachers

(N =32) in the pre-test and post-test belief questionnaires are summarized below in

Table 12.
Table 12. Summary of Student-Teachers (N = 32) on the Pre-Test
and Post-Test Beliefs Questionnaires
Questionnaire . Std. Mean Cohen’s d | Sig. (2-
No. Section bl st Akl D. difference | Size effect | tailed)
Pre-test 3.58 0.51
Constructivist -0.57 -1.30 0.00
Post-test | 4.15 0.35
1 Nature of
Mathematics Pre-test 3.88 0.39
Traditional +0.72 +1.79 0.00
Post-test | 3.16 0.41
Pre-test 3.69 0.76
Constructivist -0.48 -.82 0.00
. Post-test | 4.17 0.31
2 Teaching of
Mathematics Pre-test 4.07 0.55
Traditional +0.96 +1.71 0.00
Post-test | 3.11 0.57
Pre-test 3.83 0.67
Constructivist -0.39 -.75 0.00
. Post-test | 4.22 0.30
3 Learning of
Mathematics Pre-test 4.12 0.36
Traditional +0.76 +1.79 0.00
Post-test | 3.36 0.48
Logo Pre-test 3.48 0.65 0.63 Loa 0.00
4 Erogrammlng Post-test | 4.11 0.55 . . '
anguage
Information Pre-test 3.45 0.52
and Communi-
5 | cation Post-test | 3.93 0.51 -0.48 -3 0.00
Technology
(ICT)
Pre-test 3.70 0.59
Constructivist -0.48 -1.05 0.00
Total Means Post-test | 4.18 0.26
Pre-test 4.02 0.37
Traditional +0.81 +2.15 0.00
Total Means Post-test | 3.21 0.38

In summary, the results of the pre-test and post-test beliefs questionnaire

indicate a change in the respondents’ mean scores on the constructivist and

traditional beliefs in terms of section 1 (Nature of mathematics), section 2 (Teaching
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of mathematics), and section 3 (Learning of Mathematics). The respondents’
constructivists mean score in the post-test increased significantly while the
traditional mean score decreased significantly. In addition, a significant change
accrued in the mean scores of the section 4 (Logo programming language) and
section 5 (ICT). Consequently, this suggests that student-teachers favoured
constructivist beliefs in terms of sections 1, 2 and 3; they also favoured the use of
Logo programming and ICT, thus leaning towards constructivist beliefs. In contrast,
the student-teachers became ambivalent about the traditional beliefs. Nespor (1987)
observed that instructional change is not a matter of completely abandoning beliefs,
but of gradually replacing them with more relevant ones. Richardson (2003, cited in
Raths and McAninch, 2003) also suggested that the most important source of teacher
candidates’ beliefs about teaching and learning was their personal experiences with
schooling and instruction (p. 5). Richardson noted that student-teachers may enter
teacher preparation programs with strongly held beliefs formed during their student
years; nevertheless, in their teacher education program they could be inspired to
think about teaching and learning more deeply and critically.

It must be noted that earlier studies showed that beliefs and conceptions did
not always change as a result of instruction in the academic classroom (Richardson,
2003; cited in Raths and McAninch, 2003; Civil, 1992). Richardson pointed out that
unless classroom experience is followed by “significant and structured involvement
in a field experience” changes in belief will not happen (p. 11). The authors also
question the possibility of changing teacher beliefs in one class or even one program.
Civil (1992) cited the conflicting messages that the prospective teacher receives:
their own K-12 experience, field experience, education courses, teachers, and the

community itself. Civil wondered whether teachers would follow the practices that
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make them feel more secure: “Too many teachers rely on textbooks with the answers
printed in black and white. Most teachers teach this way because it is less scary for
teachers” (p. 21). Civil too recommended a coordinated and collaborative approach

to teacher education if changes in existing beliefs were to be achieved.

6.3  Pre-Test and Post-Test Semi-Structured Interview

The semi-structured interview was the second source of data gathering used in
this research, in addition to the Questionnaire. The interviews (pre-Logo module and
post-Logo module) were conducted with six Kuwaiti mathematics student-teachers
(who were assigned labels A-F) at the College of Basic Education prior to and after
the Logo module was implemented. The aims of the interviews were as follows:

1- The pre-module interview explored in more depth student-teachers’ beliefs

before they participated in the Logo module.

2- The post-module interview explored in more depth student-teachers beliefs
after participation in the Logo module, in particular, to ascertain whether
student-teachers’ responses changed after the Logo module.

The six participants were each categorised based on their questionnaire responses
(mainly traditional beliefs, mainly constructivist beliefs, or both traditional and
constructivist beliefs). For more details about the interview analysis procedure,
please refer to the Research Methodology chapter, Section 4.8 Statistical Data

Analysis Procedure: Interview.

6.3.1 Type of Questions for the Interview
During the pre- module and post-module interviews, the interviewees were
asked eight questions in order to elicit their current beliefs on sections 1-5 of the

questionnaire. The interview questions were developed using recurring themes that
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surfaced during the review of the literature described in Chapter Three. (Please see
Appendix F for Beliefs Interview Questions, English and Arabic versions. In
addition, a sample transcript of interview (English and Arabic version), is included in

Appendix L.

6.3.2 Student-Teachers Pre-test Interview Analysis

The following illustrates beliefs held by student-teachers during the pre-
module interview, which was administered before participation in the Logo module.
The interview questions focused on the sections of the questionnaire, as well as the

student-teachers’ previous mathematics classrooms experience.

1- Student-teachers’ beliefs about the nature of mathematics

Before participating in the Logo module, the student-teachers were asked the
following question: “How would you describe mathematics?”” All student-teachers A
to F articulated a common belief of mathematics; they described mathematics as
rules and procedures. Although these student-teachers articulated (the view of rules
and procedures) an exact view about the nature of mathematics, they also indicated
their view of the importance of mathematics. All student-teachers shared in a belief
in using mathematics for computation. For example, student-teacher C said,
“Mathematics represents groups of rules and procedures to be used for computation.”
This respondent’s view aligns with the Instrumentalist view as defined by Ernest
(1988) and Leung (1995) which sees mathematics as “an accumulation of rules and
skills to be used in the pursuance of some external end. Thus mathematics is a set of
unrelated but utilitarian rules and facts” (Ernest, 1988) and “processes to be

memorized” (Leung, 1995; cited in van der Sandt, 2007, p. 345).
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In addition to the beliefs revealed above, two-thirds of the student-teachers
(C, D, E and F) referred to mathematics and used expressions like “allows us to
think,” “broadens thinking,” “helps us to think and “opens human thinking”.
Underlying these expressions was a broader view about the nature of mathematics
that can be seen as rejecting the instrumentalist view (the use of memorized rules and
procedures) and showed that doing mathematics is a process that frees and widens
human thinking when solving mathematical problems and which also leads to
creativity. This view can be linked with the constructivist view that “emphasizes the
practice of mathematics and the reconstruction of mathematics knowledge... and
sees mathematics as continually growing, changing and being revised, as solutions to
new problems are explored by the learners” (Golafshani, 2002, p. 4).

In summary, the pre-interview showed that student-teachers, in their beliefs
about the nature of mathematics, articulated two differing views at the same time.
First, we can see that all students-teachers shared a common belief in which
mathematics is described as rules and procedures for computation. Additionally,
two-thirds of student-teachers who held the rules and procedures view also implied
that mathematics frees and broadens human thinking. The first view shows
mathematics as a rigid discipline and implies that to do mathematical computation
and attain an answer to a problem we need to apply the right rule and follow a
procedure. In contrast, in the second view students-teachers showed that
mathematics is not rigid but rather it is a discipline that allows us to develop, create
and use our own methods to attain the problem’s answer. The first view can be
associated with the instrumentalist view. The second view associated mathematics
with the constructivist perspective and was akin to the third conception of

mathematics defined by Ernest (1988),“The problem solving view of mathematics as
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a dynamic, continually expanding field of human creation and invention”.
Specifically the pre-interviews showed that prior to the Logo Module, the group of
student-teachers’ held a mixture of traditional beliefs and constructivist beliefs about

the nature of mathematics.

2- Student-teachers’ beliefs about the learning of mathematics

Before participating in the Logo module, the student-teachers were asked the
following question: “In your opinion, how are mathematical concepts (e.g.
computation, geometry, algebra, etc.) best learned?”

The student-teacher answers showed different views about learning
mathematics. In addition, some of the student-teachers shared similar views in ways
that made it possible to categorise views according to their beliefs. For example, the
responses of student-teachers A and B could be described as “mathematics concepts
would be best learned in a lecture setting” and “learning mathematics is better
through rote learning.” These verbal expressions about learning suggested that they
believe in the learning method supported by the instrumentalist perspective, a
traditional approach that encourages rote learning and memorisation; they believe
that learning mathematics concepts happens as a result of mastery of rules and
procedures and performing a mathematical process exactly, reflecting a teacher-
centred context for learning and seeing the teacher as an instructor. Student-teacher
A and B’s responses align with one the four views identified by Kuhs and Ball
(1986) of how mathematics is taught: Content-focused with an emphasis on

performance.
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Student-teachers C and D expressed two different perceptions of learning
mathematics. On the one hand, they held a compatible view with student-teachers A
and B; they considered following rote learning beneficial for understanding
mathematics concepts, which is the traditional perception. On the other hand, they
embraced the social context perspective linked to the non-traditional constructivist
approach, believing that social interaction between students that allows students to
discuss and share knowledge plays an essential role in acquiring mathematics
knowledge. For example, D said, “We should learn by rote learning but not always.
We should also learn through discussions.” This second view suggested a
relationship between their beliefs and the theoretical framework of Vygotsky’s social
constructivism theory. In addition, they perceive and support the teacher role as a
facilitator of students’ learning. Student-teacher C and D’s responses align with two
of the four views of how mathematics is taught identified by Kuhs and Ball (1986):
Content-focused with an emphasis on performance (as did student-teachers A and
B), and Learner-focused.

Student-teachers E and F expressed a broader view that rejects the rote
methods of learning mathematics. E and F believed that students need to investigate
and do mathematics to learn the concepts best; that is, they have a constructivist
perspective that the learning of mathematics concepts is “a process of inquiry and
coming to know” (Ernest, 1988, p. 2) and utilizing technology, not a process of
memorizing. For example, student-teacher E believed in learning mathematics
through “group discussion settings, where students would think and discuss in
groups, exchange ideas, use educational aids such as calculators and computers (ICT
type) to learn mathematics”. In addition, student-teacher F said “I entirely do not

agree and reject rote learning. Students forgot what they learned by memorising.
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Students should think and explore when learning (that is, learn with the use of
exploration).” Student-teacher E and F’s responses suggest Learner-Focused beliefs

Kuhs and Ball (1986).

3- Student-teachers’ beliefs about the teaching of mathematics

Before participating in the Logo module, the student-teachers were asked the
following question: “How do you think mathematics should be taught?” The
responses demonstrated that the beliefs student-teachers held about the teaching of
mathematics reflected the beliefs they held in their answers about the learning of
mathematics. Thompson (1992) claimed that “it is difficult to conceive of teaching
models without some underlying theory of how students learn” (p.135) and the
student-teachers who were interviewed reflected Thompson’s view.

For example, student-teachers with traditional views of learning mathematics,
such as A and B, hold beliefs about teaching mathematics that aligned with
traditional methods. Their response to the question about teaching mathematics was
to “follow the lecture setting. We are used to a lecture setting” and “the rote method
for teaching is suitable for me; if the teacher told me one rule with a procedure I can
solve the problems given based on this rule and the procedure” respectively. This
belief conformed to Kuhs and Ball (1986) third identified view of how mathematics
should be taught, that is, “Content-focused with an emphasis on performance”: with
“mathematics teaching that emphasizes student performance and mastery of
mathematical rules and procedures” (p.2). This view of teaching can be linked to the
conception of the nature of mathematics as instrumentalist, and supports the teacher
role as a lecturer.

Student-teachers C and D both considered the instrumentalist and

constructivist approaches as suitable methods for teaching of mathematics. Their
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instrumentalist views were patterned after a “Content-focused with an emphasis on
performance” view of teaching mathematics; and their constructivist views were
patterned after what Kuhs and Ball (1986) describe as “learner-focused” where
“mathematics teaching that focuses on the learner’s personal construction of
mathematical knowledge” (p.2) and mathematics knowledge and ideas are shared
and the teachers is seen as a facilitator (Thompson, 1992).

Student-teacher C’s answer about teaching of mathematics was “using the
lecture. Since students love pictures and shapes we also can use these to demonstrate
the concept. Also follow the group work style.” Furthermore, D said that she
“explain the topic slowly step by step with the use of visual aids, making sure the
students understand, and ask the students to use pencil and paper to solve the
problems” and uses discussions where the teacher “discusses with the students,
explains through the use of visual aids, and asks the students not to follow only the
approach the teacher provided to solve the problem; on the contrary, he will accept
any approach as long as the answer is correct.”

Finally, the personal beliefs for teaching mathematics expressed by student-
teachers E and F reflected their constructivist perspective (group discussion and
exploration respectively) of mathematics learning and rejection of rote methods. E
and F believed that teachers should teach using methods that allow students to
investigate and do mathematics, hence reflecting the “learner-focused” perspective
(Kuhs and Ball, 1986) where the teacher’s role is to facilitate and motivate students’
learning (Ernest, 1988) and provide an environment for “student’s active
involvement in doing mathematics- in exploring and formalizing ideas” (Thompson,
1992, p. 136). In addition, student-teacher E believed in utilising ICT. She said,

“During the math class the teacher needs to present the topic and provide students
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with calculators and computers and have the students discuss the topic in groups and
ask for the teacher’s help if needed.”

Student-teacher F’s approach was “exploration methods. I give students
mathematical problems and let them think how to and explore to solve them.
Teachers need to provide a hint when students had a problem and need a help. That
helps them (students) to proceed and learn.”

In summary, the pre-interview suggested that student-teachers’ beliefs about
the learning and teaching of mathematics were varied, and they can be placed into
three categories for the learning and teaching of mathematics:

1- Traditional (rote learning and memorization) (A and B).

2- Constructivist (non-traditional) (E and F).

3- Both instrumentalist and constructivist (C and D).

In addition, the beliefs of the student-teachers were consistent for both
learning mathematics and teaching mathematics. For example, student-teachers
whose perspective was instrumentalist believed that the best way to learn
mathematics concepts was through mastery of rules and procedures and performing
mathematical process exactly; they also believed that demonstration and explanation
of mathematical concepts, and enabling students to acquire mastery of rules and
procedures, was an effective process for teaching mathematics. This belief reinforced
the teacher’s role as a transmitter of knowledge.

In contrast, student-teachers who believed in the constructivist perspective
that mathematics is best learned as a result of inquiry, discussion, group work, and
exploration but not memorisation, also believed that teachers should provide students

with situations for investigation and challenge them to think and learn as an effective
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process for teaching mathematics. Underlying this belief is the role of the teacher as
a facilitator.

Finally, two student-teachers believed in a combined instrumentalist and
constructivist perspective for mathematics education.

The student-teachers’ answers suggested that their personal beliefs about
mathematics education were acquired through their previous educational experience.
This was so since there was a consistency between beliefs they expressed and their
classroom experience. For example, student-teacher F, who held the constructive
perspective, said,“l saw her (teacher) as special because she taught the way that
made me understand mathematics. She gave a problem and asked us to solve it; this
gave me the interest and the ability to think flexibly and fluently. In contrast, a rote
method that was used by other teachers did not help me to understand
(mathematics)”. (Please also see below, point 7- Student-teachers’ previous

mathematics classroom experience).

4- Student-teachers beliefs about the Logo program as an ICT tool for the
teaching and learning of mathematics

Before participating in the Logo module, the student-teachers were asked the
following question: “What do you think about the use of Logo as an ICT tool for the
teaching and learning of mathematics?”

All student-teachers indicated that they used Logo in ICT classes, not in
mathematics class; therefore they could not express their views about the L.ogo
program. However, student-teacher F stated the need to include ICT and its tools
such as Logo to develop mathematics instruction. She said, “students should be
taught and learn (mathematics) with the use of advanced technology (ICT) and its

learning aid programs.” Student-teacher B used the term “easy and entertaining,”
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these expressions suggest the potential for Logo to help to enhance students’ interest
and enthusiasm for mathematics education as well as suggest that ICT is useful in
mathematic education.

In summary, student-teachers were not aware of the use of the Logo program
as a tool for the teaching and learning of mathematics since they did not use the
program during their mathematics classes. As both Al-Turkey (2006a, b) and Alajmi
(2009) pointed out, Kuwaiti students are still taught mathematics by rote-learning
and memorization. Further, Al-Turkey (2006a) noted that the use of ICT is not part
of the curriculum. Given the use of rote-learning and the absence of ICT, the
students would not have had any prior exposure to Logo in the mathematics

classroom and their responses reflect this.

5- Student-teachers beliefs about the advantages / disadvantages of the Logo
program for the teaching and learning of mathematics
Before participating in the Logo module, the student-teachers were asked the
following question: “In your opinion, what do you consider to be the advantages /
disadvantages of the use of Logo in the teaching and learning of mathematics?”
All student-teachers were unable to express any opinions about the
advantages and disadvantages of Logo, which was expected since they lacked

experience using the program during mathematics classes.

6- Student-teachers’ beliefs about the use of ICT for the teaching and
learning of mathematics
Before participating in the Logo module, the student-teachers were asked the
following question: “What do you think about the use of ICT for the teaching and

learning of mathematics?”
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From the student-teachers’ answers, student-teacher E had a single
experience in the use of ICT in her college mathematics class, as well as exposure to
ICT as a subject in ICT classes. The remaining five students only had exposure to
ICT as a subject in their ICT classes. In addition, all six had additional ICT
experience through the use of their own laptops. The views that they articulated
about using ICT were shared by others in the group and categorised student-teachers
according to their beliefs. For example, student-teachers A and C’s response to the
question was “maybe a positive idea (for the teaching and learning of mathematics)”
and “might be proper for the teaching and learning of mathematics” respectively.
This hesitancy about ICT possibly suggested that their beliefs were undecided about
the use of ICT for mathematics.

Student-teachers D and E expressed different perceptions about ICT. D and E
believed that ICT is a beneficial tool for mathematics education and helps students
and teachers. D responded, “It (ICT) is useful... The teacher prepares for the lesson
using an (educational) aide such as a PowerPoint presentation, and uses it
(PowerPoint) when teaching. This attracts students’ attention and makes them
interact with the lesson.” E commented “I used calculators and the QBasic program
during the mathematics class at college and found it very helpful” respectively.
Underlying this view is the suggestion that utilising ICT because of its potential for
mathematics teaching and learning.

Student-teacher F appeared to strongly value using ICT for mathematics
education. She said, “Using ICT is necessary in this domain (teaching and learning
of mathematics). When ICT came into existence it became necessary in our lives and
could not be rejected; it was impossible to reject it as it is so essential in the

educational process.” However, F did not justify the necessity of using ICT, except
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relating it to current ICT use, perhaps because she did not use ICT in her
mathematics classes.

Student-teacher B said, “I did not use ICT during mathematics class;
therefore I could not express my views about ICT”.

In summary, most of the student-teachers were unaware of the potential for
using ICT as a tool for the teaching and learning mathematics. Only student-teacher
E had used QBasic program during her mathematics class at the college.

In addition, the pre-interview showed that student-teachers’ beliefs about using
ICT were varied, and they could be categorised according to their beliefs into four
categories:

1- ICT is useful and a helpful tool (D and E)

2- ICT is an essential tool (F )

3- Undecided beliefs about the use of ICT as a tool (A and C)

4- Did not express any beliefs about the use of ICT as a tool (B)

Except for student-teachers D and E, other student-teachers did not provide any
justification about their views possibly because they did not experience the use of

ICT in their mathematics classes.

7- Student-teachers’ previous mathematics classroom experience

Before participating in the Logo module, the student-teachers were asked the
following question: “You may still recall some memories about one or more
mathematics teachers. What was so special about him or her?” This question was
posed because of Richardson’s (2003) assertion that personal experience with
schooling and instruction was the most important source of teacher candidates’

beliefs about teaching and learning. Richardson noted they may enter preservice
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teacher preparation programs with strongly held beliefs formed during early student
years.

The students-teachers’ answers demonstrated that they remembered different
classroom experiences as a result of their teacher or their teacher’s educational
methods. In addition, these approaches were found to be common among some of
the student-teachers and categorised student-teachers according to their previous
classrooms experiences. For example, the mathematics classrooms context described
by student-teachers A and B reflected the “Content-focused with an emphasis on
performance” perspective of Kuhs and Ball (1986) where “mathematics teaching
emphasizes student performance and mastery of mathematical rules and procedures”
(p.2) for students to acquire the mathematical knowledge. Describing her special
teacher’s method, student-teacher A said, “She (teacher) taught mathematics using
lectures and demonstrations. She also encouraged us to memorise information and
she encouraged us to go to her office if we needed more help. It was also very
important for her that we did all the homework”.

Student-teacher B said, “The teacher follows a rote learning style when
explaining the concept. We do practical practise for questions and do the home
work.” This suggested that their teachers held a conception of the nature of
mathematics teaching as “instrumentalist” (Ernest, 1988) and viewed their role as
lecturers. Teaching mathematical knowledge is a process of transmission and
learning mathematical knowledge acquired as a process of doing a lot of drill and
practise, memorisation without utilising ICT as a tool for the teaching and learning
of mathematics (Norton, McRobbie and Cooper, 2000).

In contrast, the described mathematics classrooms context from student-

teachers E and F was found to be reflective of the “learner-focused” Kuhs and Ball
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(1986) prospective, constructivist view, where “mathematics is teaching that focuses
on the learner’s personal construction of mathematical knowledge” (p.2) Hence,
mathematics knowledge is acquired through “making” mathematics (Thompson,
1992, p. 128) and mathematics knowledge and ideas are shared in a social interaction
between the learners (Thompson, 1992). Describing their special teacher’s methods,
student-teachers E and F said respectively, “All grade seven, eight and eleven
teachers used group discussion. The teacher placed us (students) in groups and asked
us (students) to discuss together and with her. With my college teacher we used the
QBasic program” and “I saw her (teacher) as special because she taught the way that
made me understand mathematics. She gave a problem and asked us to solve it; this
gave me the interest and the ability to think flexibly and fluently. In contrast, a rote
method that was used by other teachers did not help me to understand
(mathematics).”

This suggests that their teachers held the “problem solving” concept of the
nature of mathematics (Ernest, 1988) where mathematics knowledge is a process of
enquiry and coming to know in a discussion context their role as facilitators who
support and guide students’ mathematical knowledge construction process instead of
transmitting the knowledge. Within this assisted learning environment of guidance
by the teacher, scaffolding is taking place within the student’s zone of proximal
development (ZPD) (Vygotsky, 1978).

Finally, the described mathematics classrooms context from student-teachers
C and D was also found to be reflective of the “Content-focused with an emphasis
on performance” perspective; and the “learner-focused” prospective described by
Kuhs and Ball (1986). Student-teacher C said, “She (teacher) used lectures (rote

learning) to show us the rules and procedures and asked us to solve the problems by
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following the rules and the procedure (drill and practise), sometimes individually and
sometimes together in groups; she also used to help us to answer the questions.”
Student-teacher D said, “My teacher in grade seven used to demonstrate a problem
using PowerPoint, and solved the problem slowly step by step, making sure that we
understood. After that she would demonstrate another problem and would use
discussion to arrive at the answer... My teacher used to request and encourage
students to use different approaches as long the answer was correct.”

This suggests that their teachers held combined conceptions of the nature of
mathematics: the “instrumentalist” and “problem solving” (Ernest, 1988) and view
their role as lecturers and as facilitators.

In summary, students-teachers described different classroom experiences.
Besides, the classroom experiences were found to be common between some of the
student-teachers and they can be categorised according to their beliefs in relation to
their previous classroom experience into three categories of educational context:

1- Traditional (A and B)

2- Constructivist (E and F)

3- Traditional and constructivist (C and D)

In addition, we might conclude that a relationship exists between student-
teachers’ previous classrooms experiences and their beliefs about the learning and
teaching of mathematics, and the use of the Logo program and ICT. Nespor (1987)
and Thompson (1992) argue that beliefs develop from prior experiences. Calderhead
and Robson (1991) agree that pre-service teachers hold strong images of their
classroom experiences and often refer to their experiences in interviews.

Finally, all student-teachers’ reporting of their classroom experience showed

that their mathematics teachers did not use Logo programming language as an ICT

168



tool for teaching and learning mathematics. Teaching and learning of mathematics
by Kuwaiti teachers is still conducted using rote methods, even though ICT tools do
exist. The tools have not yet been incorporated into the teaching curriculum.
Additionally, teachers lack training in teaching with ICT and adequate computer labs
are lacking. The Ministry of Education has confirmed that Kuwaiti students’
underachievement in mathematics can be attributed to traditional methods of
teaching, which are characterized by rote learning and memorization and which do
not incorporate ICT programs (Al-Turkey, 2006a,b), nor ICT tools such as Logo. In
addition, the MOE has noted that educational reform in the above aspect will be its

priority in developing education in Kuwait.

8- Student-teacher personal comments

Before participating in the Logo module, the student-teachers were asked the
following question to allow them to express any additional information they wished
to include: “Is there anything you would like to talk about that we have not
covered?” Student-teachers made different comments. For example, student-teacher
A commented about the teaching and learning of mathematics at the present time.
She said, “Usually students forget or hate mathematics because few teachers
demonstrate or encourage students to practise the rules, and consider students doing
homework as not important.” Underlying this concern is possibly a belief in the
traditional classroom context. In contrast, student-teacher F held opinions in line
with methods based on constructivist principles and commented that it was not a
successful method. She said, “Rote learning is the style used here (at school and the
college) in all the subjects including mathematics; they are taught by rote learning

which is not a successful method because students needed to think, not memorise.”
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Student-teacher B showed an interest in using Logo in the mathematics
classroom. She asked, “How can we teach children mathematics using the Logo
program?” My response to her was, “This is what you will find out about during the
Logo module sessions.”

In addition, student-teacher C commented about using more than one
method. She said, “Teaching and learning mathematics through lectures is not
inappropriate but it would also be good if another method could be used such as
group work where students could work and answer the questions together.” The
student-teacher’s notion of group work is in agreement with Bruner’s (1983) opinion
that with the help of others, the learner can gain increasing understanding and control
of knowledge. In addition, her comments agree in part with McNally (1974), who
said that education in general and mathematics education in particular should not be
a routine habit, but instead consist of intelligent inquiry and thought, where
development of knowledge resides in doing (experimenting), in activity, and in
interacting with the problems in a social context. (p. 80)

Student-teacher D indicated her concerns about utilising ICT for teaching and
learning mathematics. She said, “I wish they (the teachers) would use computers

during the teaching process as students love computers, and they are a useful tool.”

6.3.3 Student-Teachers Post-Interview Analysis

This section describes beliefs held by student-teachers during the post-
interview, which was administered following participation in the Logo module to
observe whether the student-teachers’ responses had changed, illustrating modified

student-teachers’ beliefs as a result of participation in the Logo programme module.
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The post-module interview focused on the questionnaire topics as well as student-

teachers’ previous mathematics classrooms experience.

1- Student-teachers’ beliefs about the nature of mathematics

Following completion of the Logo module, the following question was asked:
“How would you describe mathematics? Student-teachers A, B, C and F maintained
their previous common “Instrumentalist view” (Ernest, 1988), in which they believed
mathematics consisted of rules and procedures. I also found that a change in
students-teachers’ beliefs about the nature of mathematics had occurred following
their experience with the Logo program. For example, in the pre-interview student-
teachers A and B viewed mathematics as rules and procedures; however, in the post-

99 ¢

interview they used new expressions such as “explore,” “creative” and “logical
thinking.” Underlying these expressions was a new way of thinking that can be
linked to a broader view about the nature of mathematics. One finds the “fallibilist”
Lerman (1983; cited in Thompson, 1992) and “problem solving” (Ernest, 1988)
views. Also in evidence is the constructivist perspective, which views mathematics
as process of human activity, enquiry and invention; a “continually expanding field
of human inquiry ... not a finished product and its result remains open to revision”
(Ernest 1989, p. 21) because “solutions to new problems are explored by the
learners” (Golafshani, 2002, p. 2). Student-teachers A and B stated respectively,
“Logo makes students explore and be creative” and “motivates students’ logical
thinking”.

Another example of change was also obvious in Student-teachers D and E.
Student-teacher D said, “Mathematics is an active subject; I mean it makes the brain

active when studying mathematics. It (mathematics) is an active subject and a

thinking subject.” In addition, student-teacher E said, “Mathematics is the base for
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other disciplines such as physics and chemistry, mathematics theories and applied
application to daily living, and exercises which make the mind work. Mathematics is
a subject that will develop; there will always be new theories.” This suggests a new
perception of the nature of mathematics that rejects the absolutist view and which
considers mathematics as independent and unrelated to any other discipline, and not
dynamic, and contains certain facts, procedures, and theories. Finally, student-
teachers C and F believed that mathematics is not an absolute. For example, student-
teacher F said, “I believe everything in the universe is in relation to mathematics. It
not only contains rules and procedures, it opens thinking. As evidence for this, every
person can define his way (approach) to answer a question. It is not static and if it is
static we would not see different ways and answers.”

Student-teacher C said, “Mathematics is rules and procedures and concepts
that can be deduced by individuals since mathematics makes us think and compute.”
This belief can be seen following participation in the Logo mathematical activities as
she stated that “Logo makes students conclude by reasoning the mathematical
concepts.”

In summary, the post-interview suggested that a change in student-teachers’
initial beliefs about the nature of mathematics occurred following their experience
with the Logo program. For example, during the pre-interview student-teachers A
and B held an Instrumentalist views about the nature of mathematics. However, in
the post-interview they held a combined view of the instrumentalist and the fallibilist
view that associates mathematics to the constructivist perspective. Student-teachers
D and E during the pre-interview considered combined instrumentalist and fallibilist

views about the nature of mathematics; however, in the post-interview they
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considered the fallibilist perspective about the nature of mathematics. Finally,

student-teachers C and F held combined views: the Instrumentalist and the fallibilist.
Specifically, the post-interviews suggested a change in the initial beliefs of

student-teachers A, B, D, and E about the nature of mathematics after the Logo

Module. Yet, student-teachers C and F maintained their initial beliefs.

2- Student-teachers’ beliefs about the learning of mathematics

Following completion of the Logo module, the following question was asked:
“In your opinion, how are mathematical concepts (e.g. computation, geometry,
algebra, etc.) best learned?” Student-teachers’ answers suggested that a change in
beliefs about learning mathematics had occurred following their experience with the
Logo module. For example, student-teachers A and B held the same previous
traditional perspective mentioned on the pre-interview that encourages rote learning
and memorization. Yet they became more open to accept the ideas of Logo and the
constructivist perspective, which holds that learning mathematics is an active
process, not a passive one; it is a process of exploring and investigating for learning
mathematics concepts effectively (Ernest, 1989; Thompson, 1992) and using ICT
tools such as Logo programming language to promote learning mathematics
(Clements, 1999). Student-teachers A and B answers included “use the lecture and
use exploration to learn mathematics, and using Logo will make students explore and
be creative” and “use traditional methods and new methods like group work and the
Logo program” respectively. This change in response showed that student-teachers
A and B came to consider a combination of two perspectives for learning
mathematics: instrumentalist and Logo program as an ICT tool that supports the
constructivist perspective; however, they did not have a major change in their beliefs

as did student-teachers C, D, E and F.
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For example, during the pre-interview student-teachers C and D embraced
the rote learning and memorisation perspective, as well as the social context
perspective that echoes the constructivist (non-traditional) approach for learning
mathematics. However, in the post-interview there was a change in their beliefs in a
direction more consistent with the constructivist approach for learning mathematics
in a social context. In addition, they supported the idea that the integration of
“Technology (tools such as Logo) is essential in...learning mathematics” (NCET,
2000). Besides, student-teacher C considered the need for a change in learning
methods. She said, “I learned by rote since I was young and sometimes through
group work but I think we need to learn through different ways (methods) like group
work, the use of computers (ICT) (that is) Logo, and the use of educational
programs. I felt the Logo module was useful for learning mathematics.” Student-
teacher D believed that learning mathematics concepts is best achieved “through
discussion, problem solving and Logo.”

Student-teachers E and F in the pre-interview rejected rote methods and
supported the constructivist approach, believing that students need to investigate and
do mathematics to learn the concepts best. They supported the view that learning is
“a process of inquiry and coming to know” (Ernest, 1988, p. 2) and utilizing
technology, not a process of memorizing. In their post-interview they were more
committed to the constructivist approach and believed in the use of Logo for learning
mathematics. Student-teacher E said, “Through group discussion and the use of
computer programs, Logo supports exploration.” Student-teacher F believed that
“Students need to explore to learn. Logo will motivate students’ attention (thought)
and make them explore. In finding the answer by doing (coding) not memorising,

students better learn and understand the subject.”
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In summary, the post-interview suggested that a change in students-teachers’
initial beliefs about the learning of mathematics had occurred after their experience
with the Logo program. For example, during the pre-interview student-teachers A
and B held traditional views about the learning of mathematics. However, in the
post-interview they became more open to the inclusion of Logo and considered a
combined view: the traditional perspective and the Logo idea that supports the
constructivist perspective. Student-teachers C and D during the pre-interview held
combined traditional and constructivist views; in the post-interview they showed
only one view about the learning of mathematics: the Logo idea hence constructivist
perspective. Finally, student-teachers E and F during the pre-interview held a
constructivist perspective; in the post-interview they maintained their initial beliefs
and also considered Logo valuable for the learning of mathematics. The post-
interviews showed a change in the beliefs of all student-teachers (A, B, C, D, E and
F) about the learning of mathematics after completion of the Logo Module. First, all
student-teachers considered the Logo approach to the learning of mathematics.
Finally, student-teachers’ beliefs about the learning of mathematics were varied, and
they can be placed into two categories:

1- Traditional and constructivist (A and B)

2- Constructivist (C, D, E and F)

3- Student-teachers’ beliefs about the teaching of mathematics

Following completion of the Logo module, the following question was asked:
“How do you think mathematics should be taught?” Student-teachers’ answers
demonstrated that the beliefs they hold about the teaching of mathematics reflected
the beliefs they held about the learning of mathematics. Thompson (1992) claimed

that “it is difficult to conceive of teaching models without some underlying theory of
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how students learn” (p.135). Because “model(s) of learning mathematics play a
central role in the beliefs of teachers” (Ernest, 1989, p. 23-24), “it seems reasonable
to expect a model of mathematics teaching to be somehow related to or derived from
some model of mathematics learning” (Thompson, 1992, p.135). This was apparent
in student-teachers’ beliefs about the teaching of mathematics.

For example, student-teachers A and B came to consider a combined
perspective: they had some traditional beliefs and they also believed in Logo as an
ICT tool that supports mathematics learning. They held beliefs about teaching
mathematics that aligned with their beliefs of learning. Student-teachers A and B
said respectively, “Teachers need to present the lesson and let students explore. If
students did not understand enough to follow the lecture, teachers also need to use
Logo and the computer (ICT)” and “combine traditional methods and group work
with Logo”. On the one hand this belief reflected Kuhs and Ball (1986) third
identified view of how mathematics should be taught, that is, the “Content-focused
with an emphasis on performance”: where “mathematics teaching that emphasizes
student performance and mastery of mathematical rules and procedures” (p.2). This
view of mathematics teaching context can be naturally linked to the instrumentalist
conception of the nature of mathematics. Consequently, it supports the teacher role
as a lecturer. On the other hand, it reflects the first identified view, the constructivist
perspective, the “learner-focused”: where “mathematics teaching focuses on the
learner’s personal construction of mathematical knowledge” (Kuhs and Ball, 1986).
In this instance, mathematics knowledge and ideas are shared and the teacher is seen
as a facilitator (Thompson, 1992); the belief is that with the use of ICT tool like
Logo program “learners can become the active, constructing architects of their own

learning” (Papert, 1993, p.122).
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Finally, the personal beliefs for teaching mathematics expressed by student-
teachers C, D, E and F reflected a belief in the idea of Logo, hence the constructivist
perspective for learning mathematics. They believed that teachers should teach using
methods that incorporate Logo to allow students to be active and construct their
learning. Underlying this belief is a context where an ICT tool such as Logo helps in
mathematics knowledge construction and not knowledge reproduction (Murchie
(1986), Clements and Sarama (1997), Bigge and Shermis (1999), Lindroth (2006).
They supported the “learner-focused” perspective (Kuhs and Ball, 1986) in which
the teacher’s role is to facilitate and motivate students’ learning (Ernest, 1988) by
providing an environment where students use ICT tools such as Logo to construct
their own learning, and an environment for “student’s active involvement in doing
mathematics- in exploring and formalising ideas” (Thompson, 1992, p. 136).
Student-teacher C said, “I believe teachers need to use methods such as group
discussion and using the computer educational program Logo.” The National
Council of Teachers of Mathematics Standards has emphasized the importance of
social interaction and communication in learning mathematics. NCTM has stated,
“Communication plays an important role in helping children construct links between
their informal, intuitive notions and the abstract language and symbolism of
mathematics; it also plays a key role in helping children make important connections
among physical, pictorial, graphic, symbolic, verbal, and mental representations of
mathematical ideas” (1989, 1991; cited in Steele, 1999, p. 38).

Student-teacher D believed that teachers need to “employ students’
discussion and use the Logo program or any other programs for mathematics
education that allows students to think and be creative, to answer the problems and

comprehend the mathematical topic.”
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Student-teacher E described teaching mathematics as a context where the
teacher uses “group discussion, and computer programs (QBasic) that support
learning by reasoning and Logo for exploration.”

Student-teacher F said, “Teachers should employ the exploration process,
utilise ICT educational programs and support students’ discussions when teaching
mathematics”...Logo and other educational programs.” Underlying these beliefs is a
new context for mathematics education; the Logo context facilitates a constructivist
perspective which emphasises active involvement of students during the teaching
and learning process (Papert, 1993; Clements and Sarama, 1997; Karakirik and
Durmus, 2005; Lindroth 2006).

In summary, the post-interview suggested that a change in student-teachers’
initial beliefs about the teaching of mathematics had occurred after their experience
with the Logo program. For example, during the pre-interview student-teachers A
and B held traditional views about teaching mathematics. Yet, in the post-interview
they became more open to the idea of Logo and considered a combined view: the
traditional perspective and Logo that supports the constructivist perspective. Student-
teachers C and D during the pre-interview considered combined traditional and
constructivist views; in the post-interview they considered the constructivist
perspective and the use of Logo. Finally, student-teachers E and F during the pre-
interview considered the constructivist perspective; in the post-interview they
maintained their initial beliefs and considered the use of logo in their teaching of
mathematics. Consequently, I can say that the post-interview showed that all student-
teachers considered the use of Logo for teaching mathematics. Student-teachers’
beliefs about the teaching of mathematics were varied, and they can be placed into

two categories:
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1- Traditional and constructivist (A and B)

2- Constructivist (C, D, E and F)

4- Student-teachers’ beliefs about the Logo program as an ICT tool for the
teaching and learning of mathematics

Following completion of the Logo module, the following question was asked:
“What do you think about the use of Logo as an ICT tool for the teaching and
learning of mathematics?”

Student-teachers’ answers showed a change in their beliefs about using Logo
programming language for the teaching and learning of mathematics had occurred
after their experience with the Logo module. For example, although during the pre-
interview student-teacher F valued the need to include ICT and its tools such as
Logo to develop mathematics instruction; other student-teachers did not express their
views about the Logo program because they had not experienced Logo in their
mathematics class. However, during the post-interview all student-teachers
expressed positive common beliefs concerning the use of Logo program as an ICT
tool for mathematics education. Student-teachers A, B, C, D, E and F believed that
Logo is a useful ICT tool for mathematics education. For example, student-teacher C
described it as “good and useful for teaching and learning mathematics.” It appeared
that this conception of Logo aligns with the technology principle defined by NCTM
(2000) “Technology (tools such as Logo) is essential in teaching and learning
mathematics;” Logo “is much more than a programming language, it is also
philosophy of education” (Goldberg, 1991, p. 68) where students and teachers
engage in a mathematical learning context which is characterized by exploration and
investigation that is not possible without the technology (Yellend and Masters,

1995). In addition, student-teachers E and F believed that using Logo facilitates
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teacher’s instruction and student’s knowledge construction. Logo allows teachers to
provide a learning environment that promotes students’ construction of mathematical
concepts and helps students learn the mathematical concepts more effectively
(Thompson, 1992; Clements and Sarama, 1997; Papert, 1993; Clements, 1994). This
manner of teaching is in agreement with Piaget’s (1973) view, in which the teacher
ceases being a lecturer satisfied with ready-made solutions; instead, his role is that of
a mentor stimulating initiative and research.

Student-teachers E said, “As a tool it (Logo) will make it easy for me when
teaching and for students when learning. It will make it easy for students to learn
geometry and angles since they will learn by inductive reasoning”. Student-teacher F
said, “Logo is a very successful tool. Logo can help teachers when teaching since
they can teach in an interactive context. Students interact with the program and
explore the concepts like geometry and algebra widely. This helps students
understand mathematical concepts like variables, shapes and angles which it is not
easy to understand when taught using traditional methods (rote learning).” This
belief reflects student-teachers’ conception of the teacher’s role as a facilitator.
Margisit (2009) also mentions the facilitator role as envisioned by Vygotsky. For
Vygotsky, the teacher’s role is not to narrate, but to construct meaning alongside the
student. Further, this belief is supported by McCoy (1996; cited in Clements, Battista
and Sarama, 2001, p. 7) who argued that “Logo programming, particularly turtle
graphic.... is clearly an effective medium for providing mathematics experiences...
when students are able to experiment with mathematics in varied representations,
active involvement becomes the basis for their understanding. This is particularly

true in geometry... and the concept of variable.”
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In summary, the post-interview showed that all student-teachers accepted the
use of Logo; they believed that the Logo program is a useful ICT tool to support and
enhance the teaching and learning of mathematics. Their views echo Papert (1993)
and Goldberg (1991) who believe that Logo can offer “powerful ideas in mind-sized

bites” (p. 135) and a “philosophy of education” (p. 68).

5- Student-teachers’ beliefs about the advantages / disadvantages of the
Logo program for the teaching and learning of mathematics

Following completion of the Logo module, the following question was asked:
“In your opinion, what do you consider to be the advantages / disadvantages of the
use of Logo in the teaching and learning of mathematics?”

Student-teacher answers showed a change in students-teachers’ beliefs about
using Logo programming language for the teaching and learning of mathematics had
occurred following their experience with the Logo module. For example, no student-
teachers expressed any beliefs about the advantages and disadvantages of Logo
during the pre-interview since they did not experience using the program during
mathematics classes. However, during the post-interview student-teachers discussed
the instructional the advantages of using Logo for mathematics education. For
example, all student-teachers A, B, C, D, E, and F believed that Logo can create a
context for students to constructs their mathematical knowledge. Student-teachers

9 <c

considered that Logo facilitates students’ “exploring,” “logical thinking,”

“concluding,” “imagination,” and “creativity.” Underlying these conceptions is a link
between Logo and constructivism: a belief (philosophy) of Logo as an “object (for
students) -to-think-with” (Papert, 1993, p. 11), and a tool with which to explore,

imagine, conclude, and be creative, with the teacher as facilitator. Hence, a broader

view of a context for teaching and learning mathematics is supported by an ICT tool
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like Logo. For example, student-teacher A believed that Logo would “change the
traditional way and make mathematics attractive for the students, help students to
explore and be creative; also, it would ease and help the teacher in his role as a
supervisor, and make difficult concepts easy to understand.” Papert (1993) and
Clements and Sarama (1997) argue that Logo can provide a powerful tool for
exploring and learning mathematics. Besides it is a rich mathematics educational
context that enhances students’ interest and enthusiasm for meaningful intellectual
engagement (Murchie, 1986; Clements and Sarama, 1997; Bigge and Shermis,1999;
Lindroth, 2006) in a context that supports peer interaction and collaboration (Papert,
1993).

In addition, other student-teachers like D, E and F considered that the Logo
visual environment provides a challenging educational context and enhances
students’ learning. Clements (1994, cited in Sarama and Clements, 2001, p. 11)
claimed that Logo is a context that “encourages (students) wondering and posing
problems by providing an environment in which to test (mathematical) ideas and
receive feedback about these ideas”. This Logo support encourages and helps
students to make their own conjectures, test out and modify their thoughts, and
increases their ability to explore and learn something new (Goldstone et al., 1996)
with their teachers’ “scaffolding” (Sarama and Clements, 2001, p.13).

Student-teacher D believed that “Logo reduces students’ time and effort
expended in manual drawing since it allows students to draw difficult shapes. It
(Logo) supports students’ discussions and motivation, and also develops students’
thinking, imagination and creativity... The fast and instant visual display of students’
answers allows students to check and explore and correct their wrong answers and

learn.”
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Student-teacher E believed that Logo has several advantages. She said,
“Logo facilitates students’ learning mathematical concepts by inductive reasoning
and exploration, this lets students connect old concepts with current concepts to learn
topics that seem difficult, like geometry and angles. It encourages students to learn
mathematics and like computers. It provides an interactive immediate feedback that
helps learning. Logo encourages group discussion and makes the teacher a facilitator
for mathematics education.”

Student-teacher F said, “Logo provides an interactive environment that lets
students learn and understand mathematics concepts easily. In addition, it supports
and enhances exploration and encourages students’ self-learning and group work.
Using Logo makes students see their mistakes and try to solve them; this promotes
students’ (mathematics) understanding and excitement about learning mathematics.”

Student-teacher B said, “Logo is a simple program and easy to use and useful
for mathematics education. Its use motivates students’ logical thinking, enhances
their spirit for group work and support students’ self learning.” Brous (1995), who
discussed Logo as a tool for the learning-disable child, concurred with Student-
teacher B’s assessment. Brous stated that Logo’s user-friendly language, interactive
programming and procedural description provides a productive milieu for the
learning disabled child. He stated further that in its design it has the potential for
isolating the difficulties which learning disabled children frequently manifest in
assimilating and using new learning.

Finally, student-teacher C considered that Logo “motivates students to think
and imagine and helps students learn and comprehend mathematical topics such as

geometry variables, and computation by allowing them to comprehend the
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mathematical concepts. I mean, students do all the work with teacher support as a
facilitator.”

Concerning student-teachers’ beliefs about the disadvantages of using Logo,
half of student-teachers A, B, and D held the view that Logo has no disadvantages.
For example, student-teacher D said, “Based on the way I used the program, I did not
see any disadvantages. Maybe there is someone who sees that the program has
disadvantages but for me I do not see it has disadvantages.”

In contrast, student-teacher C believed that Logo “might encourage students
not to use the traditional drawing tools such as a compass and ruler since often these
tools did not need to be used when there were computers.” However, a comparison
between Logo-based and non-Logo-based students in a study by Clements, Battista
and Sarama (2001) showed that Logo students scored significantly higher, with
about double the gains of the non-Logo students, on a general geometry achievement
test. This was significant because the test was paper-and-pencil without the use of
the Logo program. This suggests that it is not always the case that Logo inhibits
student’s use of traditional drawing tools.

Finally, because the Logo program needs typing skills from the students,
student-teachers E and F believed that some students would have difficulty in using
the program. Student-teacher E said, “Possibly the students did not know how to use
the computer (ICT) so at the beginning they might find it difficult to know the
directions and where to write the commands.” In addition, student-teacher F believed
teachers will have a difficult time, temporarily, to teach students how to use the
program. She said, “At the beginning teachers will face difficulty teaching the
commands because of students’ differing ability to use the program when typing. But

once students learn and know the basic commands everything will be easy.”
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Underlying this conception is a belief of the importance of making students ICT
literate to benefit the use of ICT and its educational tools.

In summary, student-teachers considered that Logo has instructional
advantages. All student-teachers believed that Logo would create a context for
students to construct their mathematical knowledge. This is in agreement with Papert
(1993), who stated that Logo provides an awareness of the structure of mathematics,
and helps them to think mathematically. In addition, D, E and F considered that
Logo’s visual environment provides a challenging educational context and enhances
students’ learning. Student-teacher B believed that Logo is a simple, easy-to-use
program that motivates logical thinking enhances group work and supports self-
learning. Student-teacher C considered that Logo motivates thinking and imagining
and help students comprehend and conclude the mathematical concepts. This
thinking agrees with Noss (1985; cited in Clements and Sarama, 1997, p. 3) who
stated that in using Logo students would begin to construct a conceptual structure
based on intuitions and primitive conceptions of algebraic notion upon which they
could build later algebraic learning.

Finally, half of the student-teachers A, B and D believed that Logo has no
disadvantages. However, student-teachers C, E and F believed that Logo has
disadvantages. For example, student-teacher C believed that Logo might encourage
students not to use traditional drawing tools such as a compass and ruler. In addition,
student-teachers E and F believed that some students might find it difficult to use the
program because they need to type Logo commands, consequently teachers would
have difficulty until students learned the commands. However, student-teachers E

and F considered it a temporary disadvantage.
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6- Student-teachers’ beliefs about the use of ICT for the teaching and learning
of mathematics

Following completion of the Logo module, the following question was asked:
“What do you think about the use of ICT for the teaching and learning of
mathematics?”

Student-teachers’ answers showed a change in beliefs about the use of ICT
for the teaching and learning of mathematics had occurred as a result of their
experience with the Logo module. All student-teachers A, B, C, D, E and F believed
ICT is useful for mathematics education. For example, during the pre-interviews
student-teachers A and C were uncertain and student-teacher B also did not express
any views about the use of ICT because like other student-teachers they did not
experience ICT in their mathematics class. However, during the post-interview
student-teachers A, B, and C believed that ICT supports students’ learning and
enhances the teacher’s profession. Student-teacher A believed that ICT “would help
students in learning, exploring, and solving problems and being creative. Also, it
helps mathematics teachers in developing lesson plans, teaching, and supervising
students’ learning.”

Student-teacher B said “ICT is useful, makes delivering concepts easy and
makes students think... Helps teachers to deliver the concept for students and they
retain the concept because they experiment themselves. This makes the subject easier
and makes the classroom active and helps students solve the problem by motivating
them to explore and think about the problem and participate with other students so
that he benefits and gets benefited and understands the concept.”

Student-teacher C considered that ICT “helps the teacher when teaching

mathematics and facilitates students to conclude and understand, and reduces
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teacher’s work-load by making him a facilitator. In general, ICT would assist and
enhance the educational process.” A concept that echoes the NCTM technology
principle (2000; cited in Lin, 2008a, p.140) is that “Technology enhances
mathematics learning” and “Technology supports effective mathematics teaching.”
Underlying these ICT instructional advantages was the belief that ICT facilitates
students’ thinking and exploring, experimenting, creativity, ability to conclude, and
understand mathematical ideas and concepts. Consequently, students transform the
learning context from a passive to an active one that enhances students’ construction
of their mathematical knowledge. Sarama and Clements (2001) reported that ICT
“offers unique opportunities for learning (mathematics) through exploration, creative
problem solving, and self-guided” (p.16) and “catalysts” (Clements, 1999, p. 92);
students’ social interaction with “teachers consistently mediating students interaction
with computers” (cf. Samaras, 1991; cited in Sarama and Clements, 2001, p. 13).

Similarly, student-teachers D, E and F considered ICT useful because they
can provide instructional experiences in a context that allows students to involve
themselves actively with mathematics. Additionally, student-teacher D considered
ICT as a beneficial tool not only for the teaching and learning of mathematics but
also for other disciplines and would suggest it saves a teacher’s time. She said,
“Using ICT is useful for mathematics and other subjects because it has
characteristics for education... Everybody can use it and help to enhance students’
thinking and creativity. It saves students’ effort and promotes discussion context, and
saves teacher’s time... because he supervises students’ learning when teaching."

In addition, student-teacher E believed that ICT has the potential to play a
role to support the reforming call for mathematics. She said, “ICT is important and

excellent for the teaching and learning of mathematics. It provides for the use of
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Logo and other educational programs. Using ICT makes the educational process
easier and helps in the attainment of its objectives; it helps students to be creative
and understand the mathematical concepts and helps teachers in the education
process and promotes students’ self learning.”

Finally, student-teacher F said, “It is very excellent, especially because it
includes educational programs that provide motivation and is useful to the student...
It encourages students to explore mathematics problems more easily and try to reach
a solution and learn the concepts. Further, it makes the teacher’s teaching easier and
would help students and teachers search the internet for information and helps
teachers in developing lesson plans.”

In summary, the post-interview showed that student-teachers became more
open about the use of ICT, believing in its usefulness and potential to support and
enhance the teaching and learning of mathematics. This viewpoint echoes the NCTM
(2000) technology principle that “Technology is essential in teaching and learning
mathematics; it influences the mathematics that is taught and enhances students’

learning.”

7- Student-teachers’ previous mathematics classrooms experience

To explore student-teachers’ previous favourite mathematics classroom
experience and its relationship or effect on their beliefs, the following question was
asked: “You may still recall some memories about one or more mathematics
teachers. What was so special about him or her?” The student-teachers recall of their
pre-interviews classroom experience is mentioned in section 6.3.3 (see 7- Student-
teachers’ previous mathematics classrooms experience). In addition, all student-

teachers commented on their Logo sessions experience. For example, student-teacher
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A said, “During the Logo lectures I used something new, that is, the Logo program
and it has helped to enhance my abilities to think and explore. It would be better for
students to explore to learn and use Logo or ICT.” Student-teacher B revealed that
“Logo session’s methods were enjoyable and exciting and the enjoyment was in
using the program and working in a group.” Student-teachers C and D stated
respectively, “The lectures (Logo sessions) showed me how mathematics teaching
and learning could be with educational aids like the Logo program” and “I believe
what I learned about Logo and everything I did either on drawing shapes or
mathematics operations was useful and important for me.”

Student-teacher E believed that “Logo lectures were comfortable and
excellent and useful, and Logo helped to make understanding fast and easier. During
using Logo we drew angles and if it was wrong we drew it until it was right which
helped in understanding.”

Finally, Student-teacher F said, “The lectures were exceptional, especially
when we the learner became responsible for the knowledge and the teacher role was
as the facilitator only. This is something good because knowledge that results from

thinking and exploring is permanent, very useful and unforgettable.”

8- Student-teachers’ personal comments

To allow student-teachers express any additional information they wanted to
include, the following was asked: “Is there anything you would like to talk about that
we have not covered?” Student-teachers offered a number of different comments.
Student-teacher A considered that ICT and Logo would have a positive effect on
mathematics education. A said, “Mathematics education would be better with
computer use and Logo.” Student-teachers B, D, E and F believed there was a

stronger need for computer labs for mathematics instruction. For example, student-

189



teachers B and D stated respectively, “Every school needs to have a computer (ICT)
lab for mathematics teaching and learning” and “When I start my job as a teacher
and, also for other teachers, I would like that we would be provided with a computer
(ICT) lab to enable us to teach mathematics with the use of computer (ICT).” The
student-teachers’ desire for computer labs echoes the position held by the National
Council of Teachers of Mathematics on the role of technology in the teaching and
learning of mathematics: “Technology is an essential tool for learning mathematics
in the 21st century, and all schools must ensure that all their students have access to
technology....” (NCTM, 2008). Tasouris (2009), in discussing constraints that
influence teaching and learning, cited poor ICT equipment, along with the
curriculum plan, textbooks, available time, and inadequate teacher training.
Student-teacher E said “I wish there would be a special lab for mathematics that had
computer program to allow students use Logo.”

In addition, student-teacher F commented on the school’s role concerning
mathematics education reform. F said, “Schools need to provide computers with
educational programs for classrooms and for mathematics labs and provide training
programmes for teachers to learn how to use these programs.”

Finally, student-teacher C believed that schools should facilitate students in
learning about Logo. She said, “I felt sad because my brothers know that there is a

program called Logo in their school but they do not know how to use it at all.”

6.4  Support for the Study Hypothesis

The findings yielded by the results of the pre-test and post-test beliefs
questionnaire as well as the pre-test and post-test beliefs interviews support the
study’s hypothesis, which is: It will be shown that some Mathematics student-

teachers in Kuwait change their guiding educational belief after using the Logo
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programming language in the Methods of Teaching Mathematics course. The
student-teachers will gravitate away from the Traditionalist approach towards the
Constructivist approach, with potentially far-reaching implications for student-
teacher training courses in mathematics and teaching of mathematics in schools.

Ertmer (2005) suggested three strategies that may effect change in teachers’
beliefs about teaching and learning in general and, specifically, beliefs about
technology: (1) personal experiences, (2) vicarious experiences, and (3) social-
cultural influences. The student-teachers in this study experienced all three
strategies. They personally experienced the Logo module which was presented using
constructivist practises. They also had vicarious experience through preparing
mathematical Logo-based lesson plan and practise teaching mathematics with the use
of Logo programming language following principles of constructivism. As Elmore,
Peterson, and McCarthey (1996) stated, “...teachers’ practices are unlikely to
change without some exposure to what teaching actually looks like when it’s being
done differently” (p. 241). In interacting with each other, with the instructor as a
facilitator, and practised peer-to-peer teaching using Logo programming language in
a constructivist context, the student-teachers also experienced the third strategy

suggested by Ertmer, which is social-cultural influence.

6.5 Summary

This chapter illuminates the findings of the data analysis. Chronbach’s Alpha
and inter-item correlations for the questions reliability were provided. Paired-
Samples t-tests assessed whether the means of the two subsections statistically
differed, explored which view student-teachers leaned toward, and whether the

means between pre- and post-test subsections changed, illustrating modified student-
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teachers’ beliefs. Next, specific findings related to the pre-test and post-test beliefs
questionnaire were presented, followed by findings for the pre-test and post-test
interview analysis. The chapter concluded with a reference to the support found for
the study’s hypothesis. The next chapter, which concludes this document, further
explains specific findings within the beliefs questionnaire and the beliefs interview.
The chapter ends with a list of recommendations, a discussion of the limitations of
the study, and recommendations for further research. It concludes with reflections on

my experience gained as a result of conducting this research
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CHAPTER 7
SUMMARY AND CONCLUSION

7.1  Introduction

The aim of this final chapter is to provide a summary and conclusions for this
study derived from the findings reported in the previous chapter. This chapter
contains the following sections: summary of the study, summary of findings along
with conclusions that may be drawn as a result of these findings, recommendations,
limitations of this study, contributions and recommendations for further research,

and reflections on my experiences gained.

7.1.1 Summary of the Study

This study explored mathematics student-teachers’ beliefs prior to and
following their practise in a Methods of Teaching Mathematics course that
incorporated a non-compulsory non-credit bearing Logo module of 24 hours sessions

(see Chapter 5, The Logo Module Course) developed and tought by the researcher.

The intervention for this study was conducted by the auther, as an external
researcher, during the fall semester from September 2007 to January 2008 at the
College of Basic Education in the State of Kuwait. The main purpose of this study
was to investigate mathematics student- teachers’ beliefs and how their beliefs may
have been influenced after their participation on the Logo module course.

Specifically, the study attempted to answer the following questions:

1- What are Kuwaiti mathematics student-teachers’ beliefs toward
mathematics teaching and learning and the impact of ICT? (see section

6.2.1 and 6.3.2 of Chapter 6 Data Analysis and Findings)
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2- What is the effect of using Logo in a mathematics education course on
Kuwaiti mathematics student-teachers’ beliefs toward Logo and the
teaching of mathematics? (see sections 6.2.2, 6.2.3 and 6.3.3 of Chapter 6

Data Analysis and Findings)

The sources of data were the thirty-two (32) student-teachers from Kuwait’s
College of Basic Education who were registered in the Methods of Teaching
Mathematics course that incorporated a non-credit bearing Logo module. The
student-teachers’ initial beliefs were explored and determined prior to their
participation in the Logo module through analyzing their answers in the pre-test
belief questionnaire and in the pre-test semi-structured interview questions. Their
current beliefs were determined following participation in the Logo module through
analyzing their answers in the post-test belief questionnaire and in the post-test semi-
structured interview questions. Data collected provided useful descriptions and
interpretations about their modified beliefs and helped to offer more insight into the
Kuwaiti mathematics student-teachers’ beliefs toward the nature of mathematics,
teaching and learning of mathematics and the use of ICT, in particular the
importance of the inclusion of Logo programming language as an ICT cognitive tool

to enhance the teaching and learning of mathematics.

Weighted means, for student-teachers’ beliefs questionnaire, were computed to

explore and determine the modified student-teachers’ beliefs, as follows:

1- The first three sections of the beliefs questionnaire were divided, based on
the questions type, into two subsections, namely: “Constructivist subsection”

and “Traditional subsection” that is rote learning and memorisation.
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7.2

For each subsection the Paired-Samples t-test (SPSS statistical function) was
used to compute the weighted mean of student-teachers’ answers. This
Paired-Samples t-test function was used to assess whether the means of the
two subsections, when analysed separately, as pre-test and post-test, are
statistically different from each other as well as to explore which view

student-teachers lean towards a Constructivist or Traditional approach.

A Paired-Samples t-test (SPSS statistical function) for equality of means was
used to assess whether the means between the subsections (pre-test and post-

test) had changed and so illustrate a modified student-teachers’ beliefs.

A Paired-Samples t-test for equality of means for the Logo programming
language section was used to assess whether the means between the pre-test

and post-test changed and so illustrate a modified student-teachers’ beliefs.

A Paired-Samples t-test for equality of means for the (ICT) section was used
to assess whether the means between the pre-test and post-test had changed

and so illustrate a modified student-teachers’ beliefs.

Summary of the Findings: Beliefs Questionnaire

The 32 student-teachers were given identical pre-test and post-test

questionnaires consisting of 111 questions that used a Likert rating scale from 1

(Strongly Disagree) to 5 (Strongly Agree), with a mid-point of 3 (Neither Agree nor

disagree). The questionnaire enabled examination of the following student-teacher

beliefs:

1. The Nature of Mathematics, (20 questions: 10 Constructivist and 10

Traditionalist)
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2. The Teaching of Mathematics, (20 questions: 10 Constructivist and 10
Traditionalist)

3. The Learning of Mathematics, (21 questions: 10 Constructivist and 11
Traditionalist)

4. Logo Programme Language (26 questions)

5. Information and Communication Technology (ICT) questions (24

questions)

7.2.1 Pre-Test Findings: Beliefs Questionnaire

As Table 7 in Chapter 6 (Summary of Student-Teachers on the Pre-Test
Beliefs Questionnaire, which is included in section 6.2.1 of chapter 6 Data Analysis
and Findings) showed, student-teachers agreed with both constructivist and
traditional educational perspectives for these sections: The Nature of mathematics,

The Teaching of mathematics, and The Learning of mathematics. The total mean for
a constructivist perspective was of [Y = 3.70]; however, the total traditional

perspective mean exceeded it, at [ X = 4.02]. Placing a higher value on traditional
teaching methods is in keeping with the findings of Alajmi (2009), as well as with
the report by Al-Turkey (2006a, b) regarding the Ministry of Education’s statement
that Kuwaiti students are still taught mathematics by rote learning, and ICT is not
part of the curriculum.

The use of the “Logo programming language” as a cognitive tool for

constructivist learning in mathematics instruction yielded a mean score of [ X =
3.48], which indicated that student-teachers neither agree nor disagree. Student-

teachers showed the same ambivalence for information and communication

technology (ICT), with a mean score of [ X =3.45]. Al-Turkey (2006a,b), Alajmi

196



(2009) and Farjon (2007; cited in Al-Salama, 2007) reported that mathematics
education in Kuwait is taught by rote learning. Furthermore Al-Turkey (2006a,b)
reported that ICT programs are not part of the Kuwaiti curriculum. Their statements
support the above findings; since students learn by rote and memorization, and ICT
programs such as Logo are not part of the curriculum, it is not surprising that the
findings reported ambivalence.

It should be noted that the mean scores for both the Logo programming

language [Y =3.48] and ICT [Y = 3.45] showed neither agreement nor
disagreement. However, as shown in Table 4 (Interpretation for the Computed
Means of Student-Teachers’ Beliefs, which is presented in Section 4.7 of Chapter 4
Research Design and Methodology); both scores were closer to the bottom of the
Agreement scale (3.51- 4.50) than to the neither Neither Agree nor Disagree scale
(2.51-3.50). The fact that ICT education programs exist in all Kuwaiti schools may
have predisposed the student-teachers to at least lean toward being favorably
disposed to these technologies, even though they had not personally experienced
them in their mathematics education classes. Further, one could also surmise that the
rising use of personal computers and the Internet in Kuwait (World Bank, 2010) may
have increased the likelihood that students-teachers had exposure to these resources
and may be at least somewhat favorably inclined toward ICT. World Bank statistics
indicate that Kuwait Internet users per 100 people increased from 6.8 in the year
2000 to 36.7 in 2008. In the same time frame, personal computer users per 100
people increased from 11.4 to 23.7.

The data also showed little variation among the standard deviations for all sections,
indicating that student-teachers’ responses were not very varied. Alajmi (2009)

observed that all teachers in Kuwait use a national textbook and follow the same
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instructional plans supplied by the Ministry of Education. This standardized teaching
may account for the lack of variation in student-teachers’ responses.

Further analysis was also conducted to determine if the differences between
the means for constructivist and traditional beliefs was significant. At the 0.05 level
of significance of the two-tailed levels, no significant difference was noted for the
first three sections between constructivist and traditional beliefs. A possible reason
for this lack of variation is that although the student-teachers held beliefs about
traditional experiences based on years of exposure to these in the classroom
(example: student-teacher A), they also had at least limited exposure to
constructivist-based education principles, as in class discussions which were
mentioned in some interviews (example: student-teacher E), as well as through the
media (television, the Internet); hence they were supportive of new perspectives in
educational practise. Goetz (2000) pointed out, “For students, being exposed to more
than one teacher’s point of view might cause confusion and even bewilderment” (p.
11). The student-teachers’ exposure to multiple views may have resulted in a lack of
significant difference in their views about the constructivist and traditional

educational perspectives.

7.2.2 Post-Test Findings: Beliefs Questionnaires

As Table 9 (Summary of Student-Teachers on the Post-Test Beliefs
Questionnaire, which is included in section 6.2.2 of chapter 6 Data Analysis and
Findings) showed, student-teachers showed agreement with constructivist
educational perspective for these sections: The Nature of mathematics, The Teaching
of mathematics, and The Learning of mathematics. For those same sections, student-

teachers neither agreed nor disagreed with a traditional educational perspective. The
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total constructivist beliefs mean showed strong agreement [ X = 4.18], while the total
traditional beliefs mean was [Y = 3.21]. In addition, student-teachers showed

agreement with the Logo and ICT questions, with means of [ X =4.11] and [ X =
3.93], respectively.

The means for The Nature of mathematics, The Teaching of mathematics and
The Learning of mathematics answers were examined to determine whether the
differences between constructivist and traditional beliefs mean scores were
significant. The two-tailed significance test verified a significant difference between

constructivist and traditional beliefs in all cases at the 0.50 level of significance. The

means for Logo [Y =4.11] and ICT [Y = 3.93] questions also showed agreement
with the use of these technologies. In addition, the two-tailed significance test also
showed a significant difference, at the 0.50 level of significance, between the pre-test
and post-test for Logo and ICT.

The Pre-test and Post-test Questionnaires were also compared using the
Paired-Samples t-test to assess the change in the equality of means, as shown in
Table 12 (Summary of Student-Teachers on the Pre-Test and Post-Test Beliefs
Questionnaires, which is included in section 6.2.3 of chapter 6 Data Analysis and
Findings). Where traditional and constructivist values were measured, in all cases
the post-test constructive beliefs means increased, while traditional beliefs means
decreased. The respondents’ constructivist beliefs mean score in the post-test was
increased significantly while the traditional beliefs mean score was decreased

significantly. Further, where Logo and ICT were measured, agreement means
increased in both cases, from [Y =3.48] to [Y =4.11] for Logo and from [Y =

3.45] to [Y = 3.93] for ICT. For both Logo and ICT, the change was significant.
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A comparison of the pre-test and post-test results showed resounding support
for the study’s hypothesis: It will be shown that some Mathematics student-teachers
in Kuwait change their guiding educational beliefs after using the Logo
programming language in the Methods of Teaching Mathematics course. The
student-teachers will gravitate away from the Traditionalist approach towards the
Constructivist approach, with potentially far-reaching implications for student-
teacher training courses in mathematics and the teaching of mathematics in schools.

One possible reason for this support is because these student-teachers are
among the growing population in Kuwait who use the Internet and computers, as
indicated earlier (World Bank, 2010). Possibly at least some of the student-teachers
were more disposed to accepting new thinking about ICT, and its programs such as
Logo, because of this exposure. While it is true that many current student-teachers
and teachers do not have prior experience in the use of technology as part of their
own educational experience, and this could influence their beliefs, technology as a
ubiquitous presence has the power to affect beliefs in a way that is greater than ever
before, regardless of past experience.

Another reason that may be surmised is that the results are due to the
Hawthorne effect (Merrett, 2006): student-teachers may have demonstrated
increasing beliefs in the use of constructivist approaches and of logo and ICT
because they were aware of the fact that these topics were being studied, and wanted
to appear in agreement with the researcher.

More reason that may be surmised is that the results are due to external
affective factors such as peer pressure, or something they read or the impact of

another lecture or module.
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However, it must also be pointed out that a wide body of existing research
supports the notion that student-teachers react positively when exposed to
constructivist pedagogy and teaching with ICT (Russell et al. 2003; Swan and Dixon,
2006, So and Kim, 2009). Further, the particular high and low values that were
affected in this study lend credence to the idea that the student-teachers did indeed

change their guiding educational beliefs. Among the questions that measured

constructivist/traditionalist beliefs, the highest post-test mean achieved [ X = 4.22]
supported the constructivist view for “The Learning of mathematics.” This supports
the notion that the student-teachers’ beliefs were indeed positively affected when
they experienced the opportunity to learn with the use of Logo as an ICT cognitive
tool in a constructivist setting that allowed exploration, investigation, analyzing and
manipulating images, and cooperative learning where learners talked among
themselves, discussed and shared their ideas and constructed mathematical
knowledge in a way that their traditional learning environment can not offer. One is
reminded of the work of Yelland and Masters (1995) and Gusky (2002, cited in
Levin and Wadmany, 2006). Yellend and Masters stated that students and teachers
when using Logo become engaged in a learning context of exploration and
investigation that can not be achieved without the technology. Gusky observed that a
change in teachers’ beliefs is primarily an experientially-based learning process.
Levin and Wadmany deduced that “when teachers translate the abstract ideas
concerning the integration of technology in their teaching practises they are likely to

broaden their ideas or views on learning, teaching, and technology” (p. 161).

For this same set of questions, the lowest post-test mean achieved [ X =
3.11] was for the “The Teaching of mathematics” using a traditional perspective. It

can be assumed that when the student-teachers experienced being taught using Logo
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as an ICT tool that supports constructivist principles, their regard for the value of
teaching traditionally was lessened. As a matter of fact, the greatest mean difference

(.95) was in the area of “The Teaching of mathematics”, with the Traditional view

dropping from a pre-test high of [ X = 4.07] to a post-test low of [ X = 3.11]. As the
student-teachers had the chance to experience the Logo module in the class as
students and as teachers, their reaction to the “Teaching of mathematics” view was
the greatest. These are among the factors that underscore the likelihood that the
student-teachers beliefs were altered following their participation in the Logo
module in the class.

When responding to the questions about the use of Logo and ICT, in each case
the student-teachers demonstrated significant changes in their beliefs between the
pre-test and post-tests. Post-tests may have showed improvement because at the end
of the Logo module the student-teachers felt more confident with the use of ICT and
Logo, and this confidence was reflected in the mean scores. This can also be seen in
the statements the student-teachers (A to F) made during the post-interview about
wanting to use Logo and ICT in their future classroom teaching. These findings
concur with Lin (2008a) who investigated the efficacy of providing web-based
workshops on elementary school mathematics topics as a means of enhancing
teacher comfort with the subject matter. All participants in that study stated that the
workshops helped them to become more confident in using computers to teach
mathematics. In addition, Dawson (2006, cited in So and Kim, 2009) asserted that
student-teachers were able to integrate technology in a more desirable way as a result
of their participation in technology-enhanced field experiences lessons. A number of
researchers have agreed that Logo is rich in mathematical context that enhances

students’ interest and enthusiasm for meaningful intellectual engagement, creates
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opportunities to sharpen their thinking, has the ability to increase nonverbal
reasoning, problem-solving abilities, supports the learner to achieve to understanding
of a wide range of mathematical concepts, and ultimately improves learning
outcomes (e.g. Murchie, 1986; Papert, 1993; Clements and Sarama, 1997; Bigge and

Shermis, 1999; and Lindroth, 2006).

7.2.3 Summary of the Findings: Constructivist and Traditional Total Means

For the “The Nature of mathematics,” “The Teaching of mathematics” and

“The Learning of mathematics,” questions, in both the pre-test [ X =3.70] and post-

test [Y = 4.18] student-teachers showed agreement with constructivist beliefs. The
post-test mean went up, probably in response to the opportunity the student-teachers
had to experience constructivist teaching supported by Logo, as both students and as

teachers. Although their pre-test mean showed agreement with constructivist

teaching, it was second to their support for traditional teaching [ X = 4.02], possibly
it was due to the fact that that their experience resided in traditional teaching, both as
students and as teachers. Following exposure to constructivist teaching in an applied

setting using Logo, the student-teachers reconsidered their beliefs, and the post-test

traditional mean dropped [ X = 3.21].

7.3  Summary of the Findings: Beliefs Interview

A semi-structured interview of seven questions was administered to six
student-teachers as both a pre-test and post-test interview. The interview questions
attempted to ascertain student-teachers’ beliefs about the same topics addressed in

the beliefs questionnaire: The Nature of mathematics, The Learning of mathematics,
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The Teaching of mathematics, Logo programming language as a tool for the
teaching and learning mathematics, and information and communication technology
(ICT). In addition, questions were asked about the advantages and disadvantages of
using Logo, and student-teachers’ previous mathematics classrooms experience. The
interview concluded with an eighth open-ended question that gave the students an
opportunity to add any other comments they wanted to make. For the interview
analysis procedure (see section 4.8 The Statistical Data Analysis Procedure:

Interview).

7.3.1 Pre-Test Findings: Beliefs Interview

Student-teachers routinely expressed traditionalist views which were in
keeping with their previous classroom experience. For instance, they described
mathematics as “rules and procedures.” However, some student-teachers (C, D, E,
and F) also demonstrated a broader view of the nature of mathematics and implied
that mathematics frees and broadens human thinking. There was also a dichotomy
regarding the learning of mathematics. While some espoused the lecture setting and
rote learning (student-teachers A and B), others student-teachers (C and D) valued
rote learning and discussion, and still others student-teachers (E and F) saw the value
of discussion and investigation as part of learning. Not surprisingly, student-teachers
such as A and B who held traditional beliefs about learning mathematics also held
the same views about teaching mathematics; student-teachers such as C and D who
held both traditional and constructivist beliefs about learning mathematics also held
the same views about teaching mathematics. The remaining student-teachers (E and
F) who embraced constructivist beliefs about learning mathematics also embraced

the same view about teaching mathematics.
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For the question about Logo, student-teachers were unable to supply opinions
as they had no direct experience. Student-teachers did hold a variety of opinions
about ICT, although only one student-teacher (E) had direct experience with QBasic
program during her mathematics class at the college. Student-teacher (D, E and F)
believed that ICT was beneficial.

When student-teachers were asked about their previous mathematics
classroom experience, student-teachers (A and B) indicated that they had
experienced traditional lectures and rote learning as their classroom experience.
Student-teachers (E and F) remembered participating in group discussions. Student-
teachers (C and D) as students had classroom experiences in which rote learning and
groups were employed. In addition, student-teacher (D) as a student had a classroom
experience in which PowerPoint was used, and problems were solved slowly, step by
step, followed by discussion.

What we see here is some diversity within the student-teachers’ experiences.
Some student-teachers had exposure to constructivist-like teaching, such as group
discussion, which may explain why their constructivist total means on the pre-test

questionnaire were positive.

7.3.2 Post-Test Findings: Beliefs Interview

Post-test findings showed an evolution in student-teachers’ beliefs (student-
teachers A and B) to using more dynamic expressions such as “explore, creative and
logic thinking.” Their earlier positions had been to use rules and procedures.
Student-teacher C also felt that mathematics makes us think and compute. Student-

teachers (D and E) also expressed new ideas. For instance, (D) felt that mathematics
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is an active subject, while (E) felt it was a base for other disciplines. Student-teacher
(F) felt that mathematics contains rules and procedures but also opens thinking.

Student-teachers also showed changes in their beliefs about learning and
teaching mathematics following their exposure to the Logo module. Student-teachers
(A and B) came to consider a combination of two perspectives for learning
mathematics: instrumentalist approaches and approaches incorporating the Logo
program as an ICT tool that supports the constructivist perspective. Student-teachers
(C, D, E, and F) showed much larger changes towards constructivist perspective.

All student-teachers expressed excitement about the use of Logo following
their participation in the module. Their excitement about the program was evident in
the number of positive responses received. Further, their beliefs about the use of ICT
in the classroom showed a new openness and a belief in its potential to support and
enhance the teaching and learning of mathematics. The student-teachers’ responses
are in keeping with the findings of So and Kim (2009) following their work with pre-
service teachers in context of integrating problem based learning (PBL). So and Kim
reported, “participants were able to identify major characteristics of PBL such as
authentic tasks, collaborative learning, student centred learning, and teachers as
facilitators. Additionally, pre-service teachers perceived that PBL pedagogy
provided students with several advantages including independent learning,
metacognitive and critical thinking, problem solving skills, collaborative learning
skills, and transfer to real life problems” (p. 8).

Following their brief and enjoyable foray into the world of using Logo as an
ICT tool in the classroom, the student-teachers, (A to F), were excited and stated
they wanted to use ICT and its tools, in particular Logo, in their own future

classrooms.
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7.4 Recommendations

As a result of my experience in conducting this study and analyzing its

findings, the changes outlined below in the Kuwaiti teacher education programs and

the Kuwaiti school system are recommended.

Train existing college professors in the use of Logo as an ICT tool that
supports constructivist learning within the classroom so they may
integrate these practises into the mathematics teacher preparation
curriculum. This experience will give them an opportunity to reflect on
and reevaluate their own beliefs. Furthermore, it will help prepare
student-teachers to use these technologies in their future classrooms to
enhance the educational process.

Provide in-service development courses for existing mathematics teachers
in Kuwaiti schools in the use of Logo as an ICT tool that supports

constructivist learning for mathematics education.

In order for this to be effective we need to:

Revise existing technology standards to also integrate ICT in the
classroom, with particular attention to programs such as Logo that have
proven their effectiveness in enriching the teaching and learning of
mathematics.

Redesign the existing ICT courses so the focus is not just on how to use
ICT, but rather to see it as an integrated tool for teaching and learning for
mathematics education.

Incorporate ICT in general and Logo in particular, in the mathematics
curriculum, and in other subjects (for more details about the impact of

using Logo in education, please see section 3.5 How Logo Supports the
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Development of Mathematical Knowledge and Understanding of
Education of Chapter 3 Literature Review)

e Develop ICT-based teaching modules that incorporate the use of Logo
which mathematics teachers can share and re-use to help them integrate
ICT and Logo into their curriculums.

¢ Provide special ICT labs for mathematics instruction in Kuwaiti schools.

7.5  Limitations of This Study
This study was conducted under the following limitations; as a result, it is
unknown if these finding would generalize to other populations:
¢ Only female student teachers enrolled in a mathematics teaching methods
course at the College of Basic Education in the State of Kuwait were
included in this study.
¢ No male student-teachers were enrolled in this course since it was
discontinued for male students after a new education law changed the
teaching system in Kuwait elementary schools.
e All 32 participants were members of the same course (Mathematics Teaching
Methods) in the same school (College of Basic Education).
e The researcher, as an external researcher, conducted the intervention.
e The Calculated Chronbach’s alpha for some subsections was low, as
discussed in Section 6.2.1.
¢ Some of the questionnaire statements failed to correlate with other
statements, as shown in Tables 6 and 8.

e The use of multiple t-tests increases the risk of type one errors.
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7.6 Contributions and Recommendations for Further Research

This research has contributed to the field of mathematics education and the
use of Logo programming language as an ICT cognitive tool in mathematics

instruction by:

¢ (larifying Kuwaiti mathematics students-teachers’, accepting the sample
was all female, beliefs about using Logo as an ICT cognitive tool for
mathematics instruction since as of yet no study has been done on this
topic in Kuwait.

¢ (Clarifying Kuwaiti mathematics student-teachers’ beliefs about the nature
of mathematics, teaching mathematics, learning mathematics, the use of
Logo for the teaching and learning of mathematics, and the use of ICT in
mathematics instruction.

e Shedding light on Kuwaiti student-teachers’ beliefs toward integrating
Logo in their future classrooms.

¢ Providing background and underlying data to help the Ministry of
Education to develop a scheme to incorporate ICT in general and Logo
programming language in particular in the mathematics curriculum.

¢ Providing background and underlying data to assist the College of Basic
Education to develop a strategy for student-teachers to use ICT and its
cognitive tools such as Logo to help improve the teaching and learning of
mathematics (especially in the schools of Kuwait).

e Helping to build a more complete theory concerning mathematics
student-teachers’ beliefs about the nature of mathematics, the teaching

and learning of mathematics, and the use of Logo and ICT.
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Providing background and underlying data for further research on
mathematics student-teachers’ beliefs and mathematics teaching methods
with the use of ICT.

Providing background for further research to explore if using Logo in the

mathematics classroom helps pupils learn more effectively in Kuwait.

In addition, this study was conducted under some limitations (see section

7.5); however, it is suggested that the study’s limitations will be ameliorated by re-

executing this study as follows:

7.7

Replicate with a larger and more diverse sample; including male students.
Follow student-teacher’s progress through their teacher-training and
beyond into their professional work.

Use a control group and an experimental group, and compare findings.
Use ICT and its cognitive tools, such as Logo, across other subject
disciplines.

Reword statements that failed to correlate with other statements in the

questionnaire (see Tables 6 an 8).

Concluding Comments and Reflections on My Experience

In conclusion, this study outcome showed a strong change in student-

teachers’ beliefs in support of the use ICT in general, and in particular the use of

Logo in their future mathematics instruction, as well as using constructivist teaching

pedagogies in Kuwait schools. The researcher believes that successful

implementation of the reform and the inclusion of ICT and its tools such as Logo in

mathematics instruction relies deeply on teachers’ beliefs about the usefulness of the

approaches and the tools. Therefore, if we are to cause teachers and student-teachers
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to evaluate and reflect on their beliefs about ICT in general, and in particular Logo,
we must incorporate opportunities and create situations to engage them in reflective
practises, active mathematics knowledge building where their beliefs are faced and

re-evaluated as it was done in this study.

This study, approach and the outcome, provided an opportunity for me to
reflect on and practise my own evolving ideas about constructivist teaching and the
integration of ICT and its tools in general, and in particular the use of Logo, into the
teaching curriculum. Through the years of my graduate studies, I progressed through
the same migration in beliefs as demonstrated by the student-teachers in this study.
Like the student-teachers who participated in this study, my earlier experience was
based in traditional teaching. In this final paragraph of my dissertation, I wish to
reflect on statements made in my opening paragraph of Chapter 1. Kuwait’s
educational system is confronted by the sad reality of Kuwaiti learners’ poor
performance in mathematics, both nationally and internationally. The Kuwait
Ministry of Education has over the years made a substantial commitment toward
education reform, including reform in mathematics, but the fact remains that
inclusion of ICT and its tools such as Logo that support the constructivist perspective
are not yet being accorded the kind of serious attention they deserve. I believe that
Kuwait must change its pedagogical underpinnings and embrace these strategies as

core components of the Kuwaiti education model.
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To whom it may concern.

04 September 2007

Dear Sir or Madam

NOTTINGHAM®
TRENT UNIVERSITY

Ms Basia Filipowicz

Research Administrater

Nottingham Trent University Graduate School
Arts, Humanities and Education

Clifton Lane

Nottingham

NG11 8NS

Tel: +44 {0)115 848 6337
Fax: +44 (0)115 848 6339
Email: basia.filipowicz@ntu.ac.uk

Re: Mr Nabeel Sulaiman (DOB 19.05.1866)

This letter is to confirm that Mr Nabeel Sulaiman is registered as a full-time PhD
Research Student in the School of Education at Nottingham Trent University. His
supervisory team consists of Dr Tony Cotton, Mr Kevin Delaney and Mr Peter Bradshaw
from the School of Education. Mr Sulaiman started his studies on 8" January 2007 and is
expected to submit a completed thesis no later than 7% January 2011, which is the

maximum time of 4 years allowed for full-time study.

As part of his research into Mathematics Education, Mr Sulaiman requires to carry out
some fieldwork at the College of Basic Education in Kuwait between the dates of 17
September 2007 and February 2008. Nottingham Trent University would like to express
their gratitude and appreciation to the institution for accommodating his research.

If you have any further queries please do not hesitate to contact me.

Yours faithfully

Lot

Ms Basia Filipowicz
Research Administrator

e L
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Appendix B

Participation Consent Letter

(English and Arabic Version)
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Nottingham Trent University

School of Education

Dear student,

I am a PhD student at School of Education in Nottingham Trent University, United
Kingdom. I am conducting a research study to Explore Kuwaitis Mathematics
Student-Teachers’ Beliefs about the use of Logo and the teaching and learning of
mathematics. Therefore, I request your assistance by inviting you to participate in
this study. Your participation would help to improve and develop mathematics
teaching and learning in schools of Kuwait and the incorporating of Logo
programming language.

Your participation is voluntary and will not affect your grades. There are no risks to
you or to your privacy if you decide to participate to my study. But if you choose not
to participate that is fine. However, your participation is crucial to helping me in my

study. I would greatly appreciate your participation.

If you have questions regarding your rights as a research participant, or if a problems
arise which you do not feel you can discuss with the researcher, please contact
Nottingham Trent University, Graduate Research School tel: (+44) (115) 9418418 or

by email Dr. Tony Cotton tony.cotton @ntu.ac.uk.

This section indicates that you are giving your informed consent to participate
in the research.

The Participant’s consent:
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I confirm that I have red this consent and understand the information provided, and
do agree to participate in this study. I do understand that my participation in this
study is voluntary and that I am able not to participate in the study any time by
informing Nabeel Sulaiman personally or by email at n0182005 @ntu.ac.uk.

I am 18 years of age or older.

I understand that I will receive a copy of this signed consent form.

Participant’s Signature: Date:

Thank you for your participation.

Nabeel A. J. Sulaiman

PhD Students, Nottingham Trent University
School of Education

Email: n0182005 @ntu.ac.uk
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Appendix C

Questionnaire Consent Letter

(English and Arabic Version)
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Nottingham Trent University
School of Education

Dear Student,
I am a PhD student at School of Education in Nottingham Trent University, United
Kingdom. I am conducting a research study to Explore Kuwaitis Mathematics
Student-Teachers’ Beliefs about the use of Logo and the teaching and learning of
mathematics. Therefore, I request your assistance by inviting you to participate in
questionnaires. The insights gained from this questionnaire will provide helpful
information, clarify mathematics student-teachers’ beliefs and help me to accomplish
my research. The results would help to improve and develop mathematics teaching
and learning in schools of Kuwait and the incorporating of Logo. The completion of
this questionnaire will take about 50 minute.
Your participation is voluntary and you are free to discontinue at any time. As a
participant you have the right to ask for clarification and deny answers to questions.
All information you provide will be kept strictly confidential and the researcher and
the researcher’s supervisors would be the only one who could access this
information, your name will never be used or associated with the study.
There are no risks to you or to your privacy if you decide to participate to my study.
But if you choose not to participate that is fine. However, your participation and your
opinions are crucial to helping me obtain answers to my research questions. I would
greatly appreciate your taking the time.
If you have questions regarding your rights as a research participant, or if a problems
arise which you do not feel you can discuss with the researcher, please contact
Nottingham Trent University, Graduate Research School tel: (+44) (115) 9418418 or

email Dr Tony Cotton tony.cotton @ntu.ac.uk
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This section indicates that you are giving your informed consent to participate
in the research.

The Participant’s consent:

I confirm that I have red this consent and understand the information provided, and
do agree to participate in this questionnaire. I do understand that my participation in
this questionnaire is voluntary and that I am able not to participate in this
questionnaire any time by informing Nabeel Sulaiman personally or by email at
n0182005 @ntu.ac.uk.

I'am 18 years of age or older.

I understand that I will receive a copy of this signed consent form.

Participant’s Signature: Date:

Thank you for your participation.

Nabeel A. J. Sulaiman

PhD Students, Nottingham Trent University
School of Education

Email: n0182005 @ntu.ac.uk
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Appendix D

Interview Consent Letter

(English and Arabic Version)
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Nottingham Trent University
School of Education

Dear Student,
I am a PhD student at School of Education, Nottingham Trent University, United
Kingdom. I am conducting a research study to Explore Kuwaiti Mathematics
Student-Teachers’ Beliefs about the use of Logo, and the teaching and learning of
mathematics. Therefore, I request your assistance by inviting you to participate in a
semi-structured interview. The insights gained from this interview will provide
helpful information, clarify mathematics student-teachers’ beliefs and help me to
accomplish my research. The results would help to improve and develop
mathematics teaching and learning in schools of Kuwait through the incorporating of
Logo. The completion of this interview will take about one (1) hour.
Your participation is voluntary and you are free to discontinue at any time. As a
participant you have the right to ask for clarification and deny answers to questions.
The interview will be audio recorded, all information you provide will be kept
strictly confidential and the researcher and the researcher’s supervisors would be the
only one who could access this information, your name will never be used or
associated with the study.
There are no risks to you or to your privacy if you decide to participate to my
interview. But if you choose not to participate that is fine. However, your
participation is crucial to helping me obtain answers to my research questions. I
would greatly appreciate your taking the time.
If you have questions regarding your rights as a participant in this interview, or if a

problems arise which you do not feel you can discuss with the researcher, please
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contact Nottingham Trent University, Graduate Research School tel: (+44) (115)

9418418 or email Dr Tony Cotton tony.cotton@ntu.ac.uk

This section indicates that you are giving your informed consent to participate
in the research.

The Participant’s consent:

I confirm that I have red this consent and understand the information provided, and
do agree to participate in this interview. I do understand that my participation in this
interview is voluntary and that I am able not to participate in this interview any time
by informing Nabeel Sulaiman personally or by email at n0182005 @ntu.ac.uk.

I'am 18 years of age or older.

I understand that I will receive a copy of this signed consent form.

Participant’s Signature: Date:

Thank you for your participation.

Nabeel A. J. Sulaiman

PhD Students, Nottingham Trent University
School of Education

Email: n0182005 @ntu.ac.uk
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Appendix E

Beliefs Questionnaire

(English and Arabic Version)
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Student-teachers' Beliefs Questionnaire

Background Information

Instructions: Please fill in the blank or circle the choice that best answer the

following questions

Your Name:

Male Female

Age:

Year in College — (e.g. I=Firstyear) 1 2 3 4 5

Where did your first experience with ICT take place? (circle all that apply)
Elementary school  Intermediate school Secondary school College

University Other (specify)

On the average, how many hours a day do you spend using ICT?

Have you ever used ICT to do the following?

a. | Word processing alot a little never

b. | Data presentation alot a little Never

c. | Information analysis | a lot a little Never

d. | Database alot a little Never
management

e. | E-mail a lot a little Never

f. | Developing a web alot a little Never
site
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8- Have you ever experienced the use of ICT in your college mathematics courses?
No Yes

if yes, please indicate the following:

Year Course ICT Application
(e.g. 1=First year...) | (e.g. CS135...) | (e.g. Geometer’s sketchpad,
Logo, Excel...)
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Belief Questionnaire
Instructions: For each item, please circle one number that indicates how you feel

about the statement as indicated below.

Strongly Agree | Agree | Undecided | Disagree | Strongly Disagree

SA A U D SD

Part I. Nature of Mathematics

No. Statement SA|A|U|D|SD
Mathematics is an evolving, creative human
1. | endeavor in which there is much yet to be S 1413121
known.
Mathematicians are hired mainly to make
2. | precise measurement and calculations for 51413121

scientist and other people.

There are often many approaches to solve a

3 mathematics problem. S| A3zl

4 ‘In mathematics something is either right or it s lalzlol 1
is wrong.

s Mathematlcs .1nvolves relating many different s lalzlol 1
ideas and topics.

6. Mathematics problems can be solved in only s lalzlol 1
one approach.
The mathematical ideas can be explained in

7. S5 1413121
everyday words that anyone can understand.

3 Mathematics consists of unrelated ideas and s lalzlol 1

topics.

In different cultures around the world there are
different models of mathematics.

In mathematics, perhaps more than other

10. . .
areas, one can find set routines and procedure.

Everything important about mathematics is

1 already known by mathematicians.

Solving a mathematics problem usually

12 involves finding a rule or formula that applies.

Many of the important functions of
mathematician are being taken to provide a
foundation for information and
communication technology.

13.

Doing mathematics frequently involves

14. exploration.

Mathematics is a rigid discipline which
15. | functions strictly according to inescapable 51413121
rules.
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No.

Statement

SA

SD

16.

Mathematics has so many applications
because its models can be interpreted in so
many ways.

17.

In mathematics, perhaps more than in other
fields, one can display originality and
ingenuity.

18.

Mathematics is essentially the same all over
the world.

19.

Doing mathematics involves creativity,
thinking, and trial-and-error.

20.

The mathematical ideas can be explained only
by technical mathematical language and
special terms.

Part II. Teaching of Mathematics

No.

Statement

SA

SD

1.

Teacher should show students the exact
approach to answerer the mathematics
question.

The teacher must always present the content in
a highly structured manner or follows the
lesson plan as closely as possible.

Good mathematics teaching involves class
discussion in which students share thoughts
and discuss meaning.

Good mathematics teachers always plan for
students to work individually to practise
mathematics.

The teacher should consistently provide
students the opportunity to discover concepts
and procedures for themselves.

Information and communication technology is
an essential aspect of good mathematics
teaching.

Mathematics teacher should consistently give
assignments which require research and
original thinking.

Teachers should provide examples of problem
solutions and help students learn to replicate
them when doing problems.

The teacher should always devote time to
allow students to find their own methods for
solving problems.

10.

Good mathematics teachers often consider the
student preferences when planning lessons.
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No.

Statement

SA

SD

11.

Teachers should show students lots of
different approaches to look at the same
questions.

12.

Good mathematics teachers only teach what is
essential for mathematics exams.

13.

Good mathematics instructions progress in
planed step-by-step sequence towards the
lesson objectives.

14.

Good mathematics teachers always work
sample problems for students before making
an assignment.

15.

Mathematics teachers’ role is to provide
student with activities that encourage them to
wonder about and explore mathematics.

16.

Good mathematics teachers always show
students the quickest way of solving a
mathematics problem.

17.

Mathematics teacher must make assignments
on just that which has been thoroughly
discussed in classroom.

18.

Good mathematics teachers frequently give
student assignments which require creative or
investigative work.

19.

Class discussions, collaborative and
cooperative group work are important aspects
of good mathematics teaching.

20.

Good mathematics teachers plans so that
students regularly spend time working without
information and communication technology to
practice doing mathematics.

Part III. Learning of Mathematics

No.

Statement

SA

SD

1.

Students who have access to information and
communication technology learn to depend on
them and do not learn mathematics properly.

Information and communication technology is
essential tool for investigation, examination,
construction and consolidation of ideas when
students learning mathematics.

Students must be encouraged to develop and
build their own mathematical ideas and
procedures, even if their attempts contain
much trail and error.
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No.

Statement

SA

SD

Learning mathematics is a process in which
students absorb information, storing it in
easily retrievable fragment as a result of
repeated practice and reinforcement.

Use of physical tools and real life examples to
introduce mathematics ideas is an important
component of learning mathematics.

Teachers must value times of uncertainty,
conflict and surprise when students are
learning mathematics.

Understanding mathematical ideas and
procedures is important in mathematics
learning.

Mathematics learning is improved if students
are encouraged to use their own interpretation
of ideas and their own procedures.

Teachers centered and students’ individual
work is essential in mathematics learning.

10.

Students can learn mathematics out of school
while participating in ordinary everyday
activities.

11.

Students’ mathematics mistakes always reflect
their current understandings of ideas or
procedures.

12.

Mathematics learning is all about learning to
get the right answer.

13.

Student best learn mathematics by being
shown the correct ways to interpret
mathematical symbols, situations and
procedures.

14.

Students’ mathematics errors are usually
resulting of lack of practice.

15.

Mathematics is learnt in schools only.

16.

Students learn mathematics best if they are
shown clear, precise step-by-step procedures
for doing mathematics.

17.

Learning mathematics should be an active
process.

18.

A memory of mathematical facts and
procedures is essential for mathematics
learning.

19.

A quiet classroom is generally needed for
effective mathematics learning.

20.

Argumentation, proving, problem solving, and
collaboration among students and between
students and teachers is essential in
mathematics learning.
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No. Statement SA SD
Practicing many problems is the best way for
21. . 5 1
students to learn mathematics.
Part IV. Logo Programming language
No. Statement SA SD
Mathematics is more interested and motivated
1. . 5 1
with Logo.
’ Using Logo to solve mathematics problems 5 1
" | makes the problems easier to understand.
3. | Doing mathematics with Logo is enjoyable. 5 1
4 Mathematics is more understandable with 5 1
" | Logo.
Logo is essentials for construct mathematical
5. . 5 1
models and ideas.
6 Sophisticated mathematical concepts are made 5 1
" | accessible by Logo.
7 Logo is important for mathematical 5 1
" | exploration.
3 Mathematics is easier if Logo is used to do 5 1
" | mathematics.
Logo can help students to learn the process of
9. | mathematics (e.g. the general strategies of 5 1
problem-solving).
Logo promotes personal skills (e.g.
10. . . 5 1
collaboration and cooperation).
11 Interest in mathematics creativity is aroused 5 1
" | with Logo mathematical activities.
12 Logo can support the way learners construct 5 1
" | their own learning.
13, Logo s.timulates mathematics thinking and 5 1
reasoning.
Logo is significant to improve quality of
14. : : 5 1
mathematics teaching.
15 Logo will help me with my teaching 5 1
" | profession.
The use of Logo will give me the opportunity
16. | to be learning facilitator instead of information | 5 1
provider.
Logo encourages new teaching and learning
17. | styles (e.g. investigations discussion and 5 1
cooperative group work).
18 Teaching mathematics with Logo makes me 5 1
" | more competent and confident.
19. | Using Logo enable me to be creative teacher. 5 1
20 Logo will dramatically improve my method of 5 1
" | teaching.
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No. Statement SA SD
71 Logo would enrich my instruction with 5 1
" | creative activities.
2 The use of Logo in schools is generally 5 1
" | needed for learning mathematics better.
23. | Learning more about Logo is worthwhile. 5 1
2. I look fgrward to using Logo in mathematics 5 1
1struction.
Mathematics instruction would be very
25. | . . . 5 1
interesting with Logo.
26 Logo will make my instruction difficult to 5 1
manage.
Part V. Information and Communication Technology (ICT)
No. Statement SA SD
1 ICT would motivate students to explore 5 1
" | learning.
’ ICT will improve the overall quality of 5 1
" | education.
Teacher training programs should incorporate
3. : . N 5 1
ICT instructional applications.
4 ICT can be useful instructional aid in almost 5 1
" | all subject areas.
The use of ICT reduces interaction and
5. . 5 1
collaboration between learners.
6. | ICT can not enhance remedial education. 5 1
Using ICT would change the teachers’ role
7. | from information provider to learner 5 1
facilitator.
3 ICT is not an affective instructional tool for 5 1
" | students of all abilities.
Using ICT will improve students’ attitudes
9. . 5 1
towards schooling.
ICT helps teachers organize, control and save
10. | .7 . \ oo 5 1
time in schools’ responsibility.
11. | ICT stifle creativity among learners. 5 1
Using ICT offers teachers and learners new
ways to approach mathematics (e.g. the
12. |. . . 5 1
introduction of more problem-solving,
investigation and mathematical discussion).
13 ICT can support the variety of ways learners 5 1
" | construct their own knowledge and skills.
14 The frustrations created by ICT are more 5 1
" | trouble than they are worth.
15 Colleges’ educators need to know how to use 5 1
" | and incorporate ICT as instructional tools.
16 Learning about how to use ICT is boring to 5 1
me.
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No. Statement SAIA|U|D|SD

17. | 1 feel comfortable utilizing ICT. S 1413121

18, Using ICT makes me feel tense and s lalalo]| 1
uncomfortable.

19, The use of ICT .W.lll nggatlve affect my s lalalo]| 1
instruction proficiencies.

20. | I'believe I could teach using ICT. S |413]12] 1

21 I would‘ like to learn to use ICT in my s lalzlol 1
1nstruction.

2. Learn‘mg.more abouF incorporating ICT in s lalzlal 1
teaching is worthwhile.

23. | All teachers should use ICT. S 1413121

o The use of ICT in schools will affect negative s lalalo] 1

students’ attitudes toward learning.

Thank you again for your participation. ©
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Appendix F

Beliefs Interview Questions

(English and Arabic Version)
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How would you describe mathematics?

In your opinion, how mathematical concepts (e.g. computation, geometry,
algebra, etc.) are best learned?

How do you think mathematics should be taught?

What do you think about the use of logo as an ICT tool for the teaching and
learning of mathematics?

In your opinion, what do you consider to be the advantage / disadvantage of the
use of Logo in teaching and learning mathematics?

What do you think about the use of ICT for teaching and learning mathematics?
You may still recall some memories about one or more mathematics teachers,
what was so special about him / her?

Is there anything you would like to talk about that we have not covered?
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Appendix G

The Logo Module
(English and Arabic Version)
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The Logo Module Sessions

First session: Welcome Meeting and Administration of the pre-test Beliefs

Questionnaire

Objectives of this session are to

Introduce the researcher to student-teachers.

1-

2-

Inform student-teachers that during their participation in this research study
they will do mathematical Logo-based activities and the researcher is not
here to assess them and there will be no affect on their course grades.

Answer the pre-test questionnaire.

Activities and procedures

Welcome student-teachers and introduce the researcher.

Ask students to introduce themselves.

Explain to the student-teachers the purpose for the researcher being with
them and for how long.

Inform the student-teachers that any mathematical activities they will practise
during the study will not be considered as an assessment for their knowledge
or for the course grades but it is for the purpose of the research.

Ask student-teachers to feel free to ask questions for any clarification they
would be concern about.

Administer the consent form and ask the student-teachers to read it clearly
then sign it.

Administer the pre-test questionnaire, ask student-teachers to answer the
questions and to feel free to ask questions for clarification.

Collect the questionnaires.

Discuss with the student-teachers about the next session’s topic.
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10- End the session, thanking the student-teachers.
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Introduction to Logo programming Language

Second Session: Starting MSLogo and Getting Comfortable

Objectives of this session are to

1- Identify the Logo program interface.

2- Learn the main Logo commands and its use.

3- Depict and draw simple shapes using Logo commands.
Materials

1- Computer lab.

2- Logo programming language software.

3- Logo hands-on practice instruction worksheet.
Logo hands-on practice instruction worksheet activities

1- Turn on your PC.

2- To start the program, double-click on logo shortcut icon & on desktop.
3- You are in logo program window.
4- Viewing and identifying the Logo window components.
Entering Logo Commands
A Commands is word or its abbreviation you type (enter) in the Input Box as a
request for the turtle to perform an action.
» Enter the following commands in the Input Box. After each command press
the Enter key.
fd 100
Right 90

Forward 40

Bk 80
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Fd 40
LT 270
rt 360
fd 100
Ht
e  What have you drawn on the screen?
e What do the commands FD, rt, Bk, LT and Ht symbolize for?
» Enter the following command CS to clear the screen and to start over.
» Enter the following command st to show the turtle. Now draw a letter
you like.
» Enter CS.
» Look at the next commands and guess what it will draw.
fd 50 rt 90 fd 100 rt 90 fd 50 rt 90 fd 100 rt 90
¢ Enter the commands in the Input Box to check your guess.
» Look at the next commands and guess what it will draw.
CS
fd 50 rt 90
fd 50 rt 90
fd 50 rt 90
fd 50 rt 90

¢ Enter the commands in the Input Box to check your guess.
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» Look at the shapes below; write the commands that draw each shape.

(Note the dark triangle is the starting point and the grid unit is 20*20).

A B C
e Shape A:
e Shape B:
e Shape C:

¢ Enter the commands in the Input Box to check your answers.
» Enter cs, then write the commands to draw the following shape.
50

50

50

» Enter the following commands in the Input Box.
1t 30 fd 100 It 120 fd 100 1t 120 fd 100 1t 90
» Enter the following commands in the Input Box.
1t 30 fd 200 It 120 fd 200 1t 120 fd 200 1t 90
e Compare the second commands with the first one.
® What change commands one have on the first shape?

¢ What this mean to you in relation to the shape size and angle size?
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Home command
» Home is a logo command that sends the turtle to home position but leaves the
drawing as it is.
» Enter Cs; then enter the following commands in the Input Box. After each
command press the Enter key.
rt 30
fd 100 rt 120
fd 100 rt 120
Home

Close the Logo program and shut down your computer
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Introduction to Logo programming Language

Third Session: Continue Starting MSLogo and Getting Comfortable

Objectives of this session are to
1- Learn how to change the screen background colour and turtle pen colour.
2- Control the turtle pen (lift up and put down the turtle pen).
3- Learn how to fill-in an enclosed space with the preferred colour.
Materials
1- Computer lab.
2- Logo programming language software.
3- Logo hands-on practice instruction worksheet.
Logo hands-on practice instruction worksheet activities

1- Turn on your PC.

2- To start the program, double-click on logo shortcut icon & on desktop.
3- You are in logo program window.

Changing screen background colour and pen colour.

» Use setscreencolour or its abbreviation setsc followed by the colour code
(e.g. setsc 1 to change the background colour to Blue).
» Use setpencolour or its abbreviation setpc followed by the colour code

(e.g. setpc 6 to change the pen colour to Yellow).

Colours codes

Colour Code
Black 0
Blue 1
Green 2
Cyan 3
Red 4
Magenta 5

279



Colour Code
Yellow 6
White 7
Brown 8
Light brown 9
Mid- green 10
Blue-green 11
Salmon 12
Blue-ish 13
Orange 14
Silver 15

» Enter cs, then write the commands to draw the following shapes

Control the turtle pen
» Penup or its abbreviation pu lifts the turtle’s pen so it will not draw when
moving.
» Pendown or its abbreviation pd puts the turtle’s pen down so it will draw
when moving.

» Enter cs, then write the commands to draw the following shapes

Filling an enclosed space with colour

> Use setfloodcolor or its abbreviation setfc to set the flood colour and fill to

fill-in the shape with flood colour.
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» Now use the following commands.
Setfc 1 to set the flood colour to blue
Fd 100 rt 120 fd 100 rt 120 fd 100 to draw the shape
Pu rt 150 fd 40 to lift the pen and move the turtle

part-way inside the shape

Fill to fill the shape with flood colour.
Command Abbreviation Action
Forward Fd Moves the turtle forward.
Backward Bk Moves the turtle backward.
Right Rt Makes the turtle turn to the right.
Left Lt Makes the turtle turn to the left.
Clears the screen of all constructions; as
Clearscreen Cs well as, repositions the turtle in the
center of the screen.
Hideturtle Ht Hides the turtle.
Showturtle St Shows the turtle.
Setscreencolour Setsc Sets screen background colour.
Setspencolour Setpc Sets pen colour.

Lifts the turtle’s pen so it will not draw

Penup Pu .

when moving.
Pendown Pd Puts the tu}’tle s pen down so it will draw

when moving.

Puts the turtle’s down and mode to erase
Penerase Pe . ..

so it erases any line it crosses.

Puts the turtle’s down and mode to
Penreverse Px

reverse to restore the pen to normal use.

Sends the turtle to home position but
Home Home

leaves the drawing as it is.

¢ Logo also knows mathematical operations so that instead of entering an
integer value, mathematical operations can be used (eg. fd 10 + 6/2 * 3 or
bk sqrt 25).

e Logo is not case sensitive (You can type in uppercase or lowercase
letters).

Close the Logo program and shut down your computer.
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Introduction to Logo programming Language

Fourth Session: Exploring Logo REPEAT Command

Objectives of this session are to

1- Learn how to use the REPEAT command.

2- Learn how to draw a shape with REPEAT command.

3- Learn how to read and depict a shape from REPEAT command.
Materials

1- Computer lab.

2- Logo programming language software.

3- Logo hands-on practice instruction worksheet.
Logo hands-on practice instruction worksheet activities

1- Turn on your PC.

2- To start the program, double-click on logo shortcut icon & on desktop.
3- You are in logo program window.
REPEAT command

» Enter Cs; then write the commands to draw the following shape (start with

shape A then B and C).

A B C
» Enter the following commands in the Input Box three times.
fd 30 rt 90 fd 30 rt 90 fd 30 1t 90 fd 30 1t 90

e Because you have entered the same command three times you have

had three bumps.
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® You can reduce this sequence to a single line by using the REPEAT
command.
Repeat is a logo command that makes the turtle repeats the command in brackets
several times. It takes two inputs: number of repetitions N and the commands in
brackets. Repeat N [ commands ].
» Enter the following command and see what happen.
Repeat 3 [fd 30 rt 90 fd 30 rt 90 fd 30 1t 90 fd 30 1t 90 ]
» Change number of repetition to 5 and see what will happen.
» Enter the following command and see what will happen.
Repeat 4 [ fd 100 rt 90 ]
» Since the turtles makes N number of repeated turns for N-sides, the size of
each turn in 360/N degree (e.g. Repeat N [ fd 100 rt 360/N]).
» Enter cs and try this Repeat 4 [ fd 100 rt 360/4]
Look at the next commands and guess what it will draw.
Repeat 8 [ fd 100 rt 45 ]
Enter the commands in the Input Box to check your guess.

Close the Logo program and shut down your computer.
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Introduction to Logo programming Language
Fifth Session: Writing Logo PROCEDURE Saving and Opening a Predefined
Procedure.
Objectives of this session are to
1- Define the Logo PROCEDURE and it components.
2- Learn writing Logo PROCEDURE.
3- Learn saving Logo PROCEDURE.
4- Learn opening predefined Logo PROCEDURE
Materials
1- Computer lab.
2- Logo programming language software.
3- Logo hands-on practice instruction worksheet.
Logo hands-on practice instruction worksheet activities
Logo procedures
® Procedures are Logo’s features that allow you to execute multiple commands
as a single command. It also allows you to teach logo new words by
assigning a name to the procedure you define.
® A procedure has three parts:

1- It begins with word to and is followed by the name you give to the
procedure (try to choose names that are descriptive and do not use the
same name two times).

2- The main body where you write the commands; and

3- It ends with up with the word end.

e To write a procedure you need to access the Editor Window.

» Enter edit “Triangle in the Input Box and press the enter key.

284



You are in Editor Window.

Now you can type in a new procedure (The to, procedure name Triangle
and end are already entered for you).

to Triangle

repeat 3 [ fd 100 rt 120 ] ( the main body to be typed)

end

Select Save and Exit from file menu to save the procedure and exit the
editor window.

Now logo knows how to draw a Triangle when ever you want, all you

need to do is typing the word Triangle in the Input Box. Try it.

» Now write a procedure to draw the following shapes:

7N

|
N

Spokes Swing Angle Square

Saving procedure

Select Save from file menu on the Logo program window.

Select the Disk or Directory where the file to be saved from the Dialog
Box.

Write the file name and click on save.

Now save the Square procedure on the desktop.

Opening procedure

Select Load from file menu on the Logo program window.
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e Select the Disk or Directory from which the files need to be loaded from
the Dialog Box and click on Open.
e Try to open the Square file.
e Now write a procedure to draw a square with size 200 i.e. fd 200.
Save your work on the computer and on your rewritable CD or floppy, close the

Logo program and shut down your computer.
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Introduction to Logo programming Language

Sixth Session: Exploring using Variables
Objectives of this session are to:

1- Learn about variables.

2- Define and use single variable.

3- Define and use more than one variable.
Materials:

1. Computer lab.

2. Logo programming language software.

3. Logo hands-on practice instruction worksheet.
Logo hands-on practice instruction worksheet activities

1- Turn on your PC.

2- To start the program, double-click on logo shortcut icon & on desktop.
3- You are in logo program window.
Defining and using Variables
¢ Open the Square file.
® Write a procedure to draw a square with size 200 i.e. fd 200.
You just wrote two Square procedures with different values for the length of the
sides. Instead of rewriting new procedure commands each time, you can do it easily
using variables so that different values can be substituted into the procedure
commands.
e Now access the Editor window (use ed “Square command).
¢ (Change the procedure commands to:

to Square :Size (The colon : denotes the variable named Size).

repeat 4 [ fd :Size rt 90]
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end
e Save the procedure and type the word Square 100 in the Input Box and see
what will happen.
¢ Since Size is a variable, you can change its value any time you like.
e Try to use different values and see what will happen (do not use Cs).
¢ Open the Angle file.
¢ Change the procedure command, include a variable to draw an angle with
different size as following:
To Angle :degree
Cs fd 100 home rt :degree fd 100 home
End
Or
To Angle :degree
cs rt 90 fd 100 bk 100 1t :degree fd 100 home
End
e Use the procedure to explore the shape of the following angles: 30, 235 and
360.
e Now explore other angles shape.
Defining and using more than one variable
Logo allows you to use more than one variable in a procedure. For example,
in a rectangle you have two numbers to change length and width therefore you need
to define and use two variables.
»  Write the following procedure to draw a rectangle
to Rectangle :Width :Length

repeat 2 [ fd :Width rt 90 :Length fd rt 90]
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end
» Use variables to write a procedure to draw polygon as following:
to Polygon :length :sides
repeat :sides [fd :length rt 360/:sides]
end
e Type the following command polygon 4 100 Input Box and see what will
happen.
e Now explore different polygons.
Save your work on the computer and on your rewritable CD or floppy, close the

Logo program and shut down your computer.
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Introduction to Logo programming Language

Seventh Session: Superprocedure and subprocedure

Objectives of this session are to

1- Learn about Superprocedure and subprocedure

2- Define and use Superprocedure and subprocedure
Materials

1- Computer lab.

2- Logo programming language software.

3- Logo hands-on practice instruction worksheet.
Logo hands-on practice instruction worksheet activities

1- Turn on your PC.

2- To start the program, double-click on logo shortcut icon & on desktop.
3- You are in logo program window.
Superprocedure
A procedure that was never called by any other procedure.
Subprocedure
A procedure that has been called by another procedure.
¢ Now you can use the Square procedure as a sub-procedure within the
super-procedure Bricks as following:
to Bricks :size
repeat 4 [Square :size rt 90 fd :size 1t 90]
end
e Write the following procedure to draw a triangle

to Triangle

repeat 3 [ fd 100 rt 120]
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end

» Write a super-procedure Rotate that uses Triangle as sub-procedure to draw the

following shape:

Write a super-procedures to draw the following shapes:

A

B

Save your work on the computer and on your rewritable CD or floppy, close the

Logo program and shut down your computer.
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Introduction to Logo programming Language

Eighth Session: Using Coordinate notation and drawing a Circle

Objectives of this session are to

1- Learn about coordinate notation.

2- Use the coordinate notation commands

3- Write procedure to draw a circle.

4- Use “circle” command.
Materials

1- Computer lab.

2- Logo programming language software.

3- Logo hands-on practice instruction worksheet.
Logo hands-on practice instruction worksheet activities

1- Turn on your PC.

2- To start the program, double-click on logo shortcut icon B on desktop.
3- You are in logo program window.
Using Coordinate notation
Logo allows you to move the turtle to an absolute X and Y coordinate location on the
screen by using the SETXY or SETPOS commands. The absolute move is related to
the cartesian geometry and allows you to draw shapes using the X and Y coordinate
notation.
» Type the following commands Input Box and see what will happen
Setxy 0 100 (You can also use Setpos [0 100])
Setxy 200 100

Setxy 200 0O

Setxy 00
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» Write a command to draw the following (Note: the grid unit is 50*50).

Drawing a Circle
You can draw a circle using repeat command or circle commands.
» Write the following procedure
To Circle
repeat 360 [fd 1 rt 1]
end
e Type the following command Circle Input Box and see what will
happen.
» You also can use circle or circle2 commands to draw a circle with a size
based on the radius.
» Type the following command and see what will happen (do not use cs).
Circle 100

Circle2 100

Command Abbreviation Action
Setxy xcor ycor or i Moves the turtle to an absolute X
Setxy [xcor ycor] and Y coordinate.

Moves the turtle to an absolute X
and Y coordinate.
Moves the turtle to an absolute X

Setpos [xcor ycor]

Setx xcor -

coordinate.
Moves the turtle to an absolute Y
Sety ycor - i
coordinate.
Setheading Seth Ser the turtle’s heading in degrees
(0 is up).

293



Command Abbreviation Action

Setxyz xcor ycor i Moves the turtle to an absolute 3D
zcor position.

Outputs the turtle's current X and Y
Pos or Getxy - Pl

position.

Outputs the turtle's current X
Xcor - P

position.

Outputs the turtle's current Y
Ycor - P

position.

Outputs the turtle's current Y
Zcor - P

position.

Draws a circle based on the turtle’s
position, the current turtle position
will be at the center of the circle.
The circle size is based on the radius
Draws a circle based on the turtle’s
position, the current turtle position
will be at the edge of the circle. The
circle size is based on the radius
Draws an oval or circle based on the
turtle’s position, the current turtle

- position will be at the center of the
oval. It draws circle if the two inputs
are equal.

Circle radius -

Circle2 radius -

Stampoval radius
radius

(horizontal radius
and vertical radius)

Save your work on the computer and on your rewritable CD or floppy, close the

Logo program and shut down your computer.
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Introduction to Logo programming Language

Ninth Session: Exploring Recursion

Objectives of this session are to

1- Learn about recursion technique.

2- Use recursion technique.

3- Print images and procedures.
Materials

1- Computer lab.

2- Logo programming language software.

3- Logo hands-on practice instruction worksheet.
Logo hands-on practice instruction worksheet activities

1- Turn on your PC.

2- To start the program, double-click on logo shortcut icon & on desktop.
3- You are in logo program window.
Recursion
Recursion is one of logo’s powerful method in which a procedure calls itself to
obtain a repeated event. It is an efficient technique to use when the amount of
repetition is uncertain, yet it is vital that a recursion has a STOP condition to detect
when the required outcome is reached otherwise it will run on forever.
» You can write the square procedure by using recursion as following
to Square :Size
repeat 4 [ fd :Size rt 90]

Square :size (The procedure Square calling itself)

end
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e Type the following command Square 100 Input Box and see what will
happen. ( use Halt and Reset to stop the procedure and restore the turtle
position)

» Now you can use the stop command within the Square procedure to draw
different sizes of squares as the following:

to Square :size

if :size > 100 [stop]

repeat 4 [fd :size rt 90]

Square :size + 10

end

» Write the Spiral procedure as following.

to Spiral :size

if :size > 30 [ stop ]

fd :size rt 15

Spiral :size + 0.1

end

e Type Spiral 0.5 and see what will happen.

e Type Spiral 40 and see what will happen.

Printing images and procedures
» Choose Print from the Bitmap menu in Logo program window to print the
images you have created on the drawing area.
» Choose Print from the File menu in the Editor window to print the
procedures you have defined.
In PC Logo for windows do the following

» Choose Print from the file menu or click on Print button.
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» Select from the dialogue the following
e Select Graphics to Print the images you have created on the drawing
area; or
Open the Editor window, choose Print, and select Editor to print the procedures you
have defined.
Save your work on the computer and on your rewritable CD or floppy, close the

Logo program and shut down your computer.
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Appendix H

The Mathematical Logo-based Activities
(English and Arabic Version)
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Mathematical Logo-based activities
First: Geometry

Tenth session: Parallelogram

7O

¢  What would you name these shapes?

Introduction

¢ Discuss in your group the properties of each shape.
¢ [dentify the common properties between the shapes.
1- Turn on your PC.
2- Start the Logo program
3- Do the following practice:
1- Complete the following sequence commands to draw a parallelogram with 50°
angle.
Rt__ Fd100Rt___ Fd150Rt___ Fd100Rt___ Fd 150Rt____
Enter the commands in the Input Box to see if you get a parallelogram, then discuss
in your group the parallelogram and complete the following statements:
e The sides of the parallelogram are equal and
e The angles of the parallelogram are equal.
¢ The obtuse angles of the parallelogram are both equal to
e The acute angles of the parallelogram are both equal to

® The sum of the angles of the parallelogram is degrees.
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» Save your work on the computer and on your rewritable CD or floppy, close

the Logo program and shut down your computer.
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Mathematical Logo-based activities

Eleventh session: Rectangle and Square

Introduction

¢  What would you name these shapes?
e Discuss in your group the properties of each shape.
¢ [dentify the common properties between the shapes.
1- Turn on your PC.
2- Start the Logo program
3- Do the following practice:
Write the procedure Poly below.
To Poly :Length :Anglel :Width :Angle2
repeat 2 [ fd : Length rt :Anglel fd: Width rt :Angle2]
end
e Use the procedure Poly to draw
A. A rectangle
B. A square.
¢ Discuss in your group the properties of each shape.

¢ [dentify the common properties between the shapes.
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e Complete the following table:

Number Turning Exterior Interior
of Name angle A*N
sides (N) ) angle angle
Rectangle
Square

» Save your work on the computer and on your rewritable CD or floppy, close

the Logo program and shut down your computer.
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Mathematical Logo-based activities

Twelfth session: Parallelogram and Rhombus.

Introduction

¢  What would you name these shapes?
¢ Discuss in your group the properties of each shape.
e [dentify the common properties between the shapes.
1- Turn on your PC.
2- Start the Logo program
3- Do the following practice:
Write the procedure Poly below.
To Poly :Length :Anglel :Width :Angle2
repeat 2 [ fd : Length rt :Anglel fd: Width rt :Angle2]
end
e Use the procedure Poly to draw
A. A parallelogram.
B. A rhombus.
¢ Discuss in your group the properties of each shape.

¢ [dentify the common properties between the shapes.
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e Complete the following table:

Number Turning , ‘
of Name angle A *N Exterior Interior
sides (N) (A) angle angle
Parallelogram
Rhombus

3- Can you write a procedure to draw a regular triangle?

» Save your work on the computer and on your rewritable CD or floppy, close

the Logo program and shut down your computer.
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Mathematical Logo-based activities

Thirteenth session: Angle

Introduction:

A B
1- Discuses each of the above shape with your group.
2- What do you think shape A represent?
3- How do you think shape B was constructed? What do you think it
represents?

4- For each of the following rays, use a pen to depict an angle.

1- Turn on your PC.

2-Start the Logo program

3- Do the following practice:
Write the procedure Poly below.

A- Complete the procedure Ray that draws an arrow like the one shown here.
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TO RAY

FD

RT 45 BK 12 FD

LT__ BK FD 12

RT 45

BK___
END
B- Use procedure ANGLE to investigate angle concept and complete the table for
each angle. This procedure has one input for angle size and uses RAY procedure.
TO ANGLE
RT 90
RAY
LT

RAY

END

Angle Size Angle Name Sketch

30°

Right Angle

135

» Save your work on the computer and on your rewritable CD or floppy, close

the Logo program and shut down your computer.
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Mathematical Logo-based activities
Second: Algebra

Fourteenth session: Variables

Introduction:

50

Look at the above shape and answer the following statements:
e The perimeter of the Square is equal to

e The area of the Square is equal to

e How big can you make your Square?

e How small can you make your Square?

¢  What would allow you to change your Square size? Why?
1- Turn on your PC.
2- Start the Logo program
3- Do the following practice:

1- Complete the following sequence commands to draw the above Square.

To Square
fd___ rt90
fd___ 1t90
fd___ 1t90
fd___ 1t90
End

e Type the word Square in the Input Box to see if you get Square.
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2- Now edit your procedure; include Scale input to multiply all the sides by a Scale
input. (Note: Start your procedure with: To Square :Scale) Write your procedure

below:

¢ Type the commands below in the Input Box and see what will happen to the
size of your square. (Use Cs to clear the screen after each command).
Square 2
Square 5.1
Square 0.7
Square -2.1
e How big can you make your Square?
e How small can you make your Square?
e  What allow you to change your Square size? Why?
3- Edit your procedure so it will draw many different sized squares. Write your

procedure below:

e Use your general procedure to draw different size squares.
4- What is the perimeter of the Square with L side length is equal to?
5- What is the area of the Square with L side length is equal to?
6- What are the perimeter and the area of rectangle with W side width and L side?
» Save your work on the computer and on your rewritable CD or floppy, close

the Logo program and shut down your computer.
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Mathematical Logo-based activities
Third: Transformation Geometry

Fifteenth session: Reflection

Introduction

Reflecting line (Mirror) Reflecting line (Mirror)

1- Investigate the above picture; what do you notice about it? Share your ideas
with your group.

2- Investigate the effect of the Reflecting Line (Mirror) on the image and
describe it to you group.

3- For each of the following shapes, use a pen to draw its reflection image.

(Note: the grid unit is 10 * 10).

1- Turn on your PC.

2- Start the Logo program

3- Do the following practice:

Use the following predefines logo procedures: Axis, Reflect, Triangle and Point to

reflect the above shapes as following:
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A- To Reflect the Triangle:
e Type the word Axis in the Input Box to draw the A B axis.
¢ Type the word Triangle in the Input Box to draw the triangle.
e To reflect the Triangle type Reflect Triangle in the Input Box and
see what will happen.
¢ Investigate the mirror image with your group and compare its
properties with the original image. Write your conclusion below.
B- To reflect the Point:
e Type the word Axis in the Input Box to draw the A B axis.
e Type the word Point in the Input Box to draw the Point.
e To reflect the Point type Reflect Point in the Input Box and see what
will happen.
¢ Investigate the mirror image with your group and compare its
properties with the original image. Write your conclusion below.
» Save your work on the computer and on your rewritable CD or floppy, close

the Logo program and shut down your computer.
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Mathematical Logo-based activities

Sixteenth session: Reflection

4- For the following shape, use a pen to draw its reflection image.

(Note: the grid unit is 10 * 10).

1- Turn on your PC.
2- Start the Logo program
3- Do the following practice:
e Use Reflect procedure to reflect the Rectangle as following:
e Type the word Axis in the Input Box to draw the A B axis.
¢ Type the word Rectangle in the Input Box to draw the Rectangle.
¢ Type the word Reflect Rectangle in the Input Box and see what will
happen.
¢ Investigate the mirror image with your group and compare its

properties with the original image. Write your conclusion below.
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2- Investigate Reflection:

e Use Axisl procedure that has two inputs in the Input Box to draw the A B
axis and moves the turtle to any absolute X and Y coordinate you like. For
example Axis1 100 50 will draw the A B axis and moves the turtle to x=100
and y=50.

e Use the following procedures: Square, Pentagon, R.Triangle and line.

e Use Reflect procedure to reflect each shape.

» Save your work on the computer and on your rewritable CD or floppy, close

the Logo program and shut down your computer.
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Mathematical Logo-based activities

Seventeenth session: Rotation

Introduction

1- Use a pen to draw the final image for the flag following:

A- Rotate the flag 90° degree clockwise B- Rotate the flag 270° degree
clockwise around its bottom (base). around its bottom (base).
1- Turn on your PC.
2- Start the Logo program
3- Do the following practice:
2- Use logo to investigate rotation concept as following:
e Complete the procedure FLLAG that draws a flag like the one shown above.
TO FLAG
FD__
Repeat ___ [FD20RT ___]
END

¢ Complete the procedure ROTATE that rotates the flag. This procedure uses

the procedure FLAG and accepts two variables :DEGREE and :

DIRECTION

TO ROTATE : :DIRECTION

IFELSE :DIRECTION = “CLOCKWISE [RT : J[LT:
FLAG
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END
e Use the procedure ROTATE to rotate the flag, in a clockwise direction,
through an angle of 45°, 90°, 135, 180°. Investigate other angles. (Note use
quotation mark (")with direction input, that is, "Clockwise.
e Use the procedure ROTATE to rotate the flag, in an "anticlockwise direction.
» Save your work on the computer and on your rewritable CD or floppy, close

the Logo program and shut down your computer.
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Preparation of Lesson Plan

Eighteenth Session: Preparation of Mathematical Logo-based lesson plan

Objectives of this session are to:

1- Identify the elements of lesson plan.

2- Practice the preparation of a Mathematics lesson plan that incorporates Logo
programming language.

Materials:

1- Methods of Teaching Mathematics textbook. (the course textbook)

2- Mathematical Logo-based activities

3- Computer lab.

4- Logo programming language software.

Activities:

1- Review and discuss the lesson plan elements — Title, Objectives, Teaching
aids, Introduction, Activities, and Assessment. (These elements were taught
by the formal professor of the course).

2- Discuss with the student-teachers the Logo-based activates used and its
relation to the topics taught in Mathematics curriculum.

3- Ask student-teachers either to work in groups of two or work individual.

4-  Ask student-teachers to chose a mathematical topic and practice preparation
of a lesson plan that incorporates the use of Logo programming language to
teach that topic.

5- Supervise student-teachers work.

6- At the end of the session student-teachers were asked to bring their work for

the next session.

354



Preparation of Lesson Plan

Nineteenth Session: Continue Preparation of Mathematical Logo-based lesson

plan
Objective of this session is to:

1- Continue to practice the preparation of a Mathematics lesson plan that
incorporates Logo programming language to develop student-teachers
knowledge.

Materials:

1- Student-teachers lesson plan.

2- Methods of Teaching Mathematics textbook.

3- Mathematical Logo-based activities.

4- Computer lab.

5- Logo programming language software.

Activities:

1- Ask student-teachers to continue work in preparing the Mathematics lesson
plan.

2- Supervise student-teachers work.

3- At the end of the session student-teachers lesson plans will be collected.
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Preparation of Lesson Plan

Twentieth Session: Continue Preparation of Mathematical Logo-based lesson

plan
Objectives of this session are to:
1- Review and discuss with student-teachers their lesson plans.
2- Practice the preparation of a Mathematics lesson plan that incorporates Logo
programming language to develop student-teachers knowledge.
Materials:
1. Student-teachers lesson plan.
Activities:
1- A Discussion of four (4) student-teachers lesson plans will be conducted to
identify and view the lesson plan structure and how Logo is incorporated.
2- At the end of this session student-teachers will be asked to prepare an
individual lesson plan for the next session where they will practice teaching

Mathematics.
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Practice Teaching with the use of Logo

Twenty first, twenty second and twenty third sessions:

Practice teaching Mathematics with the use of Logo programming language
Objective of this session is to:

1- Provide student-teachers the role of formal teachers, in a context where they
practice teaching mathematic lesson with the use of Logo programming
Language.

Materials:

1- Student-teachers individual lesson plan.

2- Computer lab.

3- Logo programming language software.

Activities:

1- Six (6) student-teachers, two (2) in each session will practice teaching their
colleagues the Mathematical topic with the use of Logo programming
Language.

» Save your work on the computer and on your rewritable CD or floppy, close

the Logo program and shut down your computer.
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Twenty-forth session: Thanking Meeting and Administration of post-test Beliefs

Questionnaire
Objectives of this session are to:
1- Thank student-teachers.

2- Administer the post-test Beliefs Questionnaire.
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Appendix I
The SPSS Analysis output
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Pre-test (uestionnaire Data Analysis output

The Paired-Samples t-test Results For

1- Pre-test Mean Score For Part]l Nature of Mathematics Constructivist View WITH Pre-test Mean Score For Partl
Mature Of Mathematics Traditional View

T-Test
[DataSetl] C:\Documents and Settings='\nllE2005%\Desktop’\PREE AMD POST (QUSSTICHMARE DATA AMRLYIIS. saw
Palred Samplas Statistics
Mian M Sid. Deniation Sitd. Ermor Maan
Far1 PraTesthsanconeForEan | Maturs 0 3.5875 32 51725 09144
MathematicsConstructivistiew
PraTestheanSooreFosat | Mature0 35813 32 e | DE933
Mathematics TraditanalView
Palred Samples Comelations
o] Conrelation Sig
Pair1 PreTestMaanSoareForPani Matur 32 -B56 000
eOfMathematicsConsucTvisivie
wWE
PreTestMaanSoareForPani Matur
eOfMathamatics Traditonaliew
Pairsd 3amplec Tact
Faired Cifferences
255 Comfidence Interaal of the
=54 Eror Difference
Mo Zhd. Deviation hi=an Loswer Upper E of Sip. (2-tniled)
Par1 PreTesideanScoreSmPart -Z5375 B354 1470 ~E853 DOTEs -1.385 31 =
T Nature Cffiathe matics Con
structivisbies -
PreTesMeanScore=oPart
TNatureOfiiaSe matics Trasd
ticnatew
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1- Pre-test Mean Score For Part? Teaching Of Mathematics Constroctivist View WITH Pre-test Mean Score For Part2
Teaching Of Mathematic: Traditional View

T-Test
[DataSetl] C:\Iocuments and AND POS A BAMRIYSIS =aw
Sid. Deviation Sid. Ermor Mean
Pair 1 PreTestMeanSooreForPart Teachin 36965 22 TEOD9 13437
gOMathematicsConstnucivisiiew
PreTesiMeanscoreForFari2Teachin 4.0750 2 S5aT4 JsEdT
gofathematics Tradtioraliew
Paired Samples Comeladons
N Cormelation Sy
Pair 1 PreTestMeanScoreFoFat2Teachin 32 -603 000
goMahematicsConsTudivisiviow &
PreTesiMeanseonefForPai2Taachin
gofMathematicsTradtionaltew
Faired Sampéec Tect
Pairesd Difisrences
957% Confidence Interval of e
£2d Eror Difference
Mean | Std Deviabion kean Licwer Upper t df Eig. 2-taled)
Far1 FPreTestlesnScoeFoat -37812 1.12088 20872 -.80381 D4TES -1.812 3 8o
ZTeachingCfiiathematics
Constnuctivistiiew -
PreTestileanScomeForFant
ZTeachingCfiiathematicsT
rditioralies
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3- Pre-test Mean Score For Part3 Learning Of Mathematics Constroctivist View WITH Pre-test Mean Score For Part3
Learming Of Mathematic: Traditional View.

T-Test
[DataSetl] C:\Documents and Settings='\nllE2005%\Desktop'\FRE AK
Palred Samples Statistics
hizan N Strl. Deviation Stil. Erme Maan
Pair1 PreTestMeanScoreForPart3Leaming 35344 32 67662 119561
Oivisthematics Constnethistiew
PraTasthieantooreForPartiLeaming 41222 32 26527 06475
COiviathematics Traditionalview
Palred Samples Comeladons
H Comelation Sig
Pair 1 PreTesiMeanzcoreForParileaming 32 -228 207
OfathematcsConsmuciivisiView &
PraTestMeantooreForatiLeaming
COviathematceTradiionalvlew
Paired Zampiec Tec
Paired Differenoes
55% Confidence interval of the
St Emor Difference
hi=an Sid. Deviation Mlean Liwwsr Lipgesr b o Big. {Hiailed)
Par1 PreTesiMeanSoonSorPat -Z57T8 B ] -804 =0T -1.538 k] oe2
ILsamingOiiatamaticsC
onstnacivistview -
PreTestheanSooreForPant
ILeamingoiiaTematicsTr
aibmnalyiss
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4- Pre-test Total Mean Score Of Constroctivist View For PARTS 1.2 and 3 WITH Fre-test Total Mean Score Of
Traditional View For PARTS 1.2 and 3

T-Test
[DataSesl] 20D \DOE AND DOST QUESTIOSMARE DRTA A
Mgan M Sid. Deviation Std. Emor Maan
Far 1 PreTesTotaiMeanScone OfCanset 11.1138 a2 1.75200 IETE
Vst iewFDrPARTS 123
PreTesiTotaiMeanScoreOMradiiona 12.0734 32 113000 20136
WViswEorPARTS123
Paired Samplgs Comelations
N Comelation Sig
Pair 1 PreTest TotsiMaanS cors OfConstruct az -E41 Do
VIS IEWFPARTS 123 &
PreTestTolaiMeanScone OrTraditona
WViewForBARTS 123
Palred Sampisc Tact
Paired Diferences
5= Confidence Imienal of e
Shd. Ervor Ciarmrce
Mean | Sid Devabon Laan Lowsr Lpper t & 2. e |
Par1 PreTesfTo@llMeanSooell - B5566. 2.65541 47183 =1.9z209 mazrr =2 034 3 051
ConsnacivstiiswFoF AR
TEI2-
PreTesiTo@lk=anSooeof
TradtionaliswForFARTE1
3
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The Dewcriptive Statistics Frequencies Results For

1- Pre-test Mean Score and Std Deviaton For Part4 The Use Of Loge Programming [anzuagze.

Frequencies

[DataSetl] C:\Documents and Settings'nllE2005%Desktop’FEE AND POST {QUCSTIOHMARE
Statiatics
PreTesiMeanScoreforPard ThellseCfogoPmogr
AmmingLanguage :
M ald 2
Missing b
Mean 3.4844
Sil. Deviation BS25

PraTasiMeanScoreForParidThallssf ogoP rogrammingLanguags

Frequency Percent Valld Parcent | Cumuiathe Pesent

vald 200 1 ER a1 X
300 10 313 313 344
amM 3 04 04 433
ams 1 EX at 269
ane 1 EX at 50.0
315 2 63 63 56.3
333 1 i i 504
342 1 ad i &25
354 1 ad i 855
382 1 3d i 883
385 1 ER ER 719
380 1 EX i 750
388 1 EX i TEA
4 1 ad ad 813
423 1 ad at 4
43 1 EX a1 875
450 1 EX i 205
ag2 1 3t ad 233
496 1 it i 269
500 1 3 ad 100.0
Todal 3z 1000 1000
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1- Pre-test Mean Score and Std Deviation For Part5 The Use Of ICT

Frequencies

[DataSetl] C:\Documents and Settings)
Statiatics

PreTesiMeanScoreForPanSThelseCacT _

M Wald 32
Missing o

Ki2an 3453

Sid. Deviation 52723

PreTestMeans consForPartSThellssOnCT
Frequency Percent Waild Pamcent Cumuiative Pement

Wald 275 2 6.3 6.3 E.3
283 1 3 31 B2
288 1 31 31 125
286 1 3 31 15.6
3.00 3 9.4 a4 250
304 1 31 at 28.1
] 3 o4 a4 7.5
317 1 ER| ER 406
an 1 a1 3 438
33 2 6.3 6.3 50.0
329 1 3 3 53.1
335 1 31 31 56.3
3.50 1 31 kR 58.4
3E3 2 6.3 6.3 65.6
am 1 a at 56.8
375 1 a at 71.9
3Te 2 6.3 g3 781
386 1 34 3 81.3
4.00 1 3 3 844
413 1 3 3 875
4325 1 31 at 0.5
429 1 31 3 933
438 1 31 31 269
47 1 31 31 100.0
Todal a2 100.0 1000
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Post-test QJuestionnaire Data Analysiz ontput

The Paired-Samples t-test Besults For

1- Post-test Mean Score For Partl Nature of Mathematics Constructivist View WITH Post-test Aean Score For Partl
Nature (Of Mathematic: Traditional View

T-Test
[DataSetl] C:\Documents and Setting='nllE2005%Desktop’FRD =
Palred Samples Statistics
hean M Sid. Deviation Std. Ermor Mean

Pair 1 PostTestMeanScomForPartiMatue 4.1531 32 35468 DE270

OiviathematicsConstructhistiew

PosiTestMeanScommForParti Mature 3.1625 32 4123 orzaz

Oiiiathematics Traditionaliew

Palred Samples Comeladons
N Comelation Shy

Pakr 1 PostTestiMeanScoreForParti Mature 32 -7 s

OiathematcsConsmctivishiew &

PosiTestiMeanScoreForParti Mature

COiathematceTraditionailew

Palred 2amplsc Tect
Faired Differences
95% Confidencs Inb=nsal of Bhe
Diference
Mean | Sid Desiabon | Std Eror Mesn Lower Upper £ L i O-taled) |
Far1 FostTesMeanSooreFoPar oa0e3 BET2 s By T 121370 a0s57 " .ooa
EiNatureOfiatematicsCo

msiructhebstiles -
FosiTesideanEooeForFar
HiNature Ciahematics Tra

difonalfew
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1- Post-test Mean Score For Part? Teaching Of Mathematics Constroctivist View WITH Post-test Mean Score For
Part? Teaching Of Mathematics Traditional View

T-Test
[DataSetl] C:%\Documents and Settings='nllE2005)\De=sktop'FRE AND PO ENEL
Palred Samples Statistics
Mean M Sid. Deviation Sid. Ermr Mean

Pair 1 PostTestMeanScomForPart2 Teach 41761 32 21798 05621

ngOMdathematiceConstnucTvisiview

PoelTestMean ScomeForPart2 Teachl 31136 32 a1z 10081

ngCiMathematics Tradtonalfew

Palred Samples Comelations
N Comelation Sy

Pair 1 PostTestMeanScoreForPart2 Teachl 32 - 163 371

ngCiathematicsConstructisiview

i

PostTestMeanScoreForPart2 Teachl

ngorathematics Traditionaliew

Faired 3amplss Tocl
Pairesd Cifisrences.
5% Confidence interial of the
Ehd. Ermor Dffer=nce
Memn E8d Deviation kizan Lower Upper t ar Sig. (2-faled)

Far1 FosdTesMeantooreFoPa 105250 .E958 12313 BE 1.3137s BE2s kL {x 1]1]

CTeachingTiiathemaics
Consiructivisies -
FodTeseantooe FofPar
ETeachingTiiathemadcsT
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3- Post-test Mean Score For Partd Learning Of Mathematics Constroctivist View WITH Fost-test Mean Score For
Partd Learning Of Mathematics Traditional View.

T-Test
[DataSetl] C:\Documents and Settings='\nllE2005%\Desktop'\FRE AK
Palred Sam| ﬁlﬂlﬂa
Miean M Sid. Deviation Std. Ermor Mean

Pak 1 PosiTestMeanScoreForPar3leamin 4.2261 32 20079 05317

goMathematicsConstructivisiiow

PostTestMeanSeoreForParialaamin 33536 32 Af215 0es23

goMathematicsTraditionalliew

Palred Samples Comeladons
N Comelation S

Fair 1 PoeiTestMeanScoreForPart3leamin 32 =17 523

goMahematiceConsTucivislview &

PreiTesiMeanScoreForParillaammin

goMathematicsTraditionalaw

Paired 3amipisc Tach
Faired Diflerences
55% Confdence interval of The
£5d Emor Ciffermnce
k=an Sid. Deviabion Mean Liowver LUpiper ] - | Sig. (2ailed]

Par1 PosiTesMeanScoreSoPar E-on] EBT4E AoEe2 5308 107930 B.185 3 e u i)

BLesming0tistamatesC
onsnactivistvizw -
PosiTesMeanEcoreSoFar

BLeamingCfidatrematcs T

radiEonal’yiew
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4- Post-test Total Mean Score OFf Constructivist View For PARTS 1,2 and 3 WITH FPost-test Total Mean Score Of

Traditional View For PARTS 1,2 and 2

T-Test
[DataSesl] C:4LWD YDesktop' FRE 2HD POST QT .
Palred Samplas Statistics
Mean M Sid. Deviation Sid. Ermor Mean

Pair 1 PosiTesiTotal ScoreMeanCiConsnuc 12.5534 32 .TE980 13062

thvistieaForPARTE 123

PostTesTotal MeanScoreCiT=ad ton 9.6218 32 1.15978 20502

allewForPARTS123

Palred Samples Cormelalions
H Comelation Sig.

Pair 1 PostTesTotal SeoreMeanCfConsinic 2 -T2 132

thistWiewForPARTS 123 &

PostTesTotal MeanScomreOMradtion

allewForPARTS 123

Falred 3amples Tect
Paired Diferences
55% Confidence interval of B
P - Cffermnce
Mzon | Sid Deviabion hzan Lower Lipper t a

Par1 PosiTesTo@lSoorsldeanl 21T 1.57050 TR 235135 34E387 10.508 ¥ oo0

P onsnaciv s lewFor=AR

PosiTesToalMeanEoonl
firadticnaliswFor= ARTE
123
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The Dewcriptive Statistics Frequencies Results For

1- Post-test Mean Score and Std. Deviation For Partd The Use Of Lozo Programming Language.

Frequencies

[DataSetl] C:\Documents and Settings'nllEZ005\Desktop\FRE AND POST QUDSTIOHMARE DATA AMRLYSIS.=aw

Statistica
PosiTestheanSooreFoPand ThellsaOfLogoP
QEMTNgLINoUa0e
N waid 3z
MEEEINg o
Mean 41178
S3d. Dewiation 55280

PosdT ssthean ScorsForPartd Thells sOflogoProgramiming Langu-ags

Frequency Percent ValldPercent | Cumulative Pescent

vald 300 1 31 31 11
308 1 3l a1 £3
a2 1 a1 3l 9.4
335 1 a1 a1 125
3= 1 a1 a1 55
354 1 31 31 1.8
3g2 1 31 31 214
373 1 LX) 31 250
3E5 1 LR 31 26.1
am 3 04 04 375
306 2 £3 £3 438
4 1 a1 3t 469
415 1 a1 3t s0.0
419 1 a1 a1 531
423 1 3l a1 56.3
azr 1 31 31 50.4
435 1 31 31 625
438 1 31 31 855
445 2 £3 £3 714
482 2 £3 63 7B
485 1 31 31 813
458 2 63 63 a75
473 1 3l a1 905
485 1 at 2t 33.3
452 1 a1 a1 96.3
500 1 a1 a1 100.0
Toaal 3z 100.0 1000
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1- Post-test Mean Score and Std. Deviation For Part5 The Use Of ICT

Frequencies

[DataSetl] C:\Documents and Settings'ndlEZ005%Desktop’FRE AND POST QUCSTIOHMARE DATA AMRLY3IIS. sawr
Statlatics
PosiTesiMeanScoreFoPanSThellsaONCT
] wWald 3z
Missing o
Blaan 3.9388
Sad. Desiation 51315

PoaiTeaMeanicomForPartSThelss0ONCT

Frequency Percert ValldPercent | cumutative Pesent

vald 292 1 ad ad 3
arr 2 6.3 6.3 5.4
az 1 ad a1 125
39 z 63 63 1E.3
345 1 EX EX 219
30 1 ad 3 280
358 1 ad 3 261
a7s 4 125 125 406
3E3 1 ER a 433
3g 3 04 04 531
400 1 ad i 56.3
4 1 3 ad 59.4
417 1 3 ad 62.5
a7 1 EX 3 855
425 1 EX 3 6.3
42 1 3 3 719
433 2 g3 g3 TEA
442 2 63 63 844
454 2 £3 g3 90.5
457 1 ad ad 233
475 1 ad ad 26.9
479 1 ad ad 100.0
Toaal 32 1000 1000
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Pre-test and Post-test Questionnaire Diata Analysiz output

The Paired-Samples t-test Results For

1- Pre-test Mean Score For Partl Namre Of Mathematics Constructivist View WITH Post-test Mean Score For Partl
Matare Of Mathematic: Constroctivist View

T-Test
[DataS=tl] C:\D TATA ANRIY3IIZ. =gw
Sid. Deviation Sid. Ermor Mean
Far1 PraTestMeanSconeForPart | MatureQ 35975 32 S1728 02144
hiathematicsConsinuctivistView
PosiTestMeanScoreForParti Matue 4,153 32 35465 06270
Ofathematics Constnectiistiiew
Palred Samples Comedatons
i HTeiation Sig.
Fair1 PreTestMeanZconeForPart | MatureC a2 33 054
ThathematcsConsmuctivisiView &
PreiTeseanSeopreForPartt Natre
CiiiathematcsConsmactivishiew
Pairsd Eampisc Tec
Paired Diferences
55% Comidence inferaal of the
Diffenence
Mean | Std Desisbion | Ead Eror hiean Lower Lipper t o Eig. (Haed) |
Fari1 PreTesfdeanScoreForPart -.58552 SESL (sl -.TE358 - 3778 5138 3 Jooa
1hature CfiatematicsCon
structhistiiew-
EosiTastlean SoomFoPar
tiMatueCarematics Co
msructhetsiyes
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1. Predest Mean Score For Part] Matwre OF Mathematlcs Traditdonal ¥ lew WITH Post-lest Mean Score For Partl
Nature OF Mathematles Traditlonal View.

T-Test
[DataSatl] Ci AL ngshnkl82005Desktop\PEE AND PODET QUESTIONHARE OATA RHARLYEIS. sav
Paird Samples Staiistics
Maan i | Std Dwriation Sid. Ermor Mean
Pair 1 PraTesddoanSoor™orfart 1 kabuoraD 38813 az .32 .DES33
ke matics TraditionalView
Posi TesdWeanSoom ForPar 1 Mawme 3L 1526 12 4126 )
DiMathematios TradsonalView
Paimd Samples Corralations
i Comalation Sig
Pair 1 PrTestMeanScoretorPart | NatureD) a2 ] T3
Mathe matics TradonalView &
PostTastMaanSmreorParti Natura
Ofiasermatios Traditional ow
Prirad Esmplas Ta-st
Faigd Dift snoes
5% Confidencs Insrval of the
DFGrens
Mean | 5id Deviasion | Eid Emor Mean Lowar Lo t o Sig. (2-mikd)
Far1  PeTesMeanScosFofat TiEs 55 TS 52033 UL [ 3 JHED
NSOV e mates Tt
Jonalviaw -
PosiTesiNcanSooraForPars
1NFuR OV Tomado s Tt
Jormlview
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3- Pre-test Mean Score For Part2 Teaching Of Mathematics Constructivist View WITH Post-test Mean Score For Part2
Teaching Of Mathematics Constructivist View

T-Test
[DataSetl] C:\Documents and tings\n0182005\Desktop\PRE AND POST QUESTIONNARE DATA ANALYSIS.sav
Paired Samples Statistics
Mean N Std. Deviation Std. Error Mean
Pair 1 PreTestMeanScoreForPart2Teachin 3.6969 32 76009 13437
gOfMathe maticsConstructivistView
PostTestMeanScoreForPart2Teachi 41781 32 31799 05621
ngOfMathematicsConstructivistView
Paired Samples Correlations
N Correlgtion Sig
Pair 1 PreTestMeanScoreForPart2 Teachin 32 .2563 .162
gOiMathematicsConstructivistView &
PostTestMeanScoreForPart2Teachi
ngOfMathematicsConstructwisNi@w
Paired Samples Test

Paired Difierences

95% Confidence Interval of the

Std. Error Difference
Mean | Std. Deviation Mean Lower Upper 1 dt Sig. (2-tailed)
Pair1  PreTestMeanScoreForPart -48125 74593 13186 -75019 -2123 -3.850 k1l 001

2TeachingOfMathematicsC
onstructivistView -
PostTestMeanScoreForPar

t2TeachingOfMathematics

ConstructivistView
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4- Pre-test Mean Score For Part2 Teaching Of Mathematics Traditional View WITH Post Test Mean Score For Part2

Teaching Of Mathematics Traditional View

T-Test
[DataSetl] C:\Documents and Settings\n0182005\Desktop\PRE AND POS5ST QUESTIONNARE DATA ANALYSIS.sav
Paired Samples Statistics
Mean N Std. Deviation Std. Error Mean

Pair 1 PreTestMeanScoreForPart2Teachin 4.0750 32 .5b474 09807
gOfMathematicsTraditionalView
PostTestMeanScoreForPart2Teachi 3.1156 32 57029 .10081
ngOfiathematics TraditionalView

Paired Samples Correlations

N Corre I_ation Sig.

Pair 1 PreTestMeanScoreForPart2 Teachin 32 658 000
gOiMathematics TraditionalView &
PostTestMeanScoreForPart2Teachi

ngOiMathematicsTraditionalView

Paired Samples Test

Paired Differences

95% Confidence Interval of the

Sid. Error Difference
Mean Std. Deviation Mean Lower Upper t df Sig. (2-tailed)
Pair1 PreTestMeanScoreForPart .95937 46549 .08229 79155 112720 11.659 31 .000

2TeachingOfMathematicsT
raditionalView -
PostTestMeanScoreForPar
t2TeachingOfathematics

TraditionalView
ot
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5. Pre-test Mean Score For Part3 Learning Of Mathematics Constructivist View WITH Post-test Mean Score For Part3

Learning Of Mathematics Constructivist View
T-Test
[DataSetl] C:\Documents and Settings\n0182005\Desktop\PRE AND POST QUESTICHNNARE DATA ANALYSIS.sav

Paired Samples Statistics

Mean N Std. Deviation Std. Error Mean
Pair 1 PreTestMeanScoreForPart3Learning 3.8344 32 67662 .11961
OfMathematicsConstructivistView
PostTestMeanScoreForPart3Learnin 4.2281 32 .30079 05317
goiMathematicsConstructivistView

Paired Samples Correlations

N Corre Igtion Sig.

Pair 1 PreTesiMeanScoreForPart3Learning 32 .353 .047
OfMathe maticsConstructivistView &
PostTestMeanScoreForPart3Learnin
quMathaticsconstructNist\a’iew

Paired Samples Test

Paired Differences

95% Confidence Interval of the

Diffierence

Mean Std. Deviation | Std. Error Mean Lower Upper t df Sig. (2-tailed)

Pair1  PreTestMeanScoreForPart -.39375 63598 11243 -.62305 - 16445 -3.502 3 .001
3LearningOfMathematicsC
onstructivistView -
PostTestMeanScoreForPar

t3LearningOfMathematicsC

onstructivistView
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6- Pre-test Mean Score For Part3 Learning Of Mathematics Traditional View WITH Post-test Mean Score For Part3
Learning Of Mathematics Traditional View
T-Test
[DataSetl] C:\Documents and Settings\n0182005\Desktop\PRE AND POST QUESTIONNARE DATA ANALYSIS.sav
Paired Samples Statistics
Mean N Std. Deviation Std. Error Mean
Pair 1 PreTestMeanScoreForPart3Learning 4.1222 32 36627 06475
OfMathematics TraditionalView
PostTestMeanScoreForPart3Learnin 3.3636 32 48215 .08523
OfMathematicsTraditionalView
Paired Samples Correlations
N Correlation Sig.
Pair 1 PreTestMeanScoreForPart3Learning 32 .243 180
OfMathe maticsTraditionalView &
PostTestMeanScoreForPart3Learnin
goiMathematics TraditionalView
Paired Samples Test
Paired Differences
95% Confidence Interval of the
Std. Emror Difference
Mean | Std. Deviation Mean Lower Upper t df Sig. (2-1ailed)
Pairi  PreTestMeanScoreForPart 75852 52989 09367 .be748 84957 8.098 H 000

3LearningOfMathematics Tr
aditionalView -
PostTestMeanScoreForPar

t3LearningOfMathematicsT

raditionalView
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7- Pre-test Mean Score For Partd The Use Of Logo Programming Language WITH Post-test Mean Score For Part4

The Use Of Logo Programming Language

T-Test
[DataSetl] C:\Documents and Settings\n0182005\Desktop\PRE AND POST QUESTIONNARE
Paired Samples Statistics
Mean N Std. Deviation Std. Error Mean
Pair 1 PreTestMeanScoreForPart4TheUse 3.4844 32 65205 11527
OfLogoProgrammingLanguage
PostTestMeanScoreForPart4ThelUs 41178 32 556280 09772
e0flogoPregrammingLanguage
Paired Samples Correlations
N Gorrelgtion Sig.
Pair 1 PreTestMeanScoreForPart4 TheUse 32 404 022
OfLogoProgrammingLanguage &
PostTestMeanScoreForPart4TheUs
eOfLoquroqrammingLanguage

Paired Samples Test

\ ANALYSIS.sav

Paired Differences

95% Confidence Interval of the

PostTestMeanScoreForPar
t4TheUseCfLogoProgramm

ingLanguage

Std. Emror Difference
Mean Std. Deviation Mean Lower Upper t Sig. (2-1ailed)
Pair 1 PreTestMeanScoreForPart -.63341 86316 11723 -87251 -.39432 -5.403 k| 000
4TheUseCfLogoProgrammi
ngLanguage -
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8- Pre-test Mean Score For Part5 The Use Of ICT WITH Post-test Mean Score For Part3 The Use OF ICT
T-Test

[DataSetl] C:\Documents and Settings\n0182005\Desktop\PRE AND POST QUESTIONNARE DATA ANALYSIS.sav

Paired Samples Statistics

Mean N Std. Deviation Std. Error Mean
Pair 1 PreTestMeanScoreForPart5TheUse 3.4531 32 52723 .09320
OfICT
PostTestMeanScoreForPartsThels 3.9388 32 51315 .08071
eOfICT
Paired Samples Correlations
N Correlgtion Sig.
Pair 1 PreTestMeanScoreForPartsTheUse 32 .385 .029
OfICT &
PostTestMeanScoreForPart5ThelUs
eCflCT
Paired Samples Test
Paired Differences
95% Confidence Interval of the
Difference
Mean Std. Deviation | Std. Error Mean Lower Upper t df Sig. (2-tailed)
Pair1  PreTestMeanScoreForPart -.48568 57683 10197 -.69365 -2777 -4.763 H .000
5TheUseQfICT -
PostTestMeanScoreForPar
t5TheUseOfICT
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0.

Pre-test Total Mean Score Of Constructivist View For PARTS 1,2 and 3 WITH Post-test Total Mean Score Of

Constructivist View For PARTS 1.2 and 3

T-Test
[DataSetl] C:\Documents and Settings\n0182005\Desktop\PRE AND POST QUESTIONNARE DATA ANALYSIS.sav
Paired Samples Statistics
Mean N Std. Deviation Std. Error Mean
Pair 1 PreTestTotalMeanScoreOfConstructi 11.1188 32 1.79200 31678
vistViewForPARTS123
PostTestTotalMeanScore OfConstruc 12.56594 32 78980 .13962
tivistViewForPARTS123
Paired Samples Correlations
N Correlgtion Sig.
Pair 1 PreTestTotalMeanScoreOfConstructi 32 .385 .029
vistViewForPARTS123 &
PostTestTotalMeanScoreOfConstruc
tivistView ForPARTS123
Paired Samples Test
Paired Differences
95% Confidence Inferval of the
Difference
Mean Std. Deviation | Std. Error Mean Lower Upper t df Sig. (2-tailed)
Pair1  PreTesiTotalMeanScoreOf -1.44063 1.65663 29285 -2.03790 -84335 -4.919 A .000
ConstructivistViewForPART
5123 -
PostTestTotalMeanScoreOf
ConstructivistViewForPART
5123
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10-

Fre-test Total Mean Score Of Traditional View For PARTS 1, 2 and 3 WITH Post-test Total Mean Score Of
Traditional View For PARTS 1, 2 and 3

T-Test
[DataSetl] C:\Documents and Settings\n0lEZ005\Desktop\PRE AND POST QUESTIONNARE DATA ANALYSIS.sav
Paired Samples Statistics
Mean N Sid. Deviation Std. Error Mean
Pair 1 PreTesfTotalMeanScoreOf Traditiona 12,0784 3z 1.13808 20136
VewForPARTS123
PosiTesiTotalMeanScoreOfTradition 98418 3z 115078 20502
alVewForPARTS123
Paired Samples Cormelations
N Correlation Sig.
Pair 1 Pre TesiTotalMeanScoreOf Traditiona 32 k- 0oz
NiewForPARTS123 &
PosiTesiTotabeanScore OfTradition
alViewForPARTS123
Paired Samples Test
Pairad Dilemncas
86 Confidanca Imerdal of tha
Dillaranca
Mean Sin. Daviation | Sid. Error Mean Liwar Uopar i di 5ig. (2-miled)
Fair 1 PreaTasiTolaMeanScoreCf 243665 104307 20207 202453 284877 12.058 3 A00d
Tragitionaly iewFoPARTS1
3 -
PosiTasiTolalMaanScom Ol
TragditionalViewForPARTS1
23
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Appendix J

The Raw Frequencies for Pre-test Questionnaire Statements
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Belief Questionnaire
Instructions: For each item, please circle one number that indicates how you feel

about the statement as indicated below.

Strongly Agree | Agree | Undecided | Disagree | Strongly Disagree

SA A U D SD

Part I. Nature of Mathematics

No. Statement SA|A|U|D|SD

Mathematics is an evolving, creative human
1. | endeavor in which there is much yet to be 3171151710
known.

Mathematicians are hired mainly to make
2. | precise measurement and calculations for 201011 10| 1
scientist and other people.

There are often many approaches to solve a

mathematics problem. Ij15(5 (1|0

In mathematics something is either right or

. 16 133100
1t 1S wrong.

Mathematics involves relating many
different ideas and topics.

Mathematics problems can be solved in only
one approach.

The mathematical ideas can be explained in

everyday words that anyone can understand. 31001503 |1

Mathematics consists of unrelated ideas and 5
topics.

In different cultures around the world there
are different models of mathematics.

In mathematics, perhaps more than other
10. | areas, one can find set routines and 12116 3 | 1 0
procedure.

Everything important about mathematics is

1 already known by mathematicians.

I5(1114]2] 0

Solving a mathematics problem usually
12. | involves finding a rule or formula that 571502100
applies.

Many of the important functions of
mathematician are being taken to provide a
foundation for information and
communication technology.

13.

Doing mathematics frequently involves

14. exploration.
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No.

Statement

SA

SD

15.

Mathematics is a rigid discipline which
functions strictly according to inescapable
rules.

11

11

16.

Mathematics has so many applications
because its models can be interpreted in so
many ways.

13

17.

In mathematics, perhaps more than in other
fields, one can display originality and
ingenuity.

11

14

18.

Mathematics is essentially the same all over
the world.

13

17

19.

Doing mathematics involves creativity,
thinking, and trial-and-error.

11

10

20.

The mathematical ideas can be explained
only by technical mathematical language
and special terms.

10

15

Part II. Teaching of Mathematics

No.

Statement

SA

SD

1.

Teacher should show students the exact
approach to answerer the mathematics
question.

17

12

The teacher must always present the content
in a highly structured manner or follows the
lesson plan as closely as possible.

21

Good mathematics teaching involves class
discussion in which students share thoughts
and discuss meaning.

15

Good mathematics teachers always plan for
students to work individually to practise
mathematics.

13

The teacher should consistently provide
students the opportunity to discover concepts
and procedures for themselves.

13

Information and communication technology
is an essential aspect of good mathematics
teaching.

17

Mathematics teacher should consistently give
assignments which require research and
original thinking.

16

Teachers should provide examples of
problem solutions and help students learn to
replicate them when doing problems.

28

The teacher should always devote time to
allow students to find their own methods for
solving problems.

11
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No.

Statement

SA

SD

10.

Good mathematics teachers often consider
the student preferences when planning
lessons.

1.

Teachers should show students lots of
different approaches to look at the same
questions.

13

12.

Good mathematics teachers only teach what
is essential for mathematics exams.

13.

Good mathematics instructions progress in
planed step-by-step sequence towards the
lesson objectives.

18

14.

Good mathematics teachers always work
sample problems for students before making
an assignment.

20

12

15.

Mathematics teachers’ role is to provide
student with activities that encourage them to
wonder about and explore mathematics.

14

16.

Good mathematics teachers always show
students the quickest way of solving a
mathematics problem.

10

13

17.

Mathematics teacher must make assignments
on just that which has been thoroughly
discussed in classroom.

14

18.

Good mathematics teachers frequently give
student assignments which require creative
or investigative work.

11

19.

Class discussions, collaborative and
cooperative group work are important
aspects of good mathematics teaching.

11

20.

Good mathematics teachers plans so that
students regularly spend time working
without information and communication
technology to practice doing mathematics.

13

Part II1. Learning of Mathematics

No.

Statement

SA

SD

Students who have access to information
and communication technology learn to
depend on them and do not learn
mathematics properly.

11

Information and communication technology
is essential tool for investigation,
examination, construction and consolidation
of ideas when students learning
mathematics.

13

14
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No.

Statement

SA

SD

Students must be encouraged to develop and
build their own mathematical ideas and
procedures, even if their attempts contain
much trail and error.

10

11

10

Learning mathematics is a process in which
students absorb information, storing it in
easily retrievable fragment as a result of
repeated practice and reinforcement.

23

Use of physical tools and real life examples
to introduce mathematics ideas is an
important component of learning
mathematics.

15

10

Teachers must value times of uncertainty,
conflict and surprise when students are
learning mathematics.

11

Understanding mathematical ideas and
procedures is important in mathematics
learning.

11

10

Mathematics learning is improved if
students are encouraged to use their own
interpretation of ideas and their own
procedures.

15

Teachers centered and students’ individual
work is essential in mathematics learning.

14

12

10.

Students can learn mathematics out of
school while participating in ordinary
everyday activities.

17

11.

Students’ mathematics mistakes always
reflect their current understandings of ideas
or procedures.

12

12.

Mathematics learning is all about learning to
get the right answer.

15

16

13.

Student best learn mathematics by being
shown the correct ways to interpret
mathematical symbols, situations and
procedures.

13

19

14.

Students’ mathematics errors are usually
resulting of lack of practice.

14

13

15.

Mathematics is learnt in schools only.

16.

Students learn mathematics best if they are
shown clear, precise step-by-step procedures
for doing mathematics.

19

11

17.

Learning mathematics should be an active
process.

14

11

18.

A memory of mathematical facts and
procedures is essential for mathematics
learning.

14

17
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No. Statement SA|A|U SD
19, A quu?t classroom is genera.lly needed for 121131 s 0
effective mathematics learning.
Argumentation, proving, problem solving,
20 and collaboration among students and 141913 0
" | between students and teachers is essential in
mathematics learning.
Practicing many problems is the best way
21 for students to learn mathematics. 18111 2 0
Part IV. Logo Programming language
No. Statement SA|A|U SD
Mathematics is more interested and
L. motivated with Logo. 6818 0
) Using Logo to solve mathematics problems 3 110119 0
" | makes the problems easier to understand.
3. | Doing mathematics with Logo is enjoyable. 4 18120 0
4 Mathematics is more understandable with s |5 | 0
Logo.
s Logo is esseptlals for construct mathematical 307 | 0
models and ideas.
6. Sophlstlcateq mathematical concepts are 316 |23 0
made accessible by Logo.
7 Logo is important for mathematical 3|5 |03 0
exploration.
3 Mathemat.lcs is easier if Logo is used to do 3 110119 0
mathematics.
Logo can help students to learn the process
9. | of mathematics (e.g. the general strategies of | 4 | 10 | 18 0
problem-solving).
10. Logo prorpotes personal skﬂls (e.g. s |6 |01 0
collaboration and cooperation).
11 Interest in mathematics creativity is aroused 41612 0
" | with Logo mathematical activities.
12, Logo can supp(?rt the way learners construct s | 5|9 0
their own learning.
13, Logo s‘tlmulates mathematics thinking and 307 | 0
reasoning.
14, Logo is s1gn1flcant. to improve quality of 4 4|2 0
mathematics teaching.
15, Logo Wlll help me with my teaching 6 | 6|19 0
profession.
The use of Logo will give me the opportunity
16. | to be learning facilitator instead of 5 13|24 0
information provider.
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No. Statement SA|A|U SD
Logo encourages new teaching and learning
17. | styles (e.g. investigations discussion and 4 |7 |21 0
cooperative group work).
Teaching mathematics with Logo makes me
18. . 515122 0
more competent and confident.
19. | Using Logo enable me to be creative teacher. | 5 | 7 | 20 0
20 Logo w1‘ll dramatically improve my method 4 |6 |21 0
of teaching.
21 Logq woulq e.n.rlch my instruction with 6 | 6 |20 0
creative activities.
The use of Logo in schools is generally
22. needed for learning mathematics better. 64121 0
23. | Learning more about Logo is worthwhile. 8 | 6|18 0
2. I look fgrward to using Logo in mathematics 917115 0
1struction.
75 Matherr.latlcs.mstructlon would be very 7161138 0
interesting with Logo.
26, Logo will make my instruction difficult to 317191 0
manage.
Part V. Information and Communication Technology (ICT)
No. Statement SA|A|U SD
1 ICT Would motivate students to explore 4 19|12 )
learning.
5 ICT W%ll improve the overall quality of 6 | 6|16 0
education.
3 Teacher training programs should 6 110115 0
" | incorporate ICT instructional applications.
ICT can be useful instructional aid in almost
4. ! S (11]9 1
all subject areas.
s The use of ICT reduces interaction and 0o 113115 )
collaboration between learners.
6. | ICT can not enhance remedial education. 2 | 81|19 0
Using ICT would change the teachers’ role
7. | from information provider to learner 51518 0
facilitator.
ICT is not an affective instructional tool for
8. students of all abilities. O |11 14 2
9. Using ICT w111.1mpr0ve students’ attitudes s 110115 0
towards schooling.
ICT helps teachers organize, control and
10. L. \ s 3 (1319 0
save time in schools’ responsibility.
11. | ICT stifle creativity among learners. 319115 1
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No. Statement SA|A /U |D|SD
Using ICT offers teachers and learners new

1o, | Ways to approach mathematics (e. g the s 1ol1513 1 0
introduction of more problem-solving,
investigation and mathematical discussion).

13 ICT can support the variety of ways learners 11151917 o

" | construct their own knowledge and skills.

The frustrations created by ICT are more

14. trouble than they are worth. 2|6 181412
Colleges’ educators need to know how to

15. | use and incorporate ICT as instructional 7 11111410 1] 0
tools.

16. ;f;armng about how to use ICT is boring to g 1216121 4

17. | I feel comfortable utilizing ICT. 7 11416 |5]0

13, Using ICT makes me feel tense and w0l11l 71410
uncomfortable.

19, The use of ICT .W.lll nfegatlve affect my 9 lol10l3!1
instruction proficiencies.

20. | I believe I could teach using ICT. 5151202 0

71, I WOllld. like to learn to use ICT in my 91161611 0
1struction.

2. Learn.mg.more abou!; incorporating ICT in 911617101 0
teaching is worthwhile.

23. | All teachers should use ICT. S |14 113]10| 0

o The use of ICT in schools will affect 116l16l 71 2

negative students’ attitudes toward learning.

Thank you again for your participation. ©
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Appendix K

The Raw Frequencies for Post-test Questionnaire Statements
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Belief Questionnaire
Instructions: For each item, please circle one number that indicates how you feel

about the statement as indicated below.

Strongly Agree | Agree | Undecided | Disagree | Strongly Disagree

SA A U D SD

Part I. Nature of Mathematics

No. Statement SA|A|U|D|SD

Mathematics is an evolving, creative human
1. | endeavor in which there is much yet to be 1218210 0
known.

Mathematicians are hired mainly to make
2. | precise measurement and calculations for 8 | 716 10| 1
scientist and other people.

There are often many approaches to solve a

mathematics problem. 13163 0] 0

In mathematics something is either right or

. 50717121
1t 1S wrong.

Mathematics involves relating many

different ideas and topics. 1411771100

Mathematics problems can be solved in only
one approach.

The mathematical ideas can be explained in
everyday words that anyone can understand.

Mathematics consists of unrelated ideas and
topics.

In different cultures around the world there
are different models of mathematics.

In mathematics, perhaps more than other
10. | areas, one can find set routines and 5 11217 |7 1
procedure.

Everything important about mathematics is

1 already known by mathematicians.

Solving a mathematics problem usually
12. | involves finding a rule or formula that 12117, 1]20
applies.

Many of the important functions of
mathematician are being taken to provide a
foundation for information and
communication technology.

13. 10|16 6 | 0| O

Doing mathematics frequently involves

14. exploration.

10181211
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No.

Statement

SA

SD

15.

Mathematics is a rigid discipline which
functions strictly according to inescapable
rules.

14

16.

Mathematics has so many applications
because its models can be interpreted in so
many ways.

12

19

17.

In mathematics, perhaps more than in other
fields, one can display originality and
ingenuity.

11

17

18.

Mathematics is essentially the same all over
the world.

17

10

19.

Doing mathematics involves creativity,
thinking, and trial-and-error.

15

17

20.

The mathematical ideas can be explained
only by technical mathematical language
and special terms.

16

Part II. Teaching of Mathematics

No.

Statement

SA

SD

1.

Teacher should show students the exact
approach to answerer the mathematics
question.

12

The teacher must always present the content
in a highly structured manner or follows the
lesson plan as closely as possible.

15

Good mathematics teaching involves class
discussion in which students share thoughts
and discuss meaning.

14

18

Good mathematics teachers always plan for
students to work individually to practise
mathematics.

12

The teacher should consistently provide
students the opportunity to discover concepts
and procedures for themselves.

10

21

Information and communication technology
is an essential aspect of good mathematics
teaching.

18

Mathematics teacher should consistently
give assignments which require research and
original thinking.

20

Teachers should provide examples of
problem solutions and help students learn to
replicate them when doing problems.

14

The teacher should always devote time to
allow students to find their own methods for
solving problems.

12

20

397




No.

Statement

SA

SD

10.

Good mathematics teachers often consider
the student preferences when planning
lessons.

21

1.

Teachers should show students lots of
different approaches to look at the same
questions.

21

12.

Good mathematics teachers only teach what
is essential for mathematics exams.

22

13.

Good mathematics instructions progress in
planed step-by-step sequence towards the
lesson objectives.

14.

Good mathematics teachers always work
sample problems for students before making
an assignment.

12

15.

Mathematics teachers’ role is to provide
student with activities that encourage them
to wonder about and explore mathematics.

12

19

16.

Good mathematics teachers always show
students the quickest way of solving a
mathematics problem.

13

17.

Mathematics teacher must make assignments
on just that which has been thoroughly
discussed in classroom.

14

18.

Good mathematics teachers frequently give
student assignments which require creative
or investigative work.

15

19.

Class discussions, collaborative and
cooperative group work are important
aspects of good mathematics teaching.

11

18

20.

Good mathematics teachers plans so that
students regularly spend time working
without information and communication
technology to practice doing mathematics.

17

Part II1. Learning of Mathematics

No.

Statement

SA

SD

Students who have access to information and
communication technology learn to depend
on them and do not learn mathematics

properly.

16

Information and communication technology
is essential tool for investigation,
examination, construction and consolidation
of ideas when students learning
mathematics.

21
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No.

Statement

SA

SD

Students must be encouraged to develop and
build their own mathematical ideas and
procedures, even if their attempts contain
much trail and error.

19

12

Learning mathematics is a process in which
students absorb information, storing it in
easily retrievable fragment as a result of
repeated practice and reinforcement.

12

Use of physical tools and real life examples
to introduce mathematics ideas is an
important component of learning
mathematics.

15

15

Teachers must value times of uncertainty,
conflict and surprise when students are
learning mathematics.

12

16

Understanding mathematical ideas and
procedures is important in mathematics
learning.

22

Mathematics learning is improved if students
are encouraged to use their own
interpretation of ideas and their own
procedures.

15

12

Teachers centered and students’ individual
work is essential in mathematics learning.

11

10

10.

Students can learn mathematics out of school
while participating in ordinary everyday
activities.

26

11.

Students’ mathematics mistakes always
reflect their current understandings of ideas
or procedures.

19

12.

Mathematics learning is all about learning to
get the right answer.

18

13.

Student best learn mathematics by being
shown the correct ways to interpret
mathematical symbols, situations and
procedures.

16

14.

Students’ mathematics errors are usually
resulting of lack of practice.

15

15.

Mathematics is learnt in schools only.

16.

Students learn mathematics best if they are
shown clear, precise step-by-step procedures
for doing mathematics.

14

17.

Learning mathematics should be an active
process.

10

20

18.

A memory of mathematical facts and
procedures is essential for mathematics
learning.

20
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No. Statement SA | A SD
A quiet classroom is generally needed for
19. . . . 1317 4
effective mathematics learning.
Argumentation, proving, problem solving,
20 and collaboration among students and 16 | 14 0
" | between students and teachers is essential in
mathematics learning.
Practicing many problems is the best way for
21. . 8 | 14 0
students to learn mathematics.
Part IV. Logo Programming language
No. Statement SA | A SD
1 Mathematics is more interested and 9 | 20 0
" | motivated with Logo.
Using Logo to solve mathematics
2. | problems makes the problems easier to 7 |18 0
understand.
3 Dglng mathematics with Logo is 10 | 19 0
enjoyable.
n Mathematics is more understandable with 3 | 18 0
Logo.
5 Logo is essentials for construct 9 |15 0
" | mathematical models and ideas.
Sophisticated mathematical concepts are
6. . 11 ] 15 0
made accessible by Logo.
7 Logo is %mportant for mathematical 71 19 0
exploration.
3 Mathemat.lcs is easier if Logo is used to do 10115 0
mathematics.
Logo can help students to learn the process
9. | of mathematics (e.g. the general strategies 9 |20 0
of problem-solving).
10. Logo prorpotes personal skﬂls (e.g. 151 15 0
collaboration and cooperation).
11 Interest in mathematics creativity is 9 | 18 0
" | aroused with Logo mathematical activities.
12, Logo can support the way learners 1113 0
construct their own learning.
13, Logo s‘tlmulates mathematics thinking and 13118 0
reasoning.
14. Logo is s1gn1flcant. to improve quality of 10| 17 0
mathematics teaching.
15. Logo Wlll help me with my teaching 10| 17 0
profession.
The use of Logo will give me the
16. | opportunity to be learning facilitator 11 | 16 0
instead of information provider.

400




No. Statement SAl A |U SD
Logo encourages new teaching and
17. | learning styles (e.g. investigations 16 | 12 | 4 0
discussion and cooperative group work).
18, Teaching mathematics with Lpgo makes 10114 |6 0
me more competent and confident.
19. Using Logo enable me to be creative 151 9 |6 0
teacher.
Logo will dramatically improve my
20. method of teaching. 91166 0
1. Logq woulq e:n.rlch my instruction with 1al1s5 |3 0
creative activities.
The use of Logo in schools is generally
22. needed for learning mathematics better. RERENE 0
23. | Learning more about Logo is worthwhile. 1513 |4 0
o I look forwarq to using Logo in 9 |16 |3 0
mathematics instruction.
75 Matherrllatlcs‘mstructlon would be very 10118 |4 0
interesting with Logo.
26. Logo will make my instruction difficult to 6 | 1019 3
manage.
Part V. Information and Communication Technology (ICT)
No. Statement SA|A|U SD
1 ICT \yould motivate students to explore 1018 4 0
learning.
7 ICT W1‘11 improve the overall quality of 9 |19/ 4 0
education.
3 Teacher training programs should 11 11s! 3 0
" | incorporate ICT instructional applications.
4 ICT can be useful instructional aid in almost 131161 3 0
all subject areas.
The use of ICT reduces interaction and
5. . 3 118] 6 2
collaboration between learners.
6. | ICT can not enhance remedial education. 3 [15]10 1
Using ICT would change the teachers’ role
7. | from information provider to learner 12 |16 | 3 0
facilitator.
ICT is not an affective instructional tool for
8. students of all abilities. 2 | 10113 !
9 Using ICT w1ll‘1mprove students’ attitudes 9 118 5 0
towards schooling.
10. ICT helps teaclzers organize, control and save g |19 4 0
time in schools’ responsibility.
11. | ICT stifle creativity among learners. 5 |13 7 3
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No. Statement SA | A SD
Using ICT offers teachers and learners new
ways to approach mathematics (e.g. the
12. |. . . 11 |16 0
introduction of more problem-solving,
investigation and mathematical discussion).
13 ICT can support the variety of ways learners 12 119 0
" | construct their own knowledge and skills.
14 The frustrations created by ICT are more 4 |10 3
" | trouble than they are worth.
15 Colleges’ educators need to know how to use 20 | 11 0
" | and incorporate ICT as instructional tools.
16. Ele;armng about how to use ICT is boring to 10 12 )
17. | 1 feel comfortable utilizing ICT. 14 |13 1
18, Using ICT makes me feel tense and s |13 0
uncomfortable.
The use of ICT will negative affect my
19. | . i S 4 |17 1
instruction proficiencies.
20. | I believe I could teach using ICT. 1319 0
21 I would‘ like to learn to use ICT in my 1l 0
1nstruction.
2. Learn‘mg.more abouF incorporating ICT in 17 |11 0
teaching is worthwhile.
23. | All teachers should use ICT. 1315 0
o4 The use of ICT in schools will affect 103 1

negative students’ attitudes toward learning.

Thank you again for your participation. ©
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Appendix L
Sample Transcript of Interview

(English and Arabic Version)
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Day: Sunday
Date: 30 — 09- 2007

Subject: Pre- interview

Researcher: In the beginning, I would like to welcome and thank you for
participating in the interview and the study. Before starting, please read this letter
about your participation in the interview and then sign it.

Researcher: Thank you, shall we start?

Student D: Yes.

Researcher: How would you describe mathematics?

Student D: I consider mathematics rules and procedures; it is an active subject for
the brain and broadens thinking. As when the brain works with this subject it does
not think in one point but thinks on other points to reach a solution for the point he
thinks about. That is when I solve a mathematical problem I recall previous things so
that I can solve this problem.

Researcher: In your opinion, how mathematical concepts (e.g. computation,
geometry, algebra, etc.) are best learned?

Student D: To learn mathematics we should learn by rote learning but not always.
We should also learn through discussion. As well as use of models like shapes and
cubes to understand the rule in a better way.

Researcher: How do you think mathematics should be taught?

Student D: I think learning mathematics can be done by explains the topic slowly
step by step, with the use of visual aides, making sure the students understand and
ask students to use pencil and papers to solve the problems.

Researcher: Rote learning, do you see another way?
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Student D: learning through discussion, Discuses with the students, explain though
the use of visual aids, and asks students not to follow only the approach the teacher
provided to solve the problem; on the contrary he will accept any approach as long
as the answer is correct.

Researcher: What do you think about the use of Logo as an ICT tool for the
teaching and learning of mathematics?

Student D: I do not know.

Researcher: Haven’t you used it before?

Student D: No I did not use it before.

Researcher: In your opinion, what do you consider to be the advantage /
disadvantage of the use of Logo in teaching and learning mathematics?

Student D: I do not know.

Researcher: What do you think about the use of ICT for teaching and learning
mathematics?

Student D: It is useful.

Researcher: How?

Student D: The teacher prepares for the lesson using an aids such as Power
presentation, and uses it when teaching. This attracts students’ attention and makes
them interact with the lesson.

Researcher: So you see it positively.

Student D: Yes.

Researcher: You may still recall some memories about one or more mathematics
teachers, what was so special about him / her?

Student D: I remember one of my teachers in grade seven used to demonstrate a

problem using PowerPoint, and solved the problem slowly step by step making sure
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that we understood. After that she would demonstrate another problem and would
uses discussion to arrive at the answer.

Researcher: What about the way of solution?

Student D: She did not hold on to one way for solving a problem, my teacher used
to ask and encourage students to use different approaches as long as the answer is
correct.

Researcher: So what she was concerned about was the steps and the final correct
answer, do you like this procedure and would like to use it while teaching?
Student D: Yes, I like it and I like to apply it for all stages.

Researcher: Do you see it an acceptable way?

Student D: Yes, as it is attracts student’s attention and creates interaction within the
class.

Researcher: Is there anything you would like to talk about that we have not
covered?

Student D: I wish they would use the computer during the teaching process as the
students love computers, and they are a useful tool.

Researcher: would you like to add anything else?

Student D: No thanks.

Researcher: Thank you for your participation in the interview and the study,
wishing you a good luck in your study and practical life.

Student D: Thank you.
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Day: Thursday
Date: 03-01-2008

Subject: Post-interview

Researcher: In the beginning I would like to welcome and thank you for
participating in the interview and the study. Shall we start?

Student D: Yes.

Researcher: How would you describe mathematics?

Student D: Mathematics is active subject I mean it makes the brain active when
studying mathematics it means continuing something without interruption. It is an
active subject and a thinking subject.

Researcher: In your opinion, how mathematical concepts (e.g. computation,
geometry, algebra, etc.) are best learned?

Student D: If I want to learn, I prefer working or moving that is through discussion,
problem solving and Logo because it has discussion and gives fixed information for
the student.

Researcher: How do you think mathematics should be taught?

Student D: employ students’ discussion and use the Logo program or any other
programs for mathematics education that allows students to think and be creative, to
answer the problems and comprehend the mathematical topic.

Researcher: What do you think about the use of logo as an ICT tool for the teaching
and learning of mathematics?

Student D: Logo is a useful ICT tool but to understand it better we must follow up

its use.
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Researcher: You said your opinion about the use of the program for education, why
did you say it is useful? Or in your opinion, what do you consider to be the
advantage / disadvantage of the use of Logo in teaching and learning mathematics?
Student D: About the advantages, Logo reduces students’ time and effort expended
in manual drawing since it allows students to draw difficult shapes. It supports
students’ discussion and motivation, and also develops students’ thinking,
imagination and creativity.

Researcher: what about the fast and instant visual display?

Student D: the fast and instant visual display of students’ answers allows students to
check and explore and correct their wrong answers and learn.

Researcher: what about the disadvantages?

Student D: Based on the way I used the program, I do not see any disadvantages
maybe there is someone who sees that the program has disadvantages but for me I do
not see it has disadvantages.

Researcher: There aren’t any disadvantages about the program?

Student D: No.

Researcher: Why?

Student D: Because everything I learn was useful.

Researcher: that was about the Logo program, but what do you think about the use
of ICT for teaching and learning of mathematics?

Student D: Using ICT is useful for mathematics and other subjects because it has
characteristics for education.

Researcher: How?
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Student D: Everybody can use it and help to enhance students’ thinking and
creativity. It saves students’ efforts and promotes discussion context, and saves
teachers’ time.

Researcher: Why does it save teacher’s time?

Student D: Because he supervises students’ learning when teaching.

Researcher: Are you going to use the computer in teaching?

Student D: Yes.

Researcher: You may still recall some memories about one or more mathematics
teachers, what was so special about him / her?

Student D: I remember one of my teachers in grade seven; her style was nice in
explaining the question using PowerPoint with solving the problem slowly, step by
step, so that we understand the lesson after that she gives another question and
discuses during solving and encourages us to solve using more than one way.
Researcher: What about the Logo sessions?

Students D: The lectures showed me how mathematics teaching and learning could
be with educational aids like the Logo program.

Researcher: What would you like to add?

Student D: I believe what I learned about Logo and everything I did either on
drawing shapes or mathematics operations was useful and important for me.
Researcher: Is there anything you would like to talk about that we have not
covered?

Student D: I want to say that when I start my job as a teacher and, also for other
teachers, I would like that we would be provided with a computer lab to enable us to
teach mathematics with the use of computer.

Researcher: Is it a computer lab for mathematics only?
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Student D: Yes.

Researcher: Do you have anything to add?

Student D: No thanks.

Researcher: Thank you for your participation in the interview and the study,
wishing you a good luck in your study and practical life.

Student D: Thank you.
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