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ABSTRACT

Mathematical knowledge and understanding is important not only for scientific progress and
development but also for its day-to-day application in social sciences and arts, government,
business and management studies as well as household chores. But the general performance in
school mathematics in Kenya has been poor over the years. There is evidence that students
have problems in understanding and interrelating the symbols and special language structure
as used in mathematics. Broad curricula, lack of facilities and inadequate staffing were always
cited as the major causes of the problem. Although dismal performance in the subject had
almost been accepted as the norm in some schools, the Ministry of Science, Education and
technology (MoEST) and other stakeholders felt there had to be an intervention. The study
sought to explore the effectiveness of using Geogebra Instruction Software as a pedagogical
tool in secondary school mathematics, as contrasted to conventional teaching methods on
student’s performance in mathematics scores and their creativity. The study was carried out in
a real classroom setting that involved comparisons between the treatment and control groups.
A Quasi-experimental nonequivalent Solomon- Four fold research design employed involved
eight secondary schools in Kakamega Central Sub-County. A total of 20 teachers of
mathematics and 240 form two students’, randomly sampled (using proportionate stratified
random sampling) were enrolled in four intact classes from the selected schools and exposed
to the similar contents on the topic of transformations for a period of two weeks. Both
descriptive and inferential statistics were used to analyse the data. Descriptive statistics
involved the use of means and standard deviations while inferential statistics involved an
analysis of variance (ANOVA). The findings of the study showed that the computer
instructional software Geogebra as an instruction medium was superior to the conventional
methods as regards the students’ creativity, attitude and achievements in mathematics at
secondary school level. Based on these findings, the researcher recommends that; for quality
and optimum learning to occur in present times, an effective instructional approach that the
21st century mathematics teacher should embrace is computer based instructional software.
This method not only enhances mastery of content but also improves on learners’ retention
rate and increases their involvement in problem solving. These factors contribute heavily
towards better performance in Mathematics.
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CHAPTER ONE
INTRODUCTION
1.1 Overview of the chapter
This chapter deals with the background of the study, statement of the problem, purpose of the
study, research objectives and hypothesis, the significance, assumption and scope of the
study. It also offers insight to the limitations and theoretical framework behind the study.

Finally it gives the operational definitions of terms as used in the study.

1.2 Background of the study

In the recent times, societies have experienced rapid and widespread technological change the
world over. Information, Communication and Technology (ICT) permeates our whole life
including work, learning, leisure and relationships. Allen (2007) observes that digital literacy
undoubtedly plays a significant role in our future lives. Students nowadays live in a world
where ICT plays a central role to their daily lives. They enter the classroom not only having
encountered rich digital experiences but also being part of a society influenced by new
technologies. In order for them to succeed in the digital culture, they need to be equipped not
only with basic but also higher-order skills. This experience has been strongly supported by
Papert’s (1994) assertion that:

Not very long ago, young people would learn skills they could use in their work

throughout life. Today, in industrial countries, most people are doing jobs that did not

exist when they were born. The most important skill determining a person’s life
pattern has already become the ability to learn new skills, to deal with the unexpected.

(pg- 2)
Education and in particular mathematics education need to prepare today’s learners for their
adult lives in today’s and tomorrow’s world, so that they can contribute in activities not as
passive but as active and empowered participants (Pachler,2001). Undoubtedly everyone is

empowered by technology and the challenge for education is to develop those human talents



that technological tools cannot provide. This calls for a paradigm shift in the teaching and
learning process with emerging information and communication technologies. This pressure
has made everyone involved to change their roles. ICT and especially computers are
considered to be necessary tools in classrooms and their use is mentioned in several of the
goals of many National Curricula. Davis (2001) argues that ICT can play many roles in
education that will continue to develop ICT aspects of core skills, ICT as a theme of
knowledge and ICT as a means of enriching learning. New applications of technology have
the potential to support learning across the curriculum and allow effective communication
between teachers and learners in ways that have not been possible before. Loveless (1995)
asserts that:
“ICT has the potential not only to support the current curriculum but also to enhance the
experience and understanding of that curriculum and even extend thinking and learning in
new ways” (pg. 87)
Technology therefore provides students with a sense of mastery over their environment; they
think about their thinking, check their work and continue reflecting. The use of ICT promotes
initiative and independent learning, with pupils being able to make informed judgments and
develop the ability to be critical in their choices (DfEE, 1999). This is further corroborated by
Loveless (1995) when he states that:
ICT has the potential to organize and process information, freeing the children to ask
questions, look for answers, take risks in exploration and use a wide range of
resources for information. They can develop a positive attitude to their work by using
real and relevant data and presenting work in a polished and accessible form. A
positive experience of ICT in the classroom, developing children’s confidence and
confidence in working as individuals and with others, should contribute to the general
quality of their learning. (pg. 87)
Teaching with ICT in the classroom is thus seen as qualitatively different from the explicit,

traditional teaching. While the need for effective use of ICT in teaching subjects across the

curriculum is increasing, good practice remains uncommon especially in Kenya



(Ofsted,2001). According to Saye (2010), the traditional method for teaching mathematics
has impacted negatively on the students, and this has largely contributed to their poor
performance in the subject. In views of Saye (2010), teachers of mathematics usually lecture
when they teach their classes. In a Kenyan traditional classroom setting, the teacher
religiously observes a routine. This starts with answering questions from the learners
homework, then followed by teaching the new concept, and finally giving a homework
assignment that students occasionally embarks on in class if time permits. This method is not
only boring for students because their only task in the classroom is to passively sit and watch
the teacher solve mathematics problems on the board but also inhibits creativity. The student
watches, listens, and copies what the teacher does. The student then begins to feel that
mathematics is pointless and is of little value to them in real life. No wonder it is a subject

they are not only forced to study in school, but one that is useless to them in real life.

The contrast, however, is between the theoretical Mathematics learnt in school and the
practical mathematics that our parents use in daily life. In the traditional classroom setting
aforementioned, both student and teacher are often frustrated because students' individual
needs are unmet. Students generally have difficulty listening and copying problems from the
board at the same time, and so when they begin working on assigned problems at their desks,
they become frustrated. Although there are attempts by the teacher to move round the room
trying to answer student’s questions, this is greatly hampered by lack of sufficient time.
Students leave the classroom without having all their questions answered and unable to
complete the assignment. The teacher is exhausted from moving about the room in an effort
to answer all the questions, and is discouraged by lack of effort to effectively meet the needs

of all the students (Saye, 2010).



Consequently, Mathematics teachers today are eagerly trying alternative methods in an effort
to reach out to their students. They want their students to solve mathematics problems that
they recognize as relevant to their lives, not to listen and watch mathematics being done by
the teacher. They want the students to be excited about doing mathematics. They want them
to understand mathematics, score highly in the subject, and stay in school. Some effective
alternative methods currently in use for teaching mathematics include: cooperative learning,
problem solving experiences, use of manipulative, student projects and use of technology.
The latter is what this research intends to explore. The basic policy of the Kenyan education
sector is shown the policy session paper No.1 of 2005. The paper recognized that two of the
problems with the present situation in secondary education are low performance in important
subjects including mathematics and science in the final exams for secondary education and
also the low school attendance rate. Since the 7th National Development Plan, the Kenyan
government has stressed the importance of strengthening mathematics and science in
secondary education as a means to promote industrialization and sustainable development.
Co-operation with Japanese Government through the Japan International Cooperation
Agency (JICA), saw the birth of Strengthening of Mathematics and Science in Secondary
Education (SMASSE). The necessity for the In-Service Training (INSET) for mathematics
and science teachers in secondary education was specified in the education policy through the
active advocacy which came from the project. The SMASSE Team came up with the Activity,
Student, Experiment, and Improvisation (ASEI) movement to upgrade the various aspects of
teaching and learning. To achieve the ASEI condition, SMASSE came up with the Plan, Do,
See and Improve (PDSI) approach to teaching and learning. The ASEI-PDSI approach was
however not necessarily introduced into the lessons in the classroom by all the teachers. The
SMASSE technical experts in recognition of this (SMASSE Project in Kenya, 2005)

observed that:



There is clearly unsatisfactory situation of mathematics and science within the context

of the final examination of secondary education that worried not only the government,

but the society in its entirety.
While there were some problems involving the INSET, definite project results did start to
show in some statistics. One was seen in the changes in the attitude of students towards the
subjects of mathematics and science. In the final KCSE exams for secondary education in
2005, a total of 69,058 students out of the 256,825 students (27 %) chose physics, compared
to 38,000 students out of a total of 167,000 students (23 %) in 1998. The proportion of high
achievers was raised in mathematics and science by 10%. This is working as an incentive for
the policy planning officials to support the project. With regard to the outcome at the school-
level, most Principals at the secondary schools interviewed during the field survey said that
performance was improving in mathematics and science. They also answered that the
students’ interest in mathematics and science increased even if INSET did not lead to a direct
improvement in the scores. However, the quality of the learning process had clearly improved
when comparing the survey results from before and after the SMASSE INSET courses took
place. Through the PDSI approach,Climbing Learning approach and Open-ended approach,
SMASSE Project has had a positive impact on skills, knowledge and attitudes in the teaching

and learning of mathematics and science (SMASSE Project in Kenya, 2005).

There has been significant improvement in performance of science and mathemantics
subjects, in the counties where SMASSE has been in operation during the project period.
Other than focusing on Kenya, SMASSE focuses on the African region through SMASSE-
Western, Eastern, Central and Southern Africa (WECSA) as a regional association of
mathematics and science educators. It was started in 2001 for the purpose of strengthening
the quality of teaching and learning of mathematics and science in member countries.

Member countries have adopted SMASSE’s ASEI movement and PDSI approach as a way of

5



improving classroom practice. As a follow-up, SMASSE Kenya personnel conducted
Monitoring and Evaluation of application and impact of the principles of ASEI movement
and PDSI approach, in the classroom in Malawi, Zambia, Rwanda and Zimbabwe. They also
administered lesson Quality of Participation questionnaire to the students in the classes where
they observed lessons to assess the quality of learning by SMASSE trained and non-
SMASSE trained teachers. Mathematics generally is a critical subject in the society. It is no
wonder the subject has been made compulsory in the school curriculum in Kenya (Mutunga
& Breakel, 1992). This is because students are expected to apply the knowledge of
mathematics in both familiar and unfamiliar situations. This is in line with the observation of
the 11" International Congress on Mathematics Education in Mexico (ICME II, 2008) that:
Mathematics is a fundamental part of human thought and logic, and integral to
attempts at understanding the world and ourselves. Mathematics provides an effective
way of building mental discipline and encourages logical reasoning and mental rigor.
In addition, mathematical knowledge plays a crucial role in understanding the
contents of other school subjects such as science, social studies, and even music and
art. (pg.125)
Literature however indicates that a considerable number of students have inadequate
understanding of mathematics and mathematical concepts and skills, which results in dismal
performance in end year national examination every year. Students’ performance results in

Mathematics at (KCSE) from 2011 to 2014 are shown in table 1.1. The table shows the

overall mathematics performance by students in both papers in the last four years.



Table 1. 1: Candidates Overall Mathematics Performance at KCSE from 2011 to 2014

Maximum Standard

Year Paper Candidature Score Mean score Deviation
2011 1 100 14.57 15.42
2 100 22.63 20.43

overall 221,295 200 37.2 35.85

2012 1 100 14.87 15.73
2 100 17.04 16.74

overall 259,280 200 31.91 31

2013 1 100 22.71 20.09
2 100 15.36 15.97

overall 238,684 200 38.08 35

2014 1 100 19.55 19.09
2 100 19.91 20.74

overall 273,504 200 39.46 39.83

Source: Kenya National Examinations Council (KNEC), 2015; Ministry of Education, Science and

Technology (MOEST), 2015)

From the table it is noted that, the overall mean in Mathematics showed a slight improvement
in the year 2014 compared to the previous years. However these values are still very low

given that about 40% of the candidates scored E-grade.

According to Kenya National Examinations Council report for the year 2009, teachers were
indicted for poor performance of the pupils in the Kenya Certificate of Primary Education as
a result of inadequate coverage of the syllabus, lack of practice and inability to master simple

and basic concepts. In that report given by the Daily Nation of 8/8/2009, Mathematics was



poorly done with a mean of 24.62 per cent in 2007 compared to the year 2008’s 23.58 per
cent. At Secondary school level the Mean score in the year 2009 was barely 2.34 with about
half the number of examinees getting mean grades of D- and E. Statistics from the Kakamega
County’s education office indicates that more than half of the students failed in Mathematics
at Kenya Certificate of Secondary Education level by scoring grade D. Kakamega County is
actually last in Mathematics performance compared to other counties in Western Part of
Kenya. This places a number of students outside the competition arena given that
Mathematics is a requirement in most tertiary colleges and a number of university courses. It
is therefore imperative for the Kenyan Government not only to implement ICT resources in
the classroom but also to ensure that they are effectively used. The government on her part
made a milestone on 30" March 2010 when the e-learning was launched by the then
President Mwai Kibaki at Kenya Institute of Curriculum Development. With the challenges
of implementing ICT aside, mathematics teachers need to change their teaching methodology
in tandem with the continually changing learners’ and societal needs. According to the study
carried out by UNESCO on general issues of teaching in 1992, it was observed that students
worked less by themselves and the teacher served as the sole source of information. There is
need therefore to focus upon teacher teaching practices in the classrooms and require the
development of very different methods of teaching. The primary target is the teacher because
according to UNESCO (1992),

“The teacher is the primary source of instruction in most societies and has been recognised as
such by most curricula and forms of classroom organization”. (Pg.17)

Teachers need to be involved in the actual curriculum implementation in order to cause some
change in the mathematics classroom. In this sense and for the aforementioned reasons, this
study sought to look at the development of mathematical ideas and concepts through

computer based teaching. The main aim of the research was to analyze the role of dynamic



mathematics computer software called Geogebra, as a tool in the teaching and learning of
mathematics in the Kenyan Secondary schools, by exploring its effectiveness in the
implementation of secondary school mathematics. Geogebra is a relatively new software
system that integrates possibilities of both dynamic geometry and computer algebra in one
tool for mathematics education. It allows a closer connection between the symbolic
manipulation and visualization capabilities and dynamic changeability (Hohenwarter &
Fuchs, 2004). Introducing Geogebra in mathematics classrooms could be a way of providing
opportunities for mathematical investigation, encouraging discussion and group work and
generally it can make mathematics a more open and practical subject, which is accessible and

manageable to more learners (Hohenwarter & Fuchs, 2004).

There have been no investigations known to the researcher on whether learner’s ideas about
mathematics are affected by experience and interaction with Geogebra and generally about its
effectiveness in teaching secondary school mathematics in Kenya. Since not much has been
written about this topic the researcher sought to explore Geogebra’s potential and
implications in secondary school classroom practice. This exploration and understanding can
in part be established by carefully conducting research in the secondary school mathematics
classroom. This exploratory study sought to listen to participants and see their perspectives
on the topic, thus building an understanding based on their ideas and getting a complex,

detailed understanding of the issues interplay.

1.3 Statement of the Problem

Several efforts have been made to improve on the quality of teaching and learning process in
mathematics using conventional methods but still considerable number of students (about
40%) get mean grade E, at KCSE (KNEC report, 2016). It is the concern of secondary

schools mathematics teachers who use various pedagogical tools to disseminate knowledge as
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to why good results are always eluding the students especially in the subject Mathematics. In
Kakamega County out of 26,898 candidates in mathematics, the mean Score in 2016 was
2.5118 (D-) (KNEC report, 2016). This was a drop compared to 2015 when out of 23135
candidates the mean score was 3.728 (D). Equally in Kakamega Central Sub-county with a
candidature of 1926 in mathematics, 1387 students scored mean grade D- and E (Kakamega
County Education report, 2016). The sub-county means score in Mathematics was 2.151 (D-).
With such poor performance in mathematics the learners transit without the five paramount
21% Century skills (5C’s) which are dependent on the subject. A SMASSE survey conducted
in 9 districts in 1998 revealed that poor teaching methods and students attitude towards the
subject contributed heavily to poor performance. It was observed that most students in our

schools are techno-savvy.

A fresh look into Geogebra (computer software) as a pedagogical tool (in the teaching and
learning of Transformations and other areas in geometry) is the condition necessitating the
need to improve Mathematics instruction through innovative approaches that involve the use
of computers. The researcher needed to explore its effectiveness and the creativity involved
in its implementation in secondary school mathematics. Geogebra presumably, is the tool that
would reduce the poor performance in Mathematics at secondary school by improving
student’s attitude towards the subject, enhancing motivation hence generating interest
through sustained creativity. On the other hand, if the study is not done, then we deny the
field of mathematics an important input, as far as pedagogy is concerned. The results may
continue to be poor and the teachers will continue to use conventional methods which are not

counterproductive, and the good results would continue to elude them.
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1.4 Purpose of the Study

The purpose of the study was to explore the effectiveness of using Geogebra Instruction
Software as a pedagogical tool on the student’s creativity, attitude and achievement in
secondary school mathematics. It is hoped that the findings of the study will create a

paradigm shift in Mathematics pedagogy.

1.5 Research Objectives

The study sought to address the following objectives:
1) Investigate whether there is any significant difference in the achievement of students
taught Transformations in mathematics using Geogebra Instruction Software (GIS) and those

taught by conventional teaching methods.

i) To assess whether there is any significant difference in attitude of students towards
Transformations when taught using Geogebra Instruction Software (GIS) as compared to

those taught using conventional teaching methods.

(iii) To establish whether there is any significant difference in creativity between students
taught Transformations using Geogebra Instruction Software and those taught using

conventional teaching methods.

1.6 Research Hypotheses

The research sought to test the following null hypotheses:

Hoq: There is no significant difference in the achievement of students taught Transformations
in mathematics using Geogebra (GIS) and those taught using conventional teaching methods.

Ho;: There is no significant difference in attitude towards transformations between students
taught using Geogebra Instruction Software (GIS) and those taught using conventional

teaching methods.
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Hos: There is no significant difference in creativity between students taught Transformations
using Geogebra Instruction Software (GIS) and those taught using conventional teaching

methods.

1.7 Significance of the study

The study was aimed at providing information with regard to the use of computers as
pedagogical tool in secondary schools with respect to the teaching and learning of
mathematics in Kakamega Central Sub-County. The research hopes that the information so
obtained would serve as a basis upon which the new effective teaching methodology would
be implemented. The findings of the study are invaluable to practicing mathematics teachers,
school administrators, education planners, mathematics trainers at the Universities and the
Kenyan community at large in instituting measures that could bring about a high degree of
teaching/ learning experiences. The findings could also serve as a source of information for
policy makers, those involved in education research and policy formulation as well as
stakeholders in education. The parents, who are heavily laden in terms of education support,
would be influenced by these finding as they make decisions on what support programmes

their children should have, access and use on daily basis.

1.8 Assumptions of the Study

The study was based on the assumptions that:

1) The students and teachers have had an access to computers.

ii) The schools have readily available and adequate computers for use.

iii) The teachers have employed various teaching methodologies other than use of computers

in the classroom.
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1.9 Scope of the Study

The study targeted 8 out of 24 secondary schools in the sub-county since Kakamega County
was one of the pilot counties during SMASSE piloting in the year 1998. The eight schools
chosen were the schools that benefitted from government funding. Although this fact made it
feasible in terms of time and financial resources, the results obtained may not apply to all
secondary schools in the country. Secondly, some teachers who were key subjects in the
study were not in a position to use and manipulate effectively the computers, a tool upon
which the conjectures are framed. This however, was overcome by giving orientation to the
teachers until they were comfortable. A total of 240 form 2 students of both gender, drawn
from the eight schools across the Sub-County participated in the study. The study narrowed

on the basic concepts of transformation as this is a prerequisite for advancements.

1.10 Limitations

The study targeted schools that had or could access computers, one of which must be a centre
of excellence. This therefore means that particular schools were targeted in the research. This
definitely limited the extent to which the results obtained can be generalized to other areas.
The study was on the topic of Transformations (I) learnt in Form Two. It was anticipated that
it would be easy to locate these schools, however having them to volunteer to participate
freely and honestly (owing to technophobia) was a challenge that the researcher anticipated.
Although the researcher also anticipated difficulty of getting honest and impartial responses
to the data collection instruments, the respondents were however assured of confidentiality of
the responses, and that the responses were only used for this research. The study focused on
effectiveness of Geogebra on student’s creativity and achievement in mathematics. Although
teachers with knowledge in computers would be very useful, those without basic knowledge

of computer were still involved with the assistance of teachers of computer in their schools.
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However students taking computers studies and those without computer knowledge were

involved in the study in order to create variety.

1.11 Theoretical Framework

This study was based on the “information processing theory of the late 1950°s”. The theory is
based on the idea that human beings process the information they receive, rather than merely
responding to stimuli. This perspective equates the mind to a computer, which is responsible
for analyzing information from the environment. According to the standard information-
processing model for mental development, the mind’s machinery includes attention
mechanisms for bringing information in, working memory for actively manipulating
information, and long term memory for passively holding information so that it can be used
in the future (Gray, 2010). This theory addresses how as children grow, their brains likewise
mature, leading to advances in their ability to process and respond to the information they

received through their senses.

From 1950’s onwards “cognitivists”, those who believed in Cognitive Psychology wanted to
look at the “interior” mental processes, rather than the observable “exterior” views that
behaviorism held. This revolution had a huge impact on theory and research such as human-
computer interaction, human factors and ergonomics. Overall, information-processing models
helped reestablish internal thought processes. A central metaphor that was adopted by
cognitivists at this time was the computer, which served to provide these researchers
important clues and directions in understanding the human brain and how it processes
information. Many psychologists and researchers believe that the Information Processing
Theory was influenced by computers, in that the human mind is similar to a computer. A

typical such model is shown in figure 1.
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Figure 1: Information processing model

Source: http://psychology.jrank.org/pages/334/Information-Processing-Theory.html

The cognitive processes involved include perception, recognition, imagining, remembering,
thinking, judging, reasoning, problem solving, conceptualizing, planning and more terms and
applications. These cognitive processes can emerge from human language, thought, imagery
and symbols. Out of all of these specific cognitive processes, many cognitive psychologists
study language-acquisition, altered states of mind and consciousness, visual perception,
auditory perception, short-term memory, long-term memory, storage, retrieval, perceptions of

thought and much more.

There are four fundamental assumptions — or four pillars — of the information processing
approach. These pillars underlying, and support this approach as well as many other cognitive

models.

Thinking: The process of thinking includes the activities of perception of external
stimuli, encoding the same and storing the data so perceived and encoded in one's

mental recesses.
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Analysis of Stimuli: This is the process by which the encoded stimuli are altered to
suit the brain's cognition and interpretation process to enable decision making. There
are four distinct sub-processes that form a favourable alliance to make the brain arrive
at a conclusion regarding the encoded stimuli it has received and kept stored. These

four sub-processes are encoding, strategization, generalization and automatization.

Situational Modification: This is the process by which an individual uses his
experience, which is nothing other than a collection of stored memories, to handle a
similar situation in future. In case of certain differences in both situations, the
individual modifies the decisions they took during their previous experience to come

up with solutions for the somewhat different problem.

Obstacle Evaluation: This step maintains that besides the subject's individual
development level, the nature of the obstacle or problem should also be taken into
consideration while evaluating the subject's intellectual, problem solving and
cognitive acumen.The standard information-processing model has three major
components: sensory register, short-term memory (working memory), and long-term

memory as shown in figure 2.
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Figure 2: Information Processing Perspective- Computer System

Source: http://psychology.jrank.org/pages/334/Information-Processing-Theory.html

Each sensory system has its own sensory store, which receives and holds, although
very briefly, all the external and internal stimuli. The sensory stores hold onto the
sensory information long enough so that unconscious processes may operate on these
traces to determine whether the input should be brought into the working memory, or

discarded.

Working memory is believed to be the center of conscious thought, analogous to the
“central processing unit” of a computer, where information from long-term memory
and the environment is combined to help solve problems. However, the working
memory has a small capacity so that it is not able to attend to much information at a
time, thereby limiting the abilities of humans to solve problems. The information
processing perspective proposes that as children grow until about 15 years of age,
their working memory capacity for verbal/visual information also steadily increases,
as demonstrated by improved performance on fluid intelligence tests. Many

proponents of the information processing system correlate this increased working-
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memory capacity with increased speed of processing, the speed at which a person can
fluently carry out relatively elementary information-processing tasks. It is believed
that the physical maturation of the brain that occurs throughout childhood may cause
faster processing speeds. This faster processing speed permits faster mental
movement from one item of information to another, which improves on one’s ability
to keep track of a number of different items in working memory at once (Miller,

et.al,1999)

Long-term memory is the stored representation of all that a person knows. The items
stored in long-term memory lie dormant until they are called back into the working
memory and thus put to use. Many psychologists believe that the ability to form
episodic memories increases gradually throughout childhood due to continued
maturation of the brain, particularly in the prefrontal lobes. Proponents of the
information processing theory make sense of the development of memory systems,

from implicit — semantic — episodic, in terms of childhood developmental needs.

This theory is directly linked to the purpose of the research in that: to find out how the
computer software could be used as an aid in learners’ understanding of mathematics. Only
through significant symbols, for example language and other symbolic tools which humans
within a culture share and use to communicate, researchers can become aware of the insiders’
perceptions and attitudes and interpret their meanings and intentions (Cohen et al., 2007;

Crotty, 1998)
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1.12 Conceptual framework
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Figure 3:

Conceptual framework model
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1.13 Operational Definition of terms

The following are the operational meanings of the terms as used in the study;

ICT stands for ‘Information and Communication Technology’ and as used here refers to (a)
the technological equipment available for educational use, (b) associated skills that students
and teachers have to acquire.

Educational technology as used refers to the introduction of computers and other
technological tools to the classroom environment.

Technophobia is used to refer to fear of technology. It is imagined that when used,
technology will take up people’s jobs.

Inclusive learning is used to refer to a process of increasing the presence, participation and
achievement of all learners

Computer software refers to programmes designed with different purposes in mind.
Geogebra is a Dynamic Mathematics Software (DMS) for teaching and learning
mathematics that combines many aspects of different mathematical packages.

Open source software (OSS) is defined as ‘software for which the underlying programming
code is available to the users so that they may read it, make changes to it, and build new
versions of the software incorporating their changes’

Dynamic geometry software (DGS) is a type of software which allows for creation and then
manipulation of geometric constructions.

Computer algebra systems (CAS) are designed to facilitate the manipulations of
mathematical expressions in symbolic form. CAS can contribute to the development of
mathematical knowledge because developing graphic and symbolic reasoning using CAS
influences the range and form of the tasks and techniques experienced by students.
Performance entails all that a learner goes through in a structured curriculum namely;

creativity, attitude change and achievement.
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CHAPTER TWO

LITERATURE REVIEW

2.1 Introduction

This section discusses the studies of various researchers so as to provide the general
background to the present study. In recent years, with the increasing importance of new
technologies for everyday life, educational technology has become a cornerstone for government
efforts. Governments provide technology to schools and promote the use of ICT in schools across
the curriculum in order to improve on students’ performances (Wenglinsky, 1998). Bringing ICT
into the classroom provokes innovation and change; in the absence of these fundamental changes
to the teaching process, schools may do little but speed up ineffective processes and methods of
teaching (Leidner & Jarvenpaa, 1995). The recent research indicate that Geogebra has had impact
on the attitude of students towards mathematics, creativity involved when handling computers
and other technological tools and generally the achievement in mathematics results posted by the
students. Geogebra as an instructional tool has been researched on by a number of researchers
targeting pupils and students of all ages. The tool has also been exposed to quite a large number

of topics in mathematics each producing varied and unique results.

2.2 Instructional methods in Mathematics

In Kenyan secondary school curriculum, Mathematics alongside English and Kiswabhili are
compulsory subjects. Of the three, many students find mathematics intimidating, difficult to
understand and most difficult to master (Bradley, 2008). Equally for teachers, mathematics is
most challenging to teach. Partly this is because it has a totally different language for the
students to learn. The symbols represent operations. They are interchangeable and require
different operations in different situations. The operations are performed in different ways
using different formulas. The difficulty of teaching mathematics is compounded by the fact

that teachers are held to account for students performance in evaluation. Heavy emphasis is
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placed on student’s scores in standardized tests. Teachers are also held responsible for the
student’s mastery of required course objectives. Thus, the understanding of mathematics as a
natural exploratory process has been overshadowed by the teachers’ concern with students
solving tasks to get correct answers. The pressure to obtain better scores has resulted in
memorization at the expense of reasoning. There is therefore the inability of students to grasp

basic concepts and become creative (Bradley, 2008).

Many articles reviewed in various studies make practical suggestions for mathematical
instruction. According to Ediger (2001), teaching mathematics requires securing of learners
attention, having learners understand what is taught, guiding learners to perceive reasons for
learning that which is stated in the objective and sequencing learning opportunities in the
teaching of mathematics. Wakefield (2001) gives three principles a teacher should consider
when teaching mathematics; encourage the learners to think, encourage the learners to think
about thinking, and encourage representations of thinking. Schorr & Koeller-Clark (2003)
believe that while students may be allowed to tactile mode with the use of manipulative,
elementary math students do not necessarily make the intuitive leap allowing them to connect
the concrete items with the symbolic meaning of the objective process. These authors propose
a multi-tiered program that encourages teachers to reflect upon their own mathematical
concepts and discuss these with a group of peers before planning a mathematical lesson. This
practice allows teachers to engage colleagues, some of whom are master teachers, in
exploring different ways of relating the mathematical objectives to the students in their
schools. However, Ufuktepe & Ozel (2002) improved on Schorr & Koeller-Clark theory by
suggesting that music and drama should be integrated into concrete manipulative. Integration
of music and drama into traditional mathematics instruction not only reduced stress and

anxiety but also improved student performance on unit tests. They further added that building
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mathematical concepts by making connections of abstract symbols to concrete materials with
use of manipulative, music and drama is vital in engaging tactile, auditory and kinesthetic
activity during learning. When the five senses are engaged, abstract concepts become more
concrete, however connection between conceptual and procedural knowledge remain

anathema for students.

Yetkin (2003) alluded that the language of mathematics is different from the verbal language
used in everyday communication. He further pointed out that written symbols of mathematics
create confusion to many students, and suggested for example, that number lines should be
employed in addition to manipulative in an attempt to concretely visualize the abstract
symbol. Baker, Gersten and Lee (2003) offer suggestions for supportive activities. They
recommended scaffolding components which include providing teachers and students with
data on student performance, using peers as tutors or instructional guides, providing clear and
specific feedback to parents on their children’s success and finally using principles of explicit
instruction in teaching mathematics concepts and procedures. Carey (1998) advocated for
parent-teacher relationship as a key factor in achieving any educational objective. Parents can
reinforce mathematical concepts in many ways. Students are highly motivated and more
personally excited about learning when their parents actively participate in the learning
process with them. Although a variety of methods are advocated for by researchers to
essentially reach out to students, the teacher is the primary decision maker in planning the
combination of instructional strategies to accommodate the needs of every learner (Little,
2003). Despite all the aforementioned suggestions, score card in mathematics is still an area

of great concern in the world over.
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2.3 Computers and Education

The history of education is largely a story of gradual evolution, but education has also had its
revolutions. The first use of writing as a tool in teaching transformed education many
centuries ago when it freed teachers from the constraints of oral tradition. The invention of
printing in the 15" century made books widely available and had a similarly drastic effect on
the history of education. Now, in the 20" century, the invention of the computer may have
had an equally profound impact on education. According to Kulik & Kulik (1987),
educational developers long ago demonstrated that they could program computers to work in
schools as drill masters, tutors, testers, and schedulers of instruction. The effectiveness of
computer-assisted learning (CAL) has however not been conclusively demonstrated (Parr,
2000). To date, it has been shown to be less effective, on average, than other forms of
intervention in education. Generally, computer-assisted learning software is under pinned by
an older, neo-behaviourist theory of learning, one that has been displaced in the classroom by
more social constructivist views of learning. Computer-assisted learning programs, especially
integrated learning systems, are generally costly. Their efficacy and cost effectiveness
relative to alternative programs, particularly with respect to reading, is questionable. While
comparative research exists with respect to effectiveness, good comparative research in

relation to cost effectiveness is lacking.

Results from evaluations of integrated learning systems show highly variable results, with
independent evaluations tending to be less favourable. The best results appear to be for basic
mathematics skills; there is little evidence of gains in reading. Integrated learning systems, in
their current form of neo-behaviourist, mastery learning, support the gaining of basic
procedural knowledge. There is evidence that students may not be able to apply such
knowledge without teacher intervention and that such knowledge may not generalize to

school or system curriculum assessment tasks (Parr, 2000).
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Part of the variability in outcome results stems from the different off-system assessment
measures used to measure progress and part stems from the differing contexts of
implementation. The latter includes characteristics of the student body and organization for
implementation including configuration of resources and deployment of personnel. Above all,
this latter factor concerns integration, particularly the match between computer-assisted
instruction (CAI) or the integrated learning system curriculum content and methods, and that

of the school and classroom.

According to research carried by Kulik & Kulik (1987), the computer-based instruction has

positive effects on students studying mathematics as shown on Table 2.1

Table 2. 1: Average effect of CBE on students in 199 studies

Number of Average effect
Outcome measure studies (std.deviation)
Final Examination 199 0.32
Attitude toward instruction 17 0.28
Attitude toward computers 17 0.33
Attitude toward subject 29 0.05
Instructional time 28 68%

Source: Centre for Research on Learning and teaching, The University of Michigan.
From the table it can be seen that:

(i) Students generally learned more in classes when they received help from computers. The
average effect of computers in all the 199 studies used was to raise examination scores by

0.32 standard deviations, or from the 50" to the 61° percentile.

(i1) Students also learned their lessons with less instruction time. The average reduction in

instructional time in 28 investigations of this point was (100-68) = 32%.
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(iii) Students also liked their classes more when they received computer help. The average
effect of computer-based instruction in 17 studies was to raise attitude toward instruction

scores by 0.28 standard deviations.

(iv) Students developed more positive attitudes towards computers when they received help
from them in school. The average effect size in 17 studies on attitude toward computers was

0.33.

(v) Computers did not, however, have positive effects in every area in which they studied.
The average effect of computer- based instruction in 29 studies of attitude toward subject

matter was near zero (0.05).

Not a lot of such studies have been conducted in our country Kenya and therefore this study

offers an insight on the effectiveness of computers in our curriculum.

2.4 Computers and Mathematics Instruction

There has been an increasing awareness that interactions between humans and technologies
can facilitate effective teaching and learning (Hennessy et al., 2005). During the 1990s,
Information Technology (IT) was the term reserved for computers and other electronic data
handling and storage devices used to provide speedy automatic functions, capacity and range.
More recently, the word ‘communication’ was incorporated to acknowledge the increase in
interaction between people and technology, this is widely known as Information and
Communication Technology (ICT). Kennewell (2004) explains that ‘the term ICT covers all
aspects of computers, networks (including the internet) and certain other devices with
information storage and processing capacity, such as calculators, mobile phones and
automate control devices. Thus ICT integrates teaching and learning as a complete activity

with a number of features.
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Kennewell (2004) points out that some key features that ICT can offer in this respect are
speed and automatic functions, capacity, range and interactivity. Deaney et al (2006) identify

teachers’ ‘practical theory’ concerning the contribution of ICT to education as:

* Broadening classroom resources and references;
* Enhancing working processes and procedures;

e Mediating subject thinking and learning;

* Fostering more independent learner activity;

e Improving learner motivation towards lessons.

The ‘practical theory’ could be seen as a starting point for the development of explicit
models of ICT into different subject teaching and learning. Nevertheless, after decades
attempting to incorporate technology in education, it is still problematic (Cuban et al.,2001).
Research therefore suggests further areas for development in terms of the contribution that
ICT lends to education including improvements in pedagogical development and teacher

training of ICT competence (Ofsted, 2004).

So with the introduction of computers to Mathematics education, one question to consider is
whether mathematics education changed when computer was introduced? Hershkovitz &
Shwartz (1999) research on the differences between computer-integrated environment and
paper-pencil environment and suggested that paper-pencil environment is relatively passive
in supporting learning. Current studies have found that there are changes in terms of active
engagement with the implementation of computers in mathematics education as computers
hold higher efficiency in mathematics manipulation and communication as well as

interactivity between teachers, students and mathematics (Hershkovitz et al, 2002).
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Research, however, indicates that the paper-and pencil environment has simplicity and
convenience that cannot be ousted from classroom practices. It can be argued that the
inappropriate uses of ICT may potentially block teaching and learning processes in problem
solving and justifying, or perhaps create cognitive obstacles in understanding (Yerushalmy,
2005; Arzarello, 2005). Since ICT and paper-and pencil environments have both advantages
and disadvantages, it is not advisable to separate but to combine them. The implementation of
ICT into mathematics education has been the main direction of current research in the field of

mathematics education and ICT (Ruthven et al, 2004; Sutherland et al., 2004).

“Despite official encouragement and enormous investment across the developed
world, the global movement to integrate digital technologies into school mathematics
has had limited impact on mainstream classrooms” Ruthven et al, 2004, Pg 23.

Since the implementation of ICT in classroom practices has been slow, recent studies shift
their attention to the role of the teacher as a mediator for appropriate integration of ICT into
teaching practices (Becta, 2004; Ruthven et al., 2004; Sutherland et al., 2004). Teachers’
pedagogical knowledge in the use of ICT to bolster students’ learning requires them to tackle
potential problems (Ofsted, 2004). Possible misunderstanding may arise from multiple
representations within the software, or improper use of ICT to investigate mathematical ideas
(Deaney, et al., 2006). Consequently, the present research focuses on instructional practice

incorporating Geogebra in the teaching and learning of mathematics.

2.5 The dynamic mathematics software Geogebra
We look at what it is, why it is different and its relevance in teaching Mathematics.

2.5.1 What is Geogebra’

Geogebra is a Dynamic Mathematics Software (DMS) for teaching and learning mathematics that
combines many aspects of different mathematical packages (Hohenwarter & Lavicza, 2007). It is

a form of freely-available, open-source educational mathematics software that provides a flexible
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tool for visualizing mathematical ideas from elementary to university level, ranging from simple
to complex constructions (Hohenwarter & Jones, 2007). It dynamically joins geometry, algebra
and calculus offering these features in a fully connected software environment (Hohenwarter &
Lavicza, 2007). It is as easy to use as Dynamic Geometry Software (DGS) but also provides basic
features of Computer Algebra Systems (CAS).

2.5.2 Why is Geogebra different?

Atiyah (2001) refers to geometry and algebra as ‘the two formal pillars of mathematics’.
Geogebra is an attempt to join these pillars, which other packages treat separately, into a single
package. The basic idea of Geogebra is to provide a dynamic software that incorporates
geometry, algebra, and calculus and treats them as equal partners thus enhancing the teaching of
mathematics through enabling learners to gain stronger links between geometry and algebra
(Hohenwarter & Jones, 2007; Hohenwarter & Lavicza, 2007). The most notable feature of
Geogebra is that it offers two representations of every object: every expression in the algebra
window corresponds to an object in the geometry window and vice versa providing a deeper
insight in the relations between geometry and algebra (figure 3.0). Geogebra provides the facility
to move between the algebra window and the geometry window. On the one hand, the geometric
representation can be modified by dragging it with the mouse like in any other dynamic geometry
system, whereby the algebraic representation is changed dynamically. On the other hand, the
algebraic representation can be changed using the keyboard causing Geogebra to automatically

adjust the related geometric representation.
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Figure 4: Screenshot from a Geogebra window

2.5.3.Teaching Mathematics with Geogebra

Skills, pedagogy and curriculum are the three aspects involved in the use of Geogebra in the
classroom. Teachers need to know how it works and how it can be effectively integrated both
within the classroom and within the curriculum. Thus, when incorporating Geogebra in the
classroom these fundamental features should be taken in mind. Geogebra can be used in many
ways in the teaching and learning of mathematics: for demonstration and visualization since it
can provide different representations, as a construction tool since it has the abilities for
constructing shapes, for investigation to discover mathematics since it can help to create a
suitable atmosphere for learning, and for preparing teaching materials using it as a cooperation,
communication and representation tool (Hohenwarter & Fuchs, 2004). The success of Geogebra
has shown that non-commercial software packages have the potential to influence mathematics
teaching and learning worldwide (Hohenwarter & Lavicza, 2007) without governments having to

invest a tidy sum of money in supplying schools with software.
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2.5.4 Effectiveness of Geogebra in Mathematics Education

The question arises here concerning the impact of Geogebra in mathematics education. This can
be answered by exploring how technological changes interact with learning. Modern technology
can provide students with a new means to experience mathematical concepts; it is essential for
everyone involved in the teaching community to understand if these means affect and how they
affect what students learn. Educators need to know the realities and the possibilities for learning
in the era of technology. Several educational organizations have started to develop technology-
related standards. In the US the National Council of Teachers of Mathematics (NCTM) considers
technology as one of their six principles for school mathematics: “Technology is essential in
teaching and learning mathematics, it influences the mathematics that is taught and enhances
students’ learning” (NCTM, 2000, pg. 16). In England the Teacher Training Agency (TTA) offers
a rationale for making use of ICT to support children’s learning of mathematics. They suggest
that technology has the potential to make a significant contribution to their pupil’s learning
mathematics, because it can help them to:

i) practise and consolidate number skills;

ii) explore, describe and explain number patterns;

iii) take their first steps in mathematical modelling by exploring, interpreting and explaining
patterns in data;

iv) experiment with and discuss patterns in number and shape and space;

v) develop logical thinking and learn from immediate feedback;

vi) make connections within and across areas of mathematics;

vii) develop mental imagery and

viii) write simple procedures (TTA, 1999).

Additionally, the Qualifications and Curriculum Authority (QCA) states that: A sound grasp of
technology is essential in modern society; it gives learners’ the skills and understanding needed

to use technology effectively, every day and in the world of work ahead. Moreover, a sound grasp
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of technology is fundamental to engagement in modern society; it teaches learners how fto find
information appropriate to a task and to judge the accuracy and reliability of what they find. It
gets learners questioning and learning things for themselves and provides a gateway to
information and experiences from a wide range of people, communities and cultures (QCA,
1998). One of the most interesting research fields in mathematics education concerns how to help
students come to a ‘proper’ understanding of mathematics. A great number of teachers and
researchers these days try to discover the impact of technology on teaching and learning of
mathematics. The British Educational Communications and Technology Agency (BECTa, 2007b)
argues that technology ‘improves attainment and helps raise standards, supports school
improvement and efficiency, strengthens local authority data management and helps to
personalize learning’ (pg.15). The use of technology, wherever it is possible in the classroom,
makes the teaching process more efficient and strengthens knowledge; there are claims that
technology has the potential to enhance cognitive learning, develop problem-solving and higher-
level thinking skills and extend physical and mental abilities (Loveless, 1995). Working with
technology contributes to the students’ use of their mathematical knowledge and stimulates them
into making their thinking visible and constructing their own knowledge (Hurme & Jarvela,
2005). Researchers have found evidence of a positive relationship between technology use and
educational attainment (BECTa, 2001). Technology can develop children’s knowledge,
understanding and skills concerning the following factors: finding things out, developing ideas
and making things happen, exchanging and sharing information, reviewing, modifying and

evaluating work as it progresses (Allen, 2007).

Evidence from research on the impact of technology on intermediate outcomes, such as
motivation, engagement and independence in learning, is increasing and more persuasive. The
literature, especially in England, is very positive and rarely negative (Higgins et.al, 1999) about

aspects of technology use. Many researchers have shown that in schools, the use of technology by
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teachers is very effective in raising learners’ motivation and extending their communication skills
(BECTa, 2007a; DfES, 2003; OFSTED, 2005). This motivating power can be particularly
effective for pupils with special educational needs (SEN). Technology can help them to overcome
some of their barriers, for example their ability to produce legible and tidy work, and hence can
raise their achievement (BECTa, 2007c¢).

The benefits gained from the use of ICT apply to all students, especially to students that have
special educational needs (Franklin, 2001; OFSTED, 2004). Students who are reluctant learners
for whom the classroom language is their second language or learners with learning difficulties or
disabilities, can work in private at their own pace without feeling that they are holding back.
There is a substantial body of research into the ways in which technology can support pupils with
additional or special educational needs; Technology is a powerful tool in supporting inclusive
practice (BECTa, 2007c). With technology, students who have special educational needs have the
right to access the whole curriculum; Technology facilitates both mixed abilities classrooms and
inclusion education (Smith, 1999). The DES (1990) argues that ‘information technology is
making a unique and valuable contribution to the learning of learners with special educational
needs, enriching their learning experiences and enhancing their access to a broad curriculum’
(pg 43). Technology is able to provide all children with access to communication, expression and
information and thus a broader curriculum and experience (Loveless, 1995). Wenglinsky (1998)
refers to the debate on technology’s effectiveness. On one hand, advocates for technology assert
that most uses of technology are valuable and can lead to improvements; technology can support
higher-order skills and increases students’ motivation. On the other hand, those who are opposed
to technology assert that computers limit opportunities for social interaction and that the gains to
academic achievement are not balanced to the costs of buying and maintaining technology. The
use of technology in the classrooms has caused the fear of social isolation or reduction of

students’ social skills (Hennessy et al., 1989). Thompson (2003) argues that technology promotes
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discussion and helps students to develop their thinking and understanding, particularly their
mathematics thinking and their individual reasoning.

If educators accept that there are social, economic, intellectual and pedagogical reasons for using
technology in education, they need to consider not only how to use a range of ICT resources but
also why and when to use them. If teachers do not understand the purpose for using such
applications and the right time to use them then they may not get the innovations and changes
they hoped for. In England, the National Numeracy Strategy (NNS) states that the teachers should
use technology in their daily mathematics lesson only if it is the most efficient and effective way
to meet their lesson’s objectives (DFEE, 1999).

The fact that a particular technology is available in a classroom does not automatically mean that
it will be used at all or that it will be used in a particular way or that it will have positive
outcomes. Agalianos et al. (2001) argue that technologies and their use in the classroom are
‘socially contextualized and socially shaped’ (pgs 479-480). Technology does matter to academic
achievement but is dependent on how it is used. When used properly technology can lead to
positive outcomes. It is important that technology is used in those areas where it provides benefits
and reduced in areas where it does not (Wenglinsky, 1998).

With respect to the study, it is imperative that the curriculum implementers identify topics that
require use of technology and allow the students to explore the world of knowledge themselves.
Geometry and Algebra are branches of mathematics that require technology use and should be

explored extensively.

2.6 Computer Instruction and Achievement

Sulak (2002) studied effects of computer based instruction on student’s achievement and
attitude in mathematics courses. In the study, the computer based teaching was found to be
better when compared to the traditional methods in terms of both achievement and attitudes.
Similarly, Aktiimen & Kacar (2008) have investigated possible effects of computer algebra

system (Mapple) on students’ attitudes toward mathematics. They reported that the students
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who use Mapple in learning environments have more positive attitudes towards mathematics.
Giiven & Karatas (2003) aimed to determine students’ views about computer-based learning
environment created by dynamic geometry software Cabri. At the end of the study, the
students’ views had changed positively for mathematics in general and geometry in
particular. The students also found dynamic geometry environment very useful. Furthermore,
it is reported that the students gain more confidence by exploratory mathematical activities.
Karakus (2008) intended to determine possible effects of computer-based teaching on
students’ achievement for transformation geometry subjects. In the experimental study, there
was significant difference in favor of experiment group. All students of the experiment group
had achieved high attainment level with computer-based instruction in teaching of
transformation geometry. Moreover, this difference becomes more significant and gets higher
for successful students in the subjects of reflection and rotation. However, there is not any
significant difference between experiment and control groups for low successful students; it
has been observed that computer based instruction increased the experimental group success.
This study through its null hypothesis Hg; sought to test whether there is any significance
difference in the achievement of students taught Transformations using Geogebra and those
taught using conventional teaching methods.

2.7 Computer Instruction and Attitude

Today’s learner is called a digital student. Information and communication technology (ICT)
permeates our whole life including work, learning, leisure and relationships. Digital literacy
will, if it does not already, undoubtedly play a significant role in our future lives (Allen,
2007). Students nowadays live in a world where ICT plays a central role in their daily lives.
They enter the classroom not only having encountered rich digital experiences but also being
part of a society influenced by new technologies. In order for them to succeed in our digital

culture, they need to be equipped not only with basic but also higher-order skills. Papert
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(1994) states that ‘not very long ago, young people would learn skills they could use in their
work throughout life. Today, in industrial countries, most people are doing jobs that did not exist
when they were born. The most important skill determining a person’s life pattern has already

become the ability to learn new skills, to deal with the unexpected’.

Education needs to prepare students for their adult lives in today’s and tomorrow’s world, so
that they can contribute in activities not as passive but as active and empowered participants
(Pachler, 2001). 