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Abstract

The purpose of this study was to investigate the effect of graphic calculators on the mathematical
achievement of Eritrean grade 10 students related to the concepts of quadratic function. The
study adopted a quasi-experimental design that involved two groups of students: the graphic
calculator group and paper and pencil group. A total of 41 students from two secondary schools
were involved in this study. 20 students were in the graphic calculator group and 21 in the paper
and pencil group. A quadratic functions test was used to determine whether there is a significant
difference in the mean achievement score between the two groups at the pre-test and post-test

stages. The groups were compared by using the student’s t test for independent samples.

The results indicate that there was significant difference between the overall mean scores of the

graphic calculator group and the paper and pencil group at the 0.05 level of significance.

Conclusions drawn from the results indicate that the graphic calculator had a positive effect on
students” mathematical achievement related to.the-eoncepts of quadratic function. Based on this
study it is recommend that furthet-study-in-terms-of-gicater-seope and sample size should be
conducted. Moreover, other factors such.as.the-effect.of graphic'calculators on students’ attitude
towards mathematics influence on the content of the mathematics curriculum, and calculator use

by students and teachers need to be ¢onsidered.
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Chapter One

Introduction

1.1 Background information about Eritrea

Eritrea is a new nation, which obtained its independence in 1991 after a thirty year long
war. It is Africa’s newest nation. Eritrea is located in Northeast Africa facing to the Red
Sea. Sudan is to the west and north and it borders Ethiopia and Djibouti to the South. It
has an area of 125,000 sq. km with an estimated population of 3.5 million. Ethnically

Eritrea 1s divided in to nine nationalities.

During the war for liberation the economy, infrastructure, social conditions and education
were subject to continuous deterioration. The educational system was nearly destroyed

since the human capital of Eritrea were persecuted and displaced.

Since liberation, however, there-have been majet-achievements and adjustments in
various areas in rebuilding the pation, Education hias been placed among the top priorities
of the government. The ministdy of Education is/ making a continuous effort in the

provision of education of which the major general objectiyes include:

¢ To produce a poputation eqtipped ‘with"the necessary skills, knowledge and

culture for a self-reliant and modérn economy.

¢ To develop self-consciousness and self-motivation in the population to fight

poverty, disease and all the attendant causes of backwardness and ignorance.

¢ To make basic education available to all.

(Ministry of Education, 1999:1).

The pre-university school system in Eritrea has three levels. It 1s a 5-2-4 system

consisting of five years of elementary school, two years of junior secondary school and
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four years of secondary school. The first part of the seven-year education, that is the
elementary and junior level, is compulsory basic education. The medium of instruction is
English except at the elementary level. Elementary levels follow their instruction in their

mother tongue, (first language), which are nine languages.

According to the Ministry of Education (2001b), the curriculum for elementary school
emphasises the basic skills of reading, writing and arithmetic along with instruction in
science, civics, geography and physical education. The middle level is a transition from
elementary school to secondary school. The curriculum comprises the study of basic
skills along with science and social studies. The curriculum in the secondary level is
divided into specific disciplines from which students can choose a particular stream,
mostly natural science and social science. Very few schools provide agriculture and

commerce. In all grades, mathematics and English language are taught as compulsory

subjects.

Mathematics education in Eritrea has.a-central-part-in the curriculum of different areas of
studies. Among the aims of ‘teaching mathematies;m: Eritrean secondary schools the
subject is aimed to provide students; with tools which they can use in other subjects
(Ministry of Education, 1999). As a result mathematics 1§ regarded a basic subject to be
taught at all levels of school. Themain-goals-of mathematies education in Eritrean school

system are:

¢ To develop mathematical skill among students, which will enable them to function in

all practical affairs of life;

¢ To deepen their appreciation of the importance and role of mathematics in the

society;

¢ To develop in pupils a positive attitude towards the subject and thus enjoy learning it;
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¢ To enable every one to master mathematics in accordance with his/her abilities and
prepare the capable ones for higher education;
¢ To provide pupils with mathematical tools which they can use in other subjects.

(Ministry of Education, 2001b:1).

1.2 Statement of the Problem

The mathematics curriculum of Eritrean secondary school comprises various areas of
study in algebra, geometry and trigonometry. One of the main concepts in mathematics
curriculum is the concept of functions. As it is indicated in the curriculum framework for
secondary level mathematics in Eritrea (Ministry of education, 2001b) the concept of a
function is provided in grades 9,10 and 11. However, this concept is one of the most

difficult topics in the teaching and learning of mathematics.

From my experiences as a teacher in a secondary school in Eritrea there were a number of
conceptual obstacles to progress in the concept of functions and the most common of
these was the failure to construct-the graph-ef funictions because of the repeated
algorithmic computations involved in the process of graphing. Graphical representation
of functions were problematic and often students’ work was inexact. Even for the teacher,
the construction and interpretation|of a|few special functions was only possible to
represent in the chalkboard. This-may-be,as-Julie (1993a)"points out, a result of paper
and pencil construction of graphs is tedious‘anid'time consuniing. Rich (1993:389) asserts,
“when paper and pencil graphing 1s used,“the graph often becomes the goal and the
concepts get lost in finding and plotting points”. Considerably, a significant amount of
the class time is spent on routine algorithmic computations and rote practice of
procedures. In this case students do not get sufficient time to visually explore essential

mathematical ideas (Julie, 1993a).

In essence, then, some of the reasons that the concept of a function is difficult for

secondary school students are:
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¢ Construction is tedious and time-consuming (Julie, 1993a; Fey, 1989; Rich,

1993:389).
¢ The graphs of many interesting functions are difficult to represent on the black board.

¢ Little or no time is left for students to visually explore the more mathematically

appropriate features of functions (Julie, 1993a: 22).

¢ Often the sketches of the graphs are inexact due to the repeated and enormous use of

algorithms in finding and plotting points (Rich, 1993:389).

The coming of technology, however, is promising to improve the difficulty in the
teaching and learning of functions. Fey (1989) asserts that computer technology * offer
enormous promise for enhancing student understanding of important mathematical ideas
for providing alternative visual methods of mathematics problem solving” (p.252). Julie
(1993a) states, “ The ‘functions’ sub-Currieulum-is-enc of the first curricular areas in
mathematics that has benefitedfrom the'advances made’in computer technology.” (p.2).
These technologies can enable students to, constimiet niore gasily and accurately the graphs
of functions and, then, help them to visually explore the properties, behaviours, and

essential concepts of functiong:

One of the computer technologies that show a potential to effer a great help to students in
the concepts of functions is the graphic calculator. Graphic calculators are pocket sized
programmable calculators that provide many interesting features including the graphing
of functions to mathematics classroom. These calculators may help to remove the burden
of rote practice of procedures to construct graphs and enable students to focus on the

underlying concepts of functions.
Thus, this study aims at investigating whether or not graphic calculators have an effect on

grade ten students’ mathematical achievement related to the concepts of quadratic

function. The focus of this study is to collect empirical data based on students’ score on
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two given tests related to the concepts of quadratic function. The first test was given prior
to the study to ensure the equality of the two groups. The other test (post-test) was given
after the study to determine the effect of the calculators on the mathematical achievement

of Eritrean grade ten students. The research question underlying the study is:

Is there any significant effect on grade ten Eritrean students’ mathematical achievement
related to the concepts of quadratic function if they are allowed to use graphic

calculators?

1.3 Motivation of the Study

The need to make mathematics interesting and relevant to students is one of the most
important goals of a mathematics teacher. Often, from my experience, students widely
perceive mathematics as difficult subject. They view mathematics as a system of abstract
ideas that has no connection to the daily life situations. As a secondary school teacher in
Eritrea, I have observed that this belief led students to perform poorly in mathematics.
Each year the failure rate in.matliematics confimues-to-be higher. Many concepts of
mathematics remain ‘difficult’” for-students during-the teaching and learning process. One

of these difficult concepts is that of functions.

Even though much effort has been-made-to improve the-difficulty, there is still a problem
of poor performance which maypartly suggests-that this is not only a factor of students’
weakness. To construct a graphical. representation.of situations were one of the main

problems encountered in dealing with the concepts of functions.

When I read studies related to graphic calculators in mathematics classroom, and work
with the calculator I came to realise that they might greatly improve the difficulties in the
teaching and learning of the functions concept. Nowadays there is an increasing
realisation that computer technologies, particularly graphic calculators, may help
secondary school students in learning mathematics and, thus, improve the ways of
teaching and learning mathematics. Presently, there is a growing body of research related

to graphic calculators in the mathematics classroom. Researchers worldwide have been
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working for better ways of teaching and learning of mathematics by integrating new

strategies with technology mediated instruction.

Furthermore, technology is growing rapidly and various software packages are available
to deal with complicated ideas of mathematics. As Fey (1989) asserts, using these
technologies mathematical ideas and procedures can be made in dynamic ways that were
impossible before. Thus, mathematics and mathematics education in our educational

system should explore the potentials offered from the advancements made in technology.

1.4. Significance of the Study

It is evident that technology is growing rapidly. Computer technologies offer graphic
software and symbolic manipulation systems to the school mathematics education.
According to Noss (1991:82) the computer technology allows its user to explore,

investigate and pose problems and offer flexible representation of situations.

Students in Eritrean secondary sehotls are notallowed to-use (or even did not know) any
kind of graphing technologies. While teaching the concepts of functions a significant
amount of the class time is devoted to routing manipulations involved in the process of
graphing and plotting of points to|construct /the | graphs. That is, they may not be
encouraged to visually explore-the-essential-ideas-and-concepts of functions. The concept
is difficult to introduce to students!in'such. & way that/they can integrate functions into
their own understanding of ‘rgal: hife] situations. ( | Fori*instance, many students often

misunderstand the concept underlying the domain and range.
Hence it is hoped that the study on the effects of graphic calculators to the context of
Eritrean secondary school students may shed some insights to the teaching and learning

of functions. To this end the study has the following objective:

¢ To investigate the effect of graphic calculators on the mathematical achievement of

Eritrean grade ten students related to the concepts of quadratic function.
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1.5 The Scope of the Study

The study was conducted in two secondary schools of Asmara, the capital city of Eritrea.
The study is a quasi-experimental one. Two groups of students were involved. The one
group was taught the concepts of quadratic function with the use of graphic calculators.
The other group was taught the same content in paper and pencil format. Participants of

the study were two groups of students from two secondary schools.

The participants of the study in each group were selected randomly from the population
of grade ten students learning in the morning shift of the school time. The afternoon shift
of the school time was used for the study. Approximately 15 hours were used for

teaching the concept over one month.

1.6 Limitations of the Study

The study had the following limitations:

¢ The study was conducted in-speetfic-schoots;-and-the-sample is not representative of

the whole Eritrean grade ten students:

¢ The study is limited to the effects of graphic calculators on the mathematical
achievement of students. Ft-does not-involve issues-such as use of calculators and

effects on attitude towards'mathematics:

¢ There was a lack of quantitative data (ESECE: Eritrean Secondary Education
Certificate Examination marks) that was needed to determine the performance among

schools (to calculate the correlation between schools).

¢ The study was limited to grade ten students and the concepts of quadratic function

only. It does not include other grades and concepts of the mathematics curriculum.
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1.7 Organisation of the Study

Chapter one provides background information, statement of the problem and motivation

of the study.

Chapter two provides a detailed review of literature on graphic calculators in relation to
mathematics education. The importance and influence of technology in mathematics
education is also dealt with. Moreover students’ understandings of the concepts functions

and theories of learning mathematics are also discussed.

Chapter three consists of the method of research, the techniques used for the data

collection and the research design used.

Chapter four continues with the presentation, discussion and analysis of data. Statistical

significance tests are used to determine the effects.

Chapter five discusses the overall conclustons-and-reccommendations of the study.
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Chapter Two

Literature Review

2.1 Introduction

During the past few decades the study of mathematics education has made various
developments. The field has now numerous research areas on critical issues related to the
teaching and learning of mathematics. One of the issues being raised by many researchers

in the field is the effect of technological tools used in the school mathematics.

This chapter provides a discussion on mathematics education and technology. The
graphic calculator is given attention with regard to its use and review of studies related its
use and effect on achievement. It is also worthwhile to note the theories of learning and
the nature of the concepts of functions. The following section discusses theories of

learning in mathematics education.

2.2 Theories of Mathematical Learning

What is mathematical learning? How do students leamn? How does the learning of
mathematics take place? And what is mathematical understanding? These are among the
early and critical questions that studies 1 mathematics education looked at in the past
few decades. In this regard ‘there!have been' differént' 'dévelopments in mathematics
education research, from empirical and ‘analytic research 'in school to more theoretical

investigations (Kieran, 1994).

By taking the various aspects and dimensions of students’ learning of mathematics, there
is no common view on this issue. At this time it is widely recognized that mathematical
learning is not simply the process of filling students’ mind with knowledge as “‘empty
vessels” (Davis and McKnight, 1979; Kieran, 1994). As Kieran (1994) points out the
awareness of psychological research of Piaget and the subsequent theoretical work on
understanding led to an emerging view of mathematics learning in which it rejects the

metaphor of students’ mind as “empty vessels”. Kieran (1994) notes, “learning
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mathematics means with understanding and that understanding (no longer equated with
mathematical rigor or correctness) is an ongoing activity, not an achievement™ (p.605).
Kieran goes on to say, “this evolution has been accomplished by the development of
research approaches that emphasize the observation of the process of learning rather than

the measurement of their products” (p.605).

Thus, the emergent view of mathematical learning which is increasingly discussed by
mathematics educators and researchers in the field is the so-called ‘constructivism’.
Ernest (1993:169) points out that the positive side of constructivism for its acceptability
by many mathematics educators is that “... it embodies a powerful vision of the active
and epistemologically empowered learner.” However, at the same time, Ermest
(1993:169) warns for “the dangers that follow from an over enthusiastic or uncritical

embracing of it or from a failure to recognize its real limitations.”

Gordon (1993:177), citing Davis and Hersh, notes that the assumption underpinning
constructivism is that mathematical knewledge-is-obtained by a finite construction which
differs from the two other central;belrefs of Platontsmiand Formalism. As Gordon
(1993:177) points out Platonists believe that mathematical objects are not things which
we construct but things which already exist.|On the other hand, according to Gordon
(1993:177), Formalism contends;“there-are-axioms, defifiitions and theorems which can
be applied to physical probiems; even-thoughthey haye no counterpart in reality.”
Constructivism is an epistemology .that views, knowledge as being ‘constructed’” by the

learner from their prior experience.

However there is no common view for constructivism. The word ‘constructivism’ is
controversial and used in a vague manner. Ernest (1993:168) notes that there are different
forms of constructivism, which greatly vary in terms of their practical significance. Cobb,
Yackel and Wood (1992) also assert that dualism emerged from the tensions between
mathematical learning being viewed as enculturation or as individual construction. Ernest

(1993:168) suggests that different forms of constructivism can be distinguished by their

10
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underlying metaphor and models of the mind and the world. . In the following sections I

will discuss the different forms of constructivism.

2.2.1 Information Processing Constructivism

Ernest (1993:168) puts the first form of constructivism as information processing
constructivism. According to Ernest information processing constructivism ‘“recognizes
that knowing involves active processing, that is it is individual and personal and it is
based on previously acquired knowledge” (p.169). To this form of constructivist the

metaphor of mind is largely based on the computer.

Davis and McKnight (1979) assert, “the tasks computers do nowadays are becoming
increasingly to resemble intelligent human behaviour with however the special advantage
that we know, more or less, what is going on inside the computer because we wrote the
program that tells the computer what to do” (p.93, emphasis original). Hence, Davis and
McKnight believe, “... ‘sophisticated computer programming’ can provide metaphors
that are useful in analysing human-imathematical-theught” (p.93). They went on to say,

“...mathematics is a matter of ideas-that-yeu developin-yeur own mind” (p.94).

Information processing construgtivist, or |¢ognitive researchers, discuss the analysis and
model of student errors, hypothesize human nformation-processing mechanisms and
draw on the historical developmentlof thelconceptionigfiscience for their formulation of
the theory of mathematical I8arning; Davisiand McKnight' (1979) postulate a dozen of
human information process mechanisms which have been used for analysing student’s
mathematical thinking. They describe these mechanisms in three processes as: sequential

process, Gestalt process and deeper level rules of mathematical thinking.

2.2.2 Radical Constructivism

Radical constructivism is based on Von Glasersfeld's principles, which draws from the
work of Piaget (Ernest, 1993:169; Kieran, 1994). According to Glasersfeld (1995:1),

“radical constructivism starts from the assumption that knowledge no matter how it is

11
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defined, is in the heads of persons... what we make of experience constitutes the only

world we consciously live in ... But all kinds of experience are essentially subjective...”
Thus, radical constructivist’s basic principles, according to Glasersfeld (1995:1), are:

1. a. Knowledge is not passively received either through the sensor by way of
communication;

b. Knowledge is actively built up by the cognising subject.

2. a. The function of cognition is adaptive, in the biological sense of the term, tends
towards fit or viability;
b. Cognition serves the subject’s organization of the experiential world, not the

discovery of an objective ontological reality.

Ermest (1993:169) notes that for radical constructivist the underlying metaphor for the
mind or cognising subject is that of an-ergamsni-undergoing Darwinian evolution with its

central concept of the ‘survival of thefit-or the fitter’;

Forster and Taylor (2000), by citing Glasersfeld, nate, ““...on the psychological aspect of
learning, it is seen to entail reflection-on-activity-or-the-process of reflective absorption,
which is the individual absiragting regularities--and -rules from experience” (p.38).
However, Brown (1996) suggests that radical constructivism “down plays the social
parameters built in the tasks as framed by teachers” (p.118). Cobb et al. (1992) also
contends, “the suggestion that students can be left to their own devices to construct the
mathematical ways of knowing compatible with those of wider society is a contradiction

of terms” (p.27).

12
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2.2.3 Social Constructivism

With dissatisfaction or ‘limitations’ of the cognitive theories a newly emergent form of
constructivism is that social constructivism. Even though the cognitive sciences are the
basis or point of departure for this form of constructivism, Kieran (1994) notes, the
development of social constructivism is related to a limitation of the other forms of
constructivism that they emphasize the cognitive oriented work. Cobb et al. (1992) state:
“...dualism created between mathematics in students’ heads and mathematics in their
environment” (p.2). Vinner (1997) asserts that the cognitive approach is not enough.
Vinner further notes, “not every event in mathematical learning can be explained in
cognitive terms, and that is a fallacy to assume that the cognitive approach is adequate for

almost every situation in mathematical learning” (p.97).

Drawing extensively from the work of Vygotsky, a number of mathematics educators
argue the view that mathematical knowledge is certain and this knowledge is in the heads
of individuals. Ernest (1993:171) contends that the individualistic emphasis makes it hard
to establish a social basis for interpersonal-comimmmnication. Cobb et al. (1992) state:
““...the apparently common belief that constructivism as a theoretical position implies that
mathematical learning should be a process of spontaneous, unguided independent
invention... Constructivist theory is ithen interpreted to imply that students’ learning
should be natural and that teachers-should nottelithem-anything as they attempt to make
sense of their worlds... We doJriotbeliéve that mdtliematical.learning can ever be natural,
if by natural we mean the upgonstrained jorgani¢ growith of mathematical knowledge

independent of social and cultural circumstance.” (p.27).

In the light of the above arguments, then, social constructivism permits the notion of
mathematical learning as individual as well as a social constructive activity. According to
Ernest (1993:170) social constructivism “regards individual subjects and the realm of the
social as indissolubly interconnected”. Brown (1996) also points out that the social
constructive perspective offers the use of social dimension as an underlying basis in

“finding a more complementary association between object and subject” (p.118).

13
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For social constructivists the shared set of concerns and values, particularly the
interaction (conversation), in the social practice has centrality for their theory of
mathematics learning. The individual learner is considered as constructor of his own
knowledge within the social setting. Cobb et al. (1992) assert that mathematics is both
individual and collective activity in which “mathematical knowledge has a social as well

as cognitive aspect in that to know is to be able to participate in a social practice” (p.27).

The underlying metaphor of mind for the social constructivist, according to Ernest
(1993:70), is that of ‘conversation’. The social aspect of this perspective is built around
the development of communication because they believe that mathematical meanings are
socially and culturally situated (Cobb et al. 1992). Mellin-Olsen (1987:33) referring to
Activity Theory notes that the individual acts on the society while he/she is becoming
socialised to it in which the learning setting could be the context of the classroom.
Mellin-Olsen (1987:77) holds the fact that *“ language is the basic thinking tool of human
being” (emphasis original). Cobb et al. (1992) agree with the above assertion that “social
interaction plays an important role.in-students>>mathematical learning.” (p. 5). In line
with this Sfard (2000) stresses that commumicationisithe primary cause for the origins of
mathematical objects such as number, function, set or group. Sfard (2000) writes:

mathematical objects emerge through negotiations| between metaphor and rigor.” (p.
324).

From the above-mentioned discussion,-.it-can.be noticed, that no theory in mathematics
learning is adequate in itself. As we strive to explore various dimensions of students’
mathematical learning new issues will start to emerge. The society in which we live is
growing rapidly. It is not static; it is, rather, undergoing complex transformations. Thus,
theories in mathematics learning have to develop in the light of these transformations
especially in our increasingly mathematised and highly technologically influenced
society. Ernest (1993:173) states: ““ our theories are tools, only to be used for as long they
remain useful, and technology always outgrow itself in the face of human needs and
ingenuity.” For me the differences in theories of mathematics learning can create

confusion with respect to which theory to follow in research. The latest theories often

14
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point out ‘limitations’ on the foregoing theories. However it seems to appreciate the
strong points of each theory it offers and use accordingly by not restricting to a single line

of research (theory).

My theoretical orientation concerning the study on students’ use of technological tools is:
the use of non traditional approaches of learning is grounded in the tenets of social
constructivism theory of learning in which students actively construct their own
knowledge “in attempting to resolve problems that arise as they participate in the
mathematical practices of the classroom” (Cobb et al. 1992, p.10). As Cobb et al. (1992)
note, “the learning teaching process is interactive in nature and involves the implicit and
explicit negotiation of mathematical meanings” (p.10) in which students as well as the

teacher make inferences about each other’s mathematical activity.

Mathematics is essentially a human activity (Wilder, 1981:28). The use of technology is,
then, viewed as ‘thinking tools’ and ‘communicative tools’ (Mellin-Olsen, 1987:47) in
which they are viewed as “integral to-mathematical-activity rather than an external and to
internal cognitive processes and s (are) consideredtorprofoundly influence mathematical

understandings” (Forster and Taylor, 2000; p.38).

In this kind of activity, the role-ef-the teacher—is-viewed to “initiate and guide the
classroom community’s develfopment rtakensas-shared »ways of mathematical knowing
that are compatible with thqse of,-the wider community” (Cobb et al., 1992, p.101
emphasis added). And students “actively construct the mathematical ways of knowing as
they are initiated to the taken-as-shared mathematical practices of wide society by the

teacher” (Cobb et al., 1992, p.26).

In this study the effects of technological tools -graphic calculators- on mathematical
achievement of Eritrean grade ten students related to the concepts of quadratic function
will be examined. Quantitative findings are the data for analysing the effect of the

graphic calculators on students’” mathematical achievement related to the concepts of
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quadratic function. The following sections discuss the concept of functions and

technology and mathematics education.

2.3 The Concept of Functions

It is prudent to say that functions and their graphs are one of the central concepts of
school mathematics. The concepts of a function have been the focus of numerous
research studies over the past decades (Doerr and Zangor, 2000). Nowadays the studies

are elevated with the advent of new computing and graphing technological tools.

Leinhardt et al. (1990) note that the concept of functions is significant in mathematics

education because of:

e Increased recognition of the organizing power of the concept of functions from
middle school mathematics through more advanced topics in high school and

college.

e The symbolic connections-that-represent-potential for increased understanding

between graphical and algebraic worlds, |(Leinhardt et al., 1990, p.1).

Functions can be represented“using-a variety-of ways:—algebraic, tabular and graphical
(Brian and Hirsch, 1998; Leinhardt etiali 1996). Many sttidents experience difficulties in
the concept of a function becaugejthey jo ftemmngunderstood the concept of a variable and
how variables allow them to construct mathematical meanings (Graham and Thomas,
2000). The function concept is extremely difficult and involves various levels of

abstractions (Leinhardt et al., 1990, Brian and Hirsch, 1998; Tall and Bakar, 1992).

The concept of a function has become problematic to students. From their review of the
literature Brian and Hirsch (1998) note that research studies in traditional functions

curriculum indicates that:

¢ Students developed very limited conceptions about functions.
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*

Students' conceptual knowledge lagged far behind their procedural knowledge.

*

Students could not apply their knowledge to problem solving situations.

*

Students have difficulty translating among the different representations of functions.

*

Students do not appreciate overall structure of the function concept.

Brian and Hirsch (1998) point out that the modern set theoretic definition of function
often used by teachers and textbooks is too formal and abstract to students. Tall and
Bakar (1992) also note that the set theory form of domain, range and rule relating each
element in the first with a unique element in the second proved difficult for most
students. They assert, “ somehow the general concept seems to be too general to make
much sense. [Although] we may teach pupils about the general concepts such as the
domain on which the function is defincd-and-the range.of possible values, these terms do
not seem to stick in their memories. Instead, they gain their impression of what a function
is from its use in the curriculum, tmplanting deep seated ideas which may be at variance

with the formal definition” (p.39).

Sfard, cited in Brian and Hirsch(1998); suggestl that.functions should appear as models of
relationships because that is howythey firstjgame intosbeing historically. Leinhardt et al.
(1990) also note that graphs are taught earlier separately from the topic of functions.
They contend, “neither functions nor graphs can be treated as isolated concepts” (p.3).
They refer that both are communicative systems, on the other hand, and a construction
and organisation of mathematical ideas on the other. In line with this Tall (1992:497)
refers the historical development of functions that complex network connections such as
graphs, algebraic expressions, the relationship between dependent and independent
variables has evolved from the concept of functions. Thus, as Brian and Hirsch (1998)
point out, the historic definition of functions, as a relationship between variables, is more

relevant and meaningful to students as it capitalises on their prior intuitive notions of the
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function concept. This is because students possess prior knowledge of functions as
relationships. Leinhardt et al. (1990) point out the existence of an implicit understanding
of function, in the early age of a student. They note, by citing Piaget, that it exists as early

as the age of three and half.

One of the difficulties that students face during the learning of functions is the concept of
algebraic variables. Eventhough variables are fundamental to functional relationships and
graphical representations (Leinhardt et al., 1990) students find it very difficult to
understand graphs as abstractions and to develop a link between algebraic and graphical
forms (Ernest, 1989:38). The notion of a variable is not straightforward as it is described
as having a wide variety of using it (Graham and Thomas, 2000). Graham and Thomas
note that defining a variable is extremely difficult. Leinhardt et al. (1990) give two
interpretations of a variable. They note that the first interpretation of a variable is “a
relatively static one, which emphasises a variable as a tool for generalisation or for
describing patterns” while the other is a more dynamic “which in essence captures the

variability and simultaneous changes in-ene-variable.in comparison to other” (p.22).

Graham and Thomas (2000) suggest that the difficuities in understanding variables stem
mainly from their sophisticated and multi-faceted nature of role of symbols. They believe
that mathematical entities present=themselves—n—two-distinct but complimentary faces:
dynamic process or as static opjects; 4hey,build their ideas on the term ‘procept’, which
comprises the combination of mathematical symbols as a process and as a concept. They
suggest, “the term procept is a useful one as it draws attention to the duality present in
symbols in which mathematical idea in question is both a process and a concept” (p. 267)
Hence, they assert, “the ability of students to use variables effectively will depend
crucially on their versatility in accessing these alternative mental modes, being able to
think both holistically about the object, and sequence capsulated”(p.267). Moreover the
set of values that are assigned to the variable are central to students’ understanding
(Leinhardt et al., 1990). Hence the concept of a variable becomes difficult to students due

to the meaning of the context of the variable. Gray and Tall (1994) note that, for example,
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f (x) in traditional mathematics represents both the process of calculating a specific value

of x and the concept of the function for general x.

Another difficulty in student understanding of the concept of a function is the idea of
graphs. Dunham (1991:148) suggests that understanding of graphs is critical to success in
mathematics, however recent studies show that most secondary students have difficulty
interpreting and using graphical display. Hennessy et al. (2001) point out that students
find it very difficult to understand graphs as abstractions and develop a link between

algebraic and graphical/ visual forms.

Janvier, cited in Leinhardt et al. (1990), suggests that most graphing instruction was
overly focused on quantitative, abstract, localised skills. Janvier argues that students first
should be introduced to qualitative graphs of concrete situations and asked to view them
globally instead of point wise. That is traditional instruction begins with tasks of graphs
that require students to read and plot individual points on scaled Cartesian Coordinate
systems. Leinhardt et al. (1990) put.it:=“Studeiits-should be encourage to attend to the
entire graph as a expression of;the relationsip between ;two simultaneously changing

variables and to express that relationship i words rather than numbers” (p.28, emphasis
added).

Browning (1991:129) suggests; that students- understanding of graphs occur in levels.

Browning characterises four leyels.in. studying levels, of graphical understanding.
The following is a sample of characteristics for each level.
Level 1: recognition of the graphs of a parabola; placed in different positions, simple

interpretations of information from a graph, and development of initial vocabulary.

Level 2: translation from verbal information into a simple sketch of a graph, use of initial

vocabulary learned in level 1 and simple interpretation from a graph.
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Level 3: usage of properties of graphs of functions to determine functions from non
functions, recognition of connection between a graph and its algebraic representation, and

usage of properties of functions to construct graphs.

Level 4: usage of a given information to construct a graph, usage of information from a
graph to deduce more information, and recognition of what is required to find from given

information.

Given the above levels of graphical understanding of graphs and students understanding
of the function concept, it is often noted that students encounter difficulties in
comprehending the function concept. Besides, the notion of variable and graph in the
function concept, there are also many notions such as domain and range. Leinhardt et al.
(1990) discussed student misconceptions and difficulties by noting: a) what is and is not a
function; b) correspondence; c) linearity; d) continuous versus discrete graphs;

e) representations of functions; F) relative reading and interpretation; g) concept variable

and h)notation.

Thus it becomes obvious thing to say that the concept of functions is problematic to
students. However, numerous r¢search studies note that technologies offer much promise

to facilitate the learning of funetions-{forexample-temhardt.ct al., 1990; Julie 1993a).

Ernest (1989:38) suggests that LOGO. provide,a meaningful context for the introduction
of a variable concept. Beckmann (1999) notes that graphic calculators allow investigation
to function through tables, graphs and equations in ways that were not possible before
their proliferation. Leinhardt et al. (1990) recommends for empirical studies of computers

both as facilitators and as problems for learners.
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2.4 Technology and Mathematics Education

This time is a remarkable time for the community of mathematics education in the light
of technological developments in which numerous issues related to its use and impact
may influence greatly the teaching and learning of mathematics. Advancements in
computer technology have made it possible to carry out sophisticated mathematical
procedures in a user-friendly manner in a more accurate and relatively small amount of
time. To date numerous software packages are available to work with mathematical

concepts.

The use of technology in mathematics instruction has become a focus of various research
projects, seminars, workshops and conferences (See for example, Fey 1989, Dunham and
Dick, 1994; Lum, 1993; Demana et al., 1991). It is often noted that these technological
tools provide a more powerful mathematical problem solving and graphing opportunities
and offer new possibilities in the learning and teaching of mathematics (see Fey, 1989;
Julie, 1993a and Hennessy et al., 2000). Thus, these technological tools can
revolutionalise the existing traditional-mathematies-instruction. Dunham and Dick (1994)
note that mathematics education'is_considering fechnology as a ‘catalysts for change’. In
light of the technological opportunities, it has often been suggested that these tools
greatly influence mathematics |education! |(for| linstance,|[Fey, 1989; Heid, 1997; Julie,
1993a). Technological tools cait facilitate the need for radical evaluation of the content of
school mathematics (Heid, 199%)] Fey (1989)] idtes that these technological tools
challenge mathematical education;in: terms f» (what wesshould teach’, ‘how we should
teach’ and ‘what students can learn’ (emphasis original). Anderson et al. (1990) also
point out that technology affect not only the way mathematics is taught but also what

mathematics is taught and how it is assessed.

2.4.1 The Role of Technology in Mathematics Instruction

Technology can play a prominent role in today’s mathematics instruction. The great
potential of computer technologies in mathematics instruction is increasingly believed to
bring a transformation in mathematics education and has brought new possibilities to the

teaching and learning of mathematics.
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In the beginning, technological tools were greatly advocated for their role in removing
the routine and time consuming computational burdens associated with paper and pencil
performance of algorithms. Later on, however, their development began to include the
manipulations of symbolic and graphic expressions in algebra and calculus, which has

been “quite a surprise” (Fey, 1989) to the mathematics education community.

In an environment where technologies are available there is a shift in the emphasis of
mathematics instructions since the algorithmic computations involved in traditional
mathematics instruction are often lengthy and time-consuming. Most of the class time is
devoted to rote practice of these procedures. But in a technologically rich classroom
environment the instruction can change to concept development and problem solving by
concentrating on the underlying concepts since these tools remove the burden of lengthy
and time-consuming routine work (Lomen et al., 1992:237, Wheatley and Shumway,
1992:7; Branca et al., 1992:7; Fey 1989; Judson, 1993:65). Fey (1989) states that
computer technologies “play a role.in-hélpmg-meve students from concrete thinking
about an idea or a procedurertoythepulttmatety more powerful abstract symbolic
form...(It) plays a role as a kindjof intermediate abstraction” (p.255-256). For instance,
the process of graphing in calgulus ¢an be replaced with graph interpretation (Judson,
1993:65) and students can examine more graphs-more-quickly with a high degree of
accuracy, with minimal inputand effort{ Heanessyset al., 2000). Thus, as Wheatley and
Shumway point out (1992:1), these technologies can transform school mathematics from

a procedurally dominated subject to an exciting body of patterns and relationships.

The fast growing technology and its implications in mathematics education have also
brought the greater acceptance of constructivism theory of learning mathematics.
Technology can enable students to explore relevant mathematical ideas through
constructivist methods (Pugalee, 2001). It serves students as an information resource, a
learning tool or a storage device that can support students to construct their own
mathematical knowledge (Nicaise and Barnes, 1996) and allows students to actively

participate and be responsible for their own learning. Demana et al. (1991:8) point out the
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role of technology in this kind of learning by noting that “if students construct something
on the computer, they correspondingly construct something in their head.” Schoaff
(1993) also points out that in the environment when technologies are available students
might be involved in running experiments, testing conjectures, solving and posing
problems, and exchanging ideas. Thus, the wide spread availability of technologies in

school mathematics may allow students to explore mathematics on their own.

The other role of computer technologies in mathematics instruction is that they offer
students varieties of linked approaches to the same problem situation (Brown, 1991:13;
Von Embese and Yoder, 1998:1; Julie, 1993c:343; Judson, 1993:65; Hennessy et al.,
2001). Julie (1993c:343) states that computer technologies, the graphic calculator, offer
students the opportunity “to experience mathematical ideas and notions in multi-
representational-symbolic, numeric and visual-modes.” He believes that these
technologies have a prominent role in the mathematical practice in such a way that they
“stress a cyclical movement between graphic and symbolic representations.” He depicted

diagrammatically as:

Symboli

Graphic
Fig 2.1 Cyclical model of multiple representations in using graphic calculators

<

Julie asserts, “...this cyclical model is that multi-representational exploration offers
learners opportunity to make sense of mathematical ideas and notions visually and to
develop visually-based strategies to solve problems.” (p.344). Likewise, Fiske (1991:164)
notes that the linkage of symbolic manipulation system with graphic utility permits a
more presentation of the equation solving process. He goes on to say, “students are able

to see the effects of their algebraic actions symbolically and graphically.” (p.164)
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Furthermore, Fiske (1991:164) notes the following with regard to linking symbol

manipulation with graphic representations in the equation solving process.

e Symbols and graphic representations can be used to explore other algebraic
transformations.
e The process of solving equations gains a new meaning within the framework

of symbolic and graphic representation system.

The availability of computer technologies in mathematics instruction also plays a role in
facilitating interactions and cooperative group work among students and teachers (Heid,
1997; Nicaise and Barnes, 1996). Pugalee (2001) points out that, through question and
discourse, technological tools help students explore important algebraic concepts and
make connections that are vital in the development of algebraic understanding. In relation
to this Adams (1997) report that the quality of mathematics instruction improved after
introducing a class a graphic calculator. Adams (1997) points out that the teacher no
longer simply asked questions, but.also-initiated-communication that consisted of non-
question exchanges between theiteacher jand thestudent. Furthermore, Adams notes,

student-to-student discourse incréased when students isedithe graphic calculators.

Moreover, it is worth to note=that-technotogy—can—enaple the entry of mathematical
modelling to the school mathematics reducationytHeid, 1997). It has been argued that
mathematical modelling can, ,become- the, core ~of, mathematical learning. Various
researchers (for instance de Lange, 1993:3; Schoenfeld, 1992:339; Swetz, 1991) hold the

view that problem solving and applications are the heart of mathematics instruction.

Swetz (1991) describes mathematical modelling as “ ...a multistage process that evolves
from the identification and articulation of a problem through its eventual solution in the
original problem situation.” (p.358). He goes on to say that the word model signifies
“something that can be manipulated and that lends itself to experimentation” (p.358).
Since modelling problems often arise from real life situations the availability of

technological tools greatly facilitate its feasibility in school mathematics instruction.
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Often problems involving modelling are not ‘ready made’. For instance, as Branca et al.
(1992:12) note, numbers in real life are messy which can be very large or very small. But
the burden of lengthy and time-consuming procedures associated with problem solving
can be removed by the use of technological tools. Branca et al. (1992:12) point out that
technological tools create the possibility to “ pull timely and relevant problems about

economy and populations from the front pages of the news paper.”

Thus, the use of technological tools can facilitate real life problems which lend
themselves to modelling problems. Swetz (1991) put it: “ mathematical modelling is the
heart of mathematics education reform, and technology is playing a starring role in
placing it there because the facility with technology can generate and manipulate

mathematical models.” (p.358).

Hence, computer technologies can play prominent role in today’s mathematics
instruction. The availability of such tools to school mathematics education might make
possible the teaching and learning of mathematics-through constructivist methods. It can
facilitate group work, interaction; the use of varousylinked approaches to the same
problem situation and the use of theteal world problems; which are relevant to student
experiences. In a nutshell, as Hennessy et dl. (2001)put it {‘more complex mathematics is

potentially becoming more accessible to-the majority of tearners” (p.25).

2.4.2 The Impact of Technelogy-in Mathematics Education

According to Harvey and Osborne (1991:74), one of the major influences of computer
technologies is that “the creation and maintenance of attention to the quality and
character of mathematics taught”. Harvey and Osborne note, “a clear and present danger
or disadvantage of implementing technologies may be that the nature of technologies
used will cause you to change the mathematical emphasis and the goals of your
mathematics or to change the sequence in which the topics are covered.”(p.74). Fey
(1989) asserts that technology influences mathematics education in such a way that it has
an impact on the selection of the content and process goals, organisation of teaching and

learning environments and assessment of achievement. Moreover, due to its influence,
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teachers and students began to cope with changing of content, intended goals and modes
of assessment in which they undergo a shift in their roles in the teaching-learning process
(Heid, 1997; Fey, 1989; Norman and Prichard, 1992:260). In the subsequent sections we
will discus technologies impact on content to be taught, assessment, teacher and student

roles, and the classroom environment in general.

2.4.2.1 Content

According to Norman and Prichard (1991:260), “technology influences mathematical
content by providing students and teachers with great mathematical power for the
embodiment of multiple representations of concepts and performing numerical, graphical

"

and symbolic computations.” They assert that the actual mathematical content is
changing in context with mathematical power available by computer technologies. They
illustrated that topics, for example, probability in statistics, combinatories and discrete
structures are becoming more prevalent in school mathematics education. In line with this
Fetta (1992:30) argues that topics like probability and statistics were more emotional than
intellectual. Fetta further argues, ‘~this eémotional-reaction results in a student being in
attentive and poorly prepared, avoiding the problem by not attending the class, not doing
assigned homework and consequently ot learning the material” (p.30, emphasis added).
Heid (1997) supports this assertion [that technologies ar¢ an ‘amplifier’ extending the
existing curriculum. Heid nofes: it can be a reorganiser; changing the fundamental
nature and arrangement of the |dardculén?” €p.2). "Heid (1997) also points out that the
influence of technology lies intheingdegreejoftrangpateney.and the extent to which they

foster the externalisation of mathematical representations.

The traditional way of teaching and learning of mathematics in schools is often
restructured to use certain mathematical concepts in schools and colleges. The feasibility
of technology for the execution of a wide range of concepts influence the mathematics
curriculum to fundamentally transform school mathematics from a procedurally

dominated subject to study of patterns and relationships (Wheatley and Shumway,
1992:1).
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La Torre (1993:12) notes that technology allows students to move quickly and easily
beyond the usual computational burden and to experience some of the true richness of the
subject. Schlais (1991:280) also points out that the use of technology in mathematics
instruction transform the content from a dead collection of topics to a real ‘application’
course. Arney et al. (1991:99) note that technology allows for a reorganisation of
mathematical concepts within a topic in which more concepts are covered and less

empbhasis is placed on memorisation and manipulative skills.

Computer technologies allow students and teachers to engage in more realistic problems
so that they can solve problems of real life situations (Burill, 1992:15; Fey, 1989; Judson,
1993:65). It has been argued for a long time that mathematics instruction should engage
students in problem solving of real life situations. Judson (1993, 65) points out that
computer technologies enlarged the class of problems that might be assigned. Judson
notes that it is no longer necessary “to use only artificial problems which demand the
tools to be integral” and “to restrict examples to unrealistic problems”(p.65). Students in
pre-calculus instruction, for example;=are—offen—iavolved in the practice of specific
concepts such as studying functions jof lower degree polynomial and special functions
that suit for computational purpeses. Higher| order polynomials and other types of
functions are rarely to be discussed and simply only given by the teacher. Moreover the
sequence of topics covered in the traditional-mathematies mstruction can be examined in
the light of using these technological toelsan;terms;of what students learn and how they
learn to have the advantage of technplogies in mathematics instruction. In sum, the use of
these technological tools can allow students to learn concepts at quite an intuitive level,
more complete and useable process (Schlais, 1991:280), in which it influences to revisit
the content traditionally taught. As Schoen (1991) states, “we must factor the technology

variable into our curriculum planning”(p.10).

2.4.2.2 Educational Goal or Objective

The other impact of technology in mathematics education is that it makes us revise or
examine the goals and objectives of our instructions. In traditional mathematics courses

the goal of mathematics instruction has been dominated by mastery of skills and
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procedures. Schoen (1991:8), for instance, points out that the goal of instruction in
traditional calculus course is symbolic and graphic manipulations. Fiske (1991:164) also
notes that the goal of instruction in traditional method for solving equations in algebra
emphasises symbolic manipulations. Traditional mathematical practice that emphasises
the above activities create a dissatisfaction in mathematics instruction in terms of
students’ achievement and understanding which led to the so called ‘mathematics reform
movements’ of the past decades in which efforts have been made to revisit the goals and
objectives of mathematics teaching and learning in the light of mathematical contents.
Nowadays around the world efforts are underway to improve the quality of mathematics
education. In parallel to these efforts, the readily availability of technologies to school
mathematics has also forced to facilitate the reconsideration of curricular objectives in
every topic that the potential of computer technologies can be explored (Fey, 1989). Fey
notes, “...computer graphic tools can be used to revise the balance between conceptual
and procedural knowledge in mathematics or to create entirely new graphic orientations

of traditional mathematics topics” (p.250).

2.4.2.3 Assessment

Another influence of technologi¢s in mathematics education is in the kind of assessment
and examination given in mathematics where the potential of technology is powerful in
the enhancement of teaching and-problent solving by usifg it. Beckmann et al. (1999)
note that the assessment itémg | praviously used,, jare .no longer appropriate in
technologically rich classroomyenvizonments. "Thestraditional assessment rarely involve
testing students’ understandings based on multiple representations because it has been
dominated by the assessments of testing skills by manipulating symbolic expressions
(Dick, 1992:145). Branca et al. (1992:12) assert that technological tools allow teachers to
assess students’ activities by focusing on relevant educational objectives. For instance,
most assessment items in traditional advanced algebra and pre-calculus, according to
Beckman et al. (1999), can often be obtained by the use of computer technologies. They
assert that concepts such as determining the domain and range, evaluating a function,
determining x when f(x) = g(x) and analysing periodic functions can be completely

understood by the use of technological tools.
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When computer technologies are used teachers can focus more easily on assessing their
students’ growth in conceptual understanding and problem solving activity rather than
merely on procedures. Harvey and Osborne (1991:84) point out that due to the
contribution of the use of technologies to a better conceptual learning, a more extensive
knowledge of applications, development of higher order skills and improved problem
solving performance becomes more accessible for assessment by de-emphasising testing

3

of lower level skills. For instance, Branca et al. (1992:12) assert that “...if the goal of a
unit is for students to develop skill in (story problems) percents, the use of calculators in
assessment can reduce computational errors with decimal operations that are peripheral to
the unit objectives.” Anderson et al. (1999) state that the proficient use of technologies
makes many standard questions unnecessary to test the mathematical skills traditionally
regarded as fundamental. That is, according to Anderson et al. (1999), an examination or
test with access to computer technologies enable students to be assessed more readily on
real-world situations, which may involve mathematical concepts outside his or her
current experiences. Furthermore, Anderseh-et-al.(4.999) point out, “with the emphasis on
routine drill and practice exampies; the futurejof mathematics syllabi can be expected to
have a greater emphasis on cxamples requiring to interpret information or to give
evidence of reasoning used in obtaining an answer |.land|these skills require a change in

the tasks set to assess student achievement™(p:-846):

2.4.2.4 The Mathematics Classroom.Environment

Dick (1992:145) asserts that computer technologies can “fundamentally redefine the
teacher and student environment.” In the presence of technology the lecture format of the
class can become a more formal exploration of concepts by both the teacher and students
(Fetta, 1992:30). The traditional classroom environment, as Fey (1989) characterises it is
“a contest between a teacher and a student in which the challenge to figure out secrets
that the teachers keep hidden.” (p.250). The teacher usually stands in front and is rarely
interested to interact with students on individual basis. However, the use of technological
tools can permit teachers to work with students more likely in an individual way with the

nature of their intended audience switching from students and classmates to the student
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zone (Heid, 1997). Similarly Harvey and Osborne (1991:75) put teachers’ activity as
“...a guide on the side instead of a sage on a stage, that is to work with students more
closely and on an individual basis instead of lecturing to them, at best, engaging in
problem solving with the whole class.” Heid (1997) reports that when using technological
tools “...there was less teacher control of the classroom activities and that teachers were
less likely to function as authoritative experts and more likely to serve as collaborators.”
(p.24). Thus, the use of technologies can change the classroom environment to be more
likely interactive in which students get freedom and opportunity to interact with complex
mathematical objects and facilitates students’ ability to self regulate (Nicaise and Barnes,
1996). Nicaise and Barnes (1996) suggest that technology supports the concept that
learning can be individually guided and can be a reflective activity rather than a mass-
produced and teacher-centred activity. Schoenfled, cited by Heid (1997), reported that:
“By the time the bell to start the class rings three-fourths of the students in class today
have problems on the screen and are working on them. The others (have all logged in and
appear to be waiting for their problems to appear...I’m struck by the fact that the students
have started their work without word.from-the-Substitute teacher who is in charge of the
class today.” (p.24-25). Moreover-theuse ot theseytechnological tools may facilitate
interaction among students themselves. Nicaise and Barnes (1996) note that technologies
allow students ““ to observe and intera¢t with individuals, many of whom have divergent
views and opinions. This interaction-{should}-provide students with opportunities to react

to differing views, challenge othexs beltefsyand reflect theix own ideas” (p.208).

Thus, the availability of technological tools can fundamentally shift the classroom
environment in which the role of students and the teacher changes as compared to that of

traditional instruction. This is discussed below.

2.4.2.4.1 Role of the Student

In technologically rich classroom environments students exhibit a wider variety of roles
(Dunham, 1993:89). Ruthven (1992:100) points out that during the use of technologies in
the mathematics instruction “responsibility is devolved to students that play a more active

part in developing and evaluating mathematical ideas.” Ruthven (1992:100) asserts that
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students not only grasp ideas but also develop their “capacity to tackle novel situations”.
That is, students learn mathematical concepts by their active participation in

mathematical practice.

Students are encouraged to do exploration and experimentation of mathematical ideas
since a more detailed explanation of concepts can be offered due to the relative ease of
simulation and drill and practice exercises can be effectively supplemented with realistic
problems (Fetta, 1992:30). Fetta (1992:30) notes that the use of technologies in
mathematics instruction make students not to depend on a teacher by allowing them to
conjecture, build, test and discover mathematical concepts by their own and able to
evaluate their ideas for themselves. The acceptability of a piece of mathematics is seen to
depend not on the authority of the teacher but on it being consistent with some accepted
wider body of mathematics (Ruthven, 1992:00). In this kind of learning students’ roles in
mathematics instruction can undergo a shift from passive listeners of information to
becoming less didactic, less passive, and do more group work, problem solving,
investigating, symbolising and consulting-with-technology (Dunham, 1993:89). La Torre
(1993:163) puts it: “students are considered as having responsibility for their own

learning of the material and to have a greater stake in the outcomes of that learning.”

2.4.2.4.2 Role of the Teacher

The use of technological toplsmake Fteachers|to” be able to provide activities that
encourage students exploringy conjecturingstesting; discussing and building. (Norman,
1992:260). As compared to traditional paper-pencil way of teaching and learning of
mathematics teachers can have more time to introduce much more problem-solving and
investigative work and to develop their own teaching styles (Shuard, 1992:33) which best
suit their students in particular settings of the classroom environment. Shuard (1992:33)
holds the fact that “teachers become more responsible to children’s ideas work rather
than an instructors who told children how to do mathematics.” Nicaise and Barnes (1996)
hold the same view of changes in roles of students and teachers. They note that the task
of the teacher changes from information providers to problem or task presenters or

scafolders. Similarly Norman (1991:260) and Dunham (1993:90) point out that teachers

31

https://etd.uwc.ac.za/



continue as managers but less often task setters and explainers and become expert at

guiding, questioning, discussing, clarifying and posing mathematical concepts.

In the study of Shuard (1992:35) it is reported that the use of technology allowed teachers
to develop “a style of talking with students about mathematics that was different from the
usual questions-answers evaluation style.” Shuard noted that the teacher no longer
pointed students towards the expected ‘correct answers’ to the teacher’s questions but
instead asked the students to explain their own thinking and become expert in responding
to students’ questions in such a way that the students are valued and supported but
required to do mathematical thinking for themselves. Ruthven (1992:100) gives similar
idea to the above by suggesting that the role of the teacher is mainly “to create
mathematical situation from which important concepts and relations are likely to emerge
and through sensitive intervention to support students in exploring this situation and

clarify their ideas.”

As is discussed in the previous sections-computértechnologies can have great potential in
transforming school mathematigs education by providng conducive environments and
new possibilities. However, the preserce of such technologies is not readily accessible to
schools mathematics education. |Comiputérs ate expensive, they need electricity, and
special rooms needed for their-placement (Julie=1993a;-Rich, 1993:389). In addition,
Graham and Thomas (2000) gote -that-twereasons; often, mentioned by teachers for the
possible under-utilisation or hindrance, of computers are;, *"...their role of confidence in
using technology in teaching, and the lack of resources, both in terms of computers and
relevant, tried and tested software.”(p.268). Ruthven (1992:92) notes that, even if every
class is equipped with a single micro-computer, it is often used predominantly for
demonstration by the teacher and even where direct use by students is encouraged, access
is usually limited under teachers’ role. As a result, Ruthven (1992:92) states, “few

students are able to make spontaneous use of computing facilities.”

The advent of graphic calculators, however, created a new option of using computer

technologies. Hennessy et al. (2001) notes that these powerful little tools offer the same
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opportunities from those of computers in which they are highly personal, portable and
more controllable by students. Using the graphic calculator students can explore all the
mathematical representations in ways that emphasise the connections between various

forms (Von Embese, 1992:92; Laridon, 1993:353).

2.4.3 Graphic Calculators and Mathematics Education

The graphic calculator is not just simply a calculator for algorithmic computations. As it
is described by Von Embese (1991:67), the graphic calculator, for instance the Casio, is
like a computer with a large text screen (See figure 2.2) which can display eight lines of
text, with 96 by 64 pixels, and is easily programmed to perform a variety of mathematical
procedures. Von Embese (1991:67) also points out that the graphical calculator, unlike

computers, has built-in graphing and statistical routines, which are user friendly.

The most important factors for attempting to integrate these technologies to school

mathematics curriculum are:

Their portability (Julie®1993a;Hennessy et'al.5.2001).

e Offer access at relatively affordable|price (Hemessy et al., 2001; Julie, 1993c:
342; Ruthven, 1992:92;-Graham-and-Thomas,-2001).

e Do not require facilitics ¢t highlyspecialised todms (La Torre, 1993:162).

e Can be accessed any time anywhere in all types of environments (Hennessy et
al., 2001; Julie, 1993c:342). Julie (1993c:342) notes that these calculators are
not dependent on electricity and their use is important for disadvantaged
students in non-electrified regions.

Furthermore, graphic calculators, unlike computers, can de-emphasise the dominant use

of technology by males in school mathematics (Smart, 1993:372) and create equality in
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society by doing mathematics (Julie, 1993¢:348). Julie (1993c:343) lists some of the

distinct functions of graphic calculators in such a way that it allows users to:

Enter the defining equation for graphs such as circles in section formats

e Freely select a domain and range of their choice

e Choose scaling factors of their choice

e Zoom in or out of particular regions of interest

e Overlay (superimpose) graphs

e Access any point on a graph and display the coordinates of such a point and

e Shade regions indicatinginequalitics
The above-mentioned functions of the calculator attracted the attention of mathematics
educators and researchers to study the effect of their potential in school mathematics
education. The incorporation of graphic-calculators-in-school mathematics education has
become the focus of numerous [Fesearch studies duentorthe high expectations of their

functions in enhancing the teaching‘and learaing of congepts, particularly the ‘functions’

concept.
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Fig 2.2 The Casio fx-7000GB Graphic Calculator
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2.4.3.1 Studies Related to Graphic Calculators Use

Numerous researchers (for instance, Boers and Jones, 1994; Durmus, 2000; Quesada and
Maxwel, 1994; Rich, 1993; Ruthven, 1992) explored new curricular and instructional
approaches to exploit the capability of graphic calculators in various areas. Most studies
compared the use of graphic calculators with the use of traditional paper-and-pencil by

dealing the same content of a given mathematics topic or concept.

Quesada and Maxwel (1994) studied the effects of using graphic calculators to enhance
college students’ performance in mathematics (pre-calculus). They report that a group of
students who used the graphic calculator had significantly higher scores than those
students who did not use the calculator. However, according to Quesada and Maxwel, the

following factors may have influenced the positive results.

e Students in the experimental groups were aware of their participation in the

experiment

o The final exam may havebeen biased fowardsthe students in the experimental

sections, since it was prepared by one¢ of theteachers.

Quesada and Maxwel (1994) also note that students seem to-become overconfident and/or
bored and did not work congistenfly’ since“college students taking pre-calculus have
previously been exposed to basicpideas-from an algebraie point of view. However, they
point out that some students in the experimental group use graphic approach of solving
problems (which is new to them) not only to confirm the answers obtained algebraically

but also for solving problems before trying to solve it algebraically.

Similar reports have been reported by Alexander (1993), Chandler (1993) and Durmus
(2000) that students using the graphic calculator had significant gains on the overall

achievement scores as compared to those who did not use it.
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In another study, Rich (1993:38) examined the effects of the use of graphic calculators on
the learning of function concepts in pre-calculus. In this study Rich found no evidence for
the overall achievement effect of using graphic calculators in pre-calculus. However,

according to Rich (1993: 391-392):

e There were positive effects on graphing concepts and somewhat negative
effects on paper-and-pencil procedures for finding slope and verifying

trigonometric identities

e Students who are taught pre-calculus using graphing calculators learn that
algebra problems can be solved graphically as well as through algebraic

manipulation, and they often choose graphic approaches

e Students who are taught pre-calculus using a graphing calculator better

understand the connection between an algebraic equation and its graph

o Students who are taught pre-caleulus using aigraphing calculator view graphs
more globally, in that|they better understand the importance of a function’s
domain, intervals where if lincreases| and decreases, its asymptotic behaviour

and its local behaviour.

e Pre-calculus classesy that:are taught using-agnaphing calculator tend to include

more studied exploration and conjecturing

e Teachers, who teach pre-calculus using a graphic calculator, ask more higher

order (application, analysis, evaluation) questions.
In the same line to that of Rich (1993), Pankow (1994) and Hall (1993) found that there
was no significant difference between the mean scores of the students who used the

graphic calculator and those who did not. Hall, however, notes that the study was not

generalisable to other populations due to sample size, unit brevity, lack of randomisation,
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non equivalent classes, teacher concerns, student attitudes, lack of control group

uniformity, lack of supervision and possible out-of-class use of calculators.

My review of the literature failed to find studies, except to that of Giamati (1991), that
reports the use of graphic calculators affected students' performance negatively. Giamati
found that students that used the traditional paper and pencil method were superior in
various aspects of the concept being taught. He notes that students in the traditional paper
and pencil group were superior at sketching functions, understanding translations and

stretches and shrinks, and describing parameter variations.

Besides the achievement studies discussed above, other researchers investigated graphic
calculator use in various dimensions. Boers and Jones (1994) examined students’ use of
graphic calculators under examination conditions. They found that students did not utilise
the calculators under examination conditions. Boers and Jones point out that the main
reasons for the under-utilisation is the lack of mathematical understanding or
mathematical judgement necessary to-enable-them to more backwards and forwards

between algebraic and graphicalrepresentations of problem situation with confidence.
In another study, Dugdale (1993:102) examined visualisation of polynomial functions by
conducting a ‘monomial sums.approach’—in-which-students.were asked to use the graphs

of the monomial functions to predietsthe graph of their-sum. Dugdale (1993:107), then,

concluded that by using technology students;

e Increased their proficiency in relating functions to their graphical

representations.
¢ Increased their relevance on mathematical reasoning.
e Decreased dependence on memorised rules.

Dugdale (1993:107) further illustrated, “the most troublesome idea involved
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in the monomial sums approach was the fact that for x" larger exponents produce smaller
values when 0</x/<1. Students frequently encountered situations that challenged their
persistent notion that, for example, x* is always greater than x°. Repeated encounters
seemed necessary for students to accept that x* is indeed less than x* for certain values of

23

X.

In the same manner, Browning (1991:129) studied the understanding of functions and
their graphs. Browning (1991:129) devises levels of graphical understanding in which,
Browning believes, understanding of functions and their graphs occur in levels. On the
comparisons conducted to high school and college pre-calculus students it was found that
students who have no access to graphing technology have a lower understanding of
functions and their graphs. Browning (1991:131) also notes that the use of technology
“allows for experimentation and examination, not previously possible in a non-
technology based pre-calculus curriculum.” Moreover Browning (1991: 131) note, “the
interaction between students and the computers/graphic calculators provide for an
environment to make the mathematical~connections between a function and its graph,
connections which are necessany-torapprecrate-theuses;and values of graphs in the

mathematics curriculum.”

In another study, Doerr and Zanger{2000)-studied-how-students create mathematical
meaning and how they used the graphic caleulatos te consfruct mathematical meaning out
of particular tasks. They identified five categaories of patterns and modes of calculators
use by the students. They listed the use of calculators by students as: computational tool,
transformational tool, data collection and analysis tool, visualising tool and checking tool.
They also note that the graphic calculator can in certain situations take on more than one
role simultaneously. Thus, Doerr and Zangor concluded that “the graphic calculator is a
rich, multidimensional tool and that the continued study of its use in classroom practice
will need to carefully delineate the patterns and modes of use that occur in any given

context as conclusions are drawn related to student learning.” (p.161).
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2.5 Concerns (Constraints or Issues) Related to Technology Use

Having noted the promising features of technologies in mathematics education, there are
concerns of its use in the teaching and learning of mathematics (Doerr and Zangor, 2000;

Heid, 1997).

Doerr and Zangor (2000) note that the graphic calculator emerged as a constraint and

limitation in two ways.

¢ Students’ attempted uses of the device as a ‘black box’ without attending to

meaningful interpretations of the problem situation.
¢ The personal (or private) use of the tool.

Doerr and Zangor (2000) point out that the use of the calculator as a ‘black box” represent
the class of situations in which students didn’t have a meaningful strategy for the use of
the calculator. The second constraint-of the graphic-calculator as a private tool signifies
the limited visibility of calculator’sscreen to-share among a group of students. Doerr and
Zangor also point out that students frequently used their calculators when the teacher or
other students were talking in lecture. Thus, according to Doerr and Zangor, this personal

use of technology served to bréak-dewn group communications.

Heid (1997) asserts that computer: technoetogies ;weuld simply replace one set of routine
and recipe-like behaviours. Schoen (1991:11), for instance, notes that students may rotely
manipulate graphs and their scale in the same way of manipulating symbols on paper.
Hennessy et al. (2001) hold similar view that it should be determined that what paper and
pencil skills retain their importance with the advent of new technology. Hennessy et al.
(2001) contend that the use of computer technologies ““ can push students on to the

undesirable side of the threshold between scaffolding and dependence.” (p.285).

Smith and Shotsberger (1997) remind us that the use of graphic calculators is not

necessarily beneficial for learning some algebra topics. They suggest “an extensive
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research on the patterns of calculator use both by students and instructors, including long

term benefits or disadvantages of technology for mathematics learning” (p.12).

Along with the pedagogical concerns, the incorporation of technology in mathematics
education may generate a list of concerns. Heid (1997) points out that finance, access and
equity, the nature of teacher preparation and public perception are issues of technology
use in mathematics education. Heid notes, * a feared consequence of the incorporation of
technology is that wealthier schools can acquire more technology than poorer and that
educational gap between the economically advantaged and disadvantaged would

increase” (p.30).

Another concern raised by Heid (1997) is that the adequacy of teacher preparation. Heid
notes the importance for addressing issues of “teachers’ knowledge of mathematics, their
knowledge of technology, their understanding of learning and the nature of mathematical
knowing, and the ways in which they implement technology-intensive curricula” (p.31).

The other issue is a political one. Heid-(1997)-states:."how should be changes brought on
by technology be communicated tospublic; to- mathematicians who are uncommitted to

their use, to parents, to school board members, and to legisiators” (p.31).

2.6 Summary

From the foregoing, it has beeh stressed that computeér,technelogies can have a prominent
role in mathematics education.;r The;- functien gonegept pis one of the concepts in
mathematics that computer technologies can offer a better way of learning than the
traditional approach. Technologies can also change the classroom environment into a
more interactive environment through constructivist methods. Numerous research studies

have been undertaken on this issue.

Concerning the effect of graphic calculators in the mathematical achievement of students
in learning certain concepts of mathematics, various researchers found that the use of
graphic calculators didn't affect students' achievement negatively. The results of these

studies reported that a group of students who used the graphic calculator had significantly
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higher scores than those students who did not use (see for instance Alexander, 1993;
Chandler1993 and Durmus, 2000). Rich (1993:138), Pankow (1994) and Hall (1993),
however, reported that there was no significant difference between the mean scores of the
students who used the graphic calculator and those who did not. However they noted that

there were some positive effects on other dimensions of students' mathematical learning.

In another study Giamati (1991) found that students using the traditional paper and
pencil method were superior at sketching functions, understanding translations and

stretches and shrinks, and describing parameter variations.

Most studies cited above might indicate that the graphic calculator can have a positive
effect on students’ mathematical understanding of certain concepts. In their extensive
reviews of the literature, Dunham and Dick (1994) reported that in most cases the graphic

calculator didn’t affect student achievement negatively.
But in Eritrea it is far too early to_draw-cenclusion-about their effects. The aim of this
study is to investigate the effectsof graphicicalcutators onthe mathematical achievement

of Eritrean grade ten students related to the concepts of quadratic function. The next

chapter deals with the methodology employed in this study.
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Chapter Three

Research Methodology

3.1 Introduction

This chapter discusses the research methodology and methods adopted in the present
study. It describes the research design, the scope and area of the study, the samples and
subjects, and the procedures of the research process. It also points out the background of

the research and the choice of the research approach.

3.2 Paradigms in Research Methods

The ultimate end of any research of study is to describe or explain what is happening in
the real situation. To this end researchers employ different means of studying reality. The
research approaches are the function of our understandings of the objects under study and
the nature of our data. Cohen and Manion (1994) point out that people comprehend the
world around them in different ways—by-imeains—of deductive reasoning, inductive

reasoning, and the combined indugctive=deductive approach!

The basic difference for these reésearch methods stems from their roots for the theory of
knowledge (Epistemology). Babbiecand-Mouton{2001:49hote that quantitative research
method (deductive reasoning) hag jbeen linked 1o positivism; the qualitative research
method (inductive reasoning),to -phenomenology-or interpretivism and participatory
action research (combined inductive-deductive) to critical paradigm in metatheory. They

illustrated this diagrammatically as follows:
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WORLD 3: METATHEORIES OF THE SOCIAL SCIENCES

Positivism Phenomonology Critical Theory

WORLD 2: METHODOLOGICAL PARADIGMS

Quantitative paradigm  Qualitative paradigm Participatory
action paradigm

t

v \J

WORLD 1: SOCIAL PHENOMENA

OUTSIDER INSIDER PARTICIPANT

(Babbie and mouton, 2001:49).

Fig 3.1 Research methods in social science

The fundamental distinction between the researehrmethods often referred is that between
the qualitative and quantitative research methods. These two, research methods differ in a
variety of ways but compliment in many ways (Neuman, 2000:121). He points out that
quantitative researchers emphasise “precisely measuring variables and testing hypotheses
that are linked to general casual explanations" (p.121). By contrast qualitative researchers

emphasise "detailed examinations of cases that arise in the natural flow of social science”

(Neuman, 2000:122).

Epstein (1988:187) notes that these two different research methods differ in terms of their
“ultimate purpose, the logic and research designs they employ, their point of view, type

of language and their theoretical bases.” Neuman (2000: 123) presents the differences
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between quantitative and qualitative research as follows:

Quantitative

Qualitative

Test hypothesis the researcher begins

with

Capture and discover meaning once the

researcher becomes immersed in the data

Concepts are in the form of distinct

Concepts are in the form of themes,

variables motifs, generalisations, taxonomies
Measures are systematically created | Data are in the form of words from
before data collection and are | documents, observations, transcripts
standardised

Theory is largely casual and deductive

Theory can be casual or non casual and is

often inductive

Procedures are standard, and replication

1s assumed

Research procedures are particular, and

replication is very rare

Analysis proceeds by using statistics,
table, or charts and discussing heow they

show relates to hypothesis

Analysis proceeds by extracting themes
or=-generalisations from evidence and

organising/ data to present a coherent,

consistent picture

(Neuman, 2000:123)

Table 3.1 Differences in quantitative and gualitative research methods

Although the differences in the orientations of these two research methods are noted, both
research methods are planful, systematic and empirical (Epstein 1988:190). Epstein

(1988:190) notes, “both methods are equally valid approaches.”

3.3 Choice of the Research Approach

As has been mentioned earlier, the present study investigates the effects of using graphic
calculators in the mathematical achievement of Eritrean grade 10 students related to the
concepts of quadratic function. As far as my present study is concerned the study falls
within quantitative research area. This is because the study involves investigating

whether there is significant effect of a treatment on students' mathematical achievement
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by testing the mean differences in the achievement scores. That is a hypothesis was
designed to answer the research question and the nature of the observations (data) rely on
quantitative measures. In addition dealing with students’ achievement scores on tests is
quantifiable data. Thus, quantitative research method is selected as it aptly suited to

investigate the effects of graphic calculators on students' mathematical achievement.

3.4 Research Design

In this study a quasi-experiment is used to determine the effects of using graphic
calculators on the mathematical achievement of Eritrean grade 10 students. According to
Davis (1995:52) “an experiment is a test of cause-effect relationships by collecting

evidence to demonstrate the effect of one variable on another”.

It is often considered that experiments are well suited to physical sciences that are
conducted in science laboratories. However, social scientists employ experiments to
study the cause-effect relationship of two or more variables in social settings. Babbie and
Mouton (2001:208) note that experiments-are-used-by-social scientists which take place

in a regular course of social events.

In conducting experiments the |most /commonly used technique is to test two or more
groups of subjects, which differinone respect i the treatient given, and the observed
difference in their performanté [ean ‘thenjatiributed o the. different treatment (Davis,
1995:54). Babbie and Mouton (2001:208) alsonotepthat the foremost method of
offsetting the effects of the experiment itself is the use of control group, which help

researchers to detect any effects of the experiment itself.
As it is mentioned in the first chapter the research question of this study is:

Is there any significant effect of using graphic calculators on the mathematical

achievement of Eritrean grade 10 students related to the concepts of quadratic function?
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Hence, a hypothesis is designed to answer the research question. The null hypothesis is:

Ho: There is no significant difference between the overall mean achievement

score of students in the two groups.

The preference of conducting an experiment in this study is then mainly that experiments
are especially appropriate for hypothesis testing (Babbie and Mouton, 2001:208; Davis,
1995:52). Grinnell and Stothers (1988:199) suggest that a research design involve an
experiment in situations when we want “to discover with a reasonable degree of certainty
whether one variable causes another, or less dogmatically, whether one variable is

associated with another.”

In the present study the variables are students’ exposure to the graphic calculators and
achievement scores on tests in which the former is independent variable and the latter are
dependent variables. Thus, this experiment attempts to discover the cause-effect
relationship between the use of graphie—~cateulators and students’ mathematical

achievement related to the concepts of guadratic; funetion:

There are many kinds of experimental designs. Researchers adopt experimental designs
that best suit to the practices oftheirstudy—Fhe-most-common method of investigating
the effects of a treatment (ipdepemdent yauiable)sis the, use of control groups in an
experiment (Babbie and Mouton, 2001:210)., The experimental and control group design
involves the use of two or more groups, which can be constituted by randomisation or
non-randomisation. Cohen and Manion (1994:213) refer a ‘true’ experimental design for
a design that involve experimental and control groups which have been constituted by
randomisation. The aim of random assignment of subjects to the groups is to ensure the

greatest equivalence of groups (Cohen and Manion 1994:213).

Grinnell and Stothers (1988:221) suggest that a true experiment is one which approaches
certainty more closely. They identify four factors involving true experiments:

e Manipulation of independent variables
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e Control over intervening variable
¢ Random sampling

¢ Random assignment or randomisation

(Grinnell and Stothers, 1988:221).

However, most educational studies do not lend themselves to undertake true experiments
(Cohen and Marion, 1994:214). In educational studies the most commonly used
experimental designs are the ‘quasi-experimental® designs or the non-equivalent control
group designs in which the experimental and control groups are not equated by
randomisation. This is because the sampling process involves intact classes rather than

individual subjects.

The present study involves a quasi-experimental-design, which involve two groups of
students, experimental and control gronps; ywhich —have not been constituted by
randomisation. This is because, as mentioned, the random selection of samples involves
sections or classes of students rather than individual students. Thus, the design adopted

can be represented as:

Experimental group: 01 ; S ) 9
Control group : 01 02

Where the letter ‘x’ refers to the independent variable or the treatment given to the
experimental group, and ‘O’ refers to the observations of the dependent variable in which
‘O1” is first set of observations of the dependent variable, and ‘O2’ is the second set of

observations of the dependent variable.

The two groups may not be equivalent since the members were not randomly assigned to

the two groups. However the pre-test will allow us to know in what respects they differ
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(Grinnell and Stothers, 1988:230). If they are comparable, we proceed with the
experiment to conclude that the change in the post-test is attributed to the treatment
effect. The two groups may not be comparable. In this case analysis of covariance might

allow us to compensate for these differences.

The chief advantage of the above quasi-experimental design lies in the isolation of the
experimental variable (Babbie and Mouton, 2001: 225). Another advantage of this design
is that it allow us to involve two groups of subjects if we are not in a position to randomly
assign subjects to either control group or to an experimental group (Grinnell and Stothers,
1988: 229). This is useful in cases if the two groups are already in existence or if there

are some ethical issues involved.

However, this experimental design suffers from potential sample selection biases (Fife-
Schaw, 1995:91). The lack of random assignment may affect the validity of the research
study. The two groups may not be comparable at the very start. Another disadvantage
may be the testing effect of the pre-test-Grinmell-and.Stothers (1988:214) suggest that the
pre-test might have effect on the poststest; Forinstanee; spme people might have higher
score on the post-test because they recall the items on the pre-test, or they might have a

lower score because their experience with the pre-test have made them anxious.

It has been discussed that in therabpve seetionythesdesign; chosen for the research study
was a quasi-experimental design. In the next section we describe the scope of the study
and procedures for selecting samples that are representative of the population from which

they are drawn.

3.5 Scope and Site of the Study

In Eritrea there are six administrative regions (Zobas). The study was conducted in one
of the six Zobas in Zoba Maekel (Central Zone), which includes the city of Asmara the
capital city and the largest urban area in the country. This region has a total population of
538,749 of which 74% of the total population live in the city of Asmara (UN Report,
2001).
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In Zoba Maekel there are 14 public and private secondary schools out of the total 33
schools in the country. Of these 14 secondary schools 11 are located in the city of
Asmara, which are large in size and student population as compared to other secondary
schools in other Zobas. In the 2000 ESECE (Eritrean Secondary Education Certificate
Examination) there were 4642 students from Zoba Maekel out of the total 6924 students
participated in the examination (Ministry of Education, 2001a). That is, 67% of the total

matriculates were from Zoba Maekel.

Having all these I have selected secondary schools in Zoba Macekel as site of the study.
The reason for the selection of this Zoba (region) is that, there are many large secondary
schools and [ live in this area that I can get access to school continuously and with

minimised cost.

3.6 Samples and Subjects

The main purpose of sampling is-te-sélect-a-set-ofsubjects out of the total population
under study. Often the study populationlis large in'sizé/ and is impossible to conduct
researches that involve all subjects i the population. Thus, samples of the population are
examined that are considered ds a repres¢ntative of|the [wider population under study.
Seasberg (1988:240) notes that the idea of sampling is that, “all appropriate subjects or

individuals of the total set willjnotparticipdte anlthie stugy )

In sampling two major methods are frequently used (Cohen and Manion, 1994:99;
Babbie and Mouton, 2001:166). These are probability (random) sampling and non-
probability sampling. As Cohen and Manion (1994:99) point out in probability sampling
every member of the population have equal chance to be selected for a sample. Likewise,
in non-probability sampling every member of the population doesn’t have equal chance
for selection because this kind of sampling definitely includes some members of the
population (Cohen and Manion 1994:99).

In the present study probability sampling (random sampling) is used. The study
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population that Eritrean grade 10 students who have registered to learn in the secondary
schools of Zoba Maekel in the 2001/2002 academic year. Of the 14 secondary schools in
Zoba Maekel two schools, Semaetat Secondary School (SSS) and Barka Secondary
School (BSS) were randomly selected. The main reason for involving two secondary

schools was to minimise the possible interaction effect while conducting the experiment.

Semaetat secondary school was taken as a control group because the teacher (Mr.
Bereket) who was assigned to teach the control group teaches in this school. I was
responsible to teach students from the experimental group. The advantage of teaching the
two groups by different teachers is that it minimises the possible bias that might be

encountered by the teacher in the favour of a particular group.

For purposes of the study three groups (classes from grade 10) of students were randomly
selected from each school. Thus, from the three groups in each school, one group had to

be selected for the study.

Mr. Bereket and I outlined “arygeneralrmuitipierchoice’ mathematics test that was
administered to the six chosen groups; After it was marked by both of us, the Spearman's
rank difference formula was used to find the two mast correlated scores of the groups out
of the six groups. The correlation-coefficient-of group-CofBSS and group A of SSC was
the best, which was 0.83. Thus, thesejtwo jgroupsywere used,as a sample for the purpose

of the data collection.

The chosen group of students from BSS was taken as graphic calculator group
(experimental group) and the group of students from SSS was taken as paper and pencil
group (control group). That is the former group used graphic calculators while learning

the concepts of a quadratic function and the latter were not provided with the graphic

calculators.

Both the graphic calculator group and paper and pencil group were exposed to the same

content on the concepts of quadratic function and achievement test in quadratic functions
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at the pre-test and post-test stages. As is mentioned the aim of the study is to determine
the effects of using graphic calculators on the mathematical achievement of students
related to the concepts of quadratic function. Thus if the scores of the post-test scores of
the two groups are significantly different, it is reasonable to conclude that the effect can

be largely caused by the treatment, that is using the graphic calculators.

BSS SSS

Age | Sex Repeaters Sex Repeater

in grade s in

M | F 10 M |F | gradel0
14 1 - - - -
15 2 1 3 2 -
16 3 1 1 4 |3 3
17 3 |4 1 1 4 1
18 1 2 1 1 1 1
19 1 1 1 1 1 -
Total | 11 |9 |4 5 W R

Table 3.2 profiles of the subjects in/the samples.

3.7 The Measure

The data gathering materials for the study were the scores of students on the pre-test and

post-test on the quadratic functions‘achfevement tests.

The pre-test was administered prior to the experiment to investigate the equivalence of
the groups. And the post-test was given at the end of the experiment. It was hoped that
the two achievement tests would shed some light to the effects of using graphic

calculators in the mathematical achievement.

The pre-test and post-test materials consist of nine questions. These were developed from
related instruments on experiments using graphic calculators (Von Embese and

Olmstead, 1993 and Gillian, 1991). Many of these questions were followed by sub
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questions (see appendix).

Before administering the pre-test and post-test I showed the test materials to my
supervisor, Professor Cyril Julie. He gave me the necessary comments and modifications.
Furthermore, a panel of experts: two mathematics educators and four-experienced
secondary school mathematics teachers examined it after which several improvements

made.

Students from each group were given 50 minutes to complete the pre-test and the post-
test. Each item in the questions were scored one mark for the most correct answer, a
fraction for an attempted answer according to the joint judgement of the teachers and zero
for any thing else. A third person was in charge to correct the papers for cases where

differences between mark of the papers of the two groups.

3.8 Process of Data Collection

In order to present the experiment,.J-was-consideriiig-the idea of involving students in the
study. I discussed it with Mr. Bereket and vice-principals of the schools on how the
lessons be presented. One idea was to force students by school authorities to participate
in the study. This was because it is often said that students did not normally attend extra
classes that did not count to their regular classes. But thinikking that forcing students to
participate in the study did ndt/gwé a/reliable information, it was decided to find some
way to motivate students instead: Joythispend students were told by their respective
mathematics teachers that there would be a mathematics class, which will be helpful for
them, prepare for the coming year ESECE (matric) exam. A book consisting of solutions

to selected problems was also given to students as a motivation.

As has been mentioned the intervention in this study was an exposure of students to using
graphic calculators while learning the concepts of quadratic function. Each student in the

graphic calculator group was provided with Casio fx7000-GB graphic calculators.

Each student in the graphic calculator group received an orientation on how to use the
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functions of the graphic calculator. Often I let students to discover the dynamics of the
graphic calculator by themselves. I observed that students were using their own examples

to see the capability of the calculator in drawing the graphs of functions.

At the beginning of the experiment students in the graphic calculator group were using
the graphic calculators during class time only. However, later on many students were
observed using the graphic calculator for a long time after the ending of the class time.
As a consequence many students strongly insisted me to give the calculator for home use.
There were even some who asked me to get them to buy a new one. Unfortunately there
was no such calculator on sale. By making them sign on their school records I gave them

it to keep till the end of the experiment.

As far as my awareness is concerned students from the paper and pencil group did not
know that other group of students were involved in the same study with an exposure to
graphic calculators. The paper and pencil group learned the concepts of quadratic
function through the traditional method~—That=3s-they were not provided with any
computing and graphing technology:

Before starting teaching the two |groups the concept of quadratic function, Mr. Bereket
and I decided to first outline the learning material-on-fanctions based on students’ prior
knowledge of functions. Thusywe discussed abeut-the development of the lessons, lesson
plan and the overall content. _In the. first lesson we, decided to ask students about their
overall understanding of functions. Then we met frequently to exchange ideas on the

presentation of the topics.

Both the graphic calculator group and the paper and pencil group experienced a three-
week time with the quadratic functions concept during their afternoon shift. During the
three-week project, Mr. Bereket and I conferred frequently so that the activities and
contents should be closely the same, at least in the form of examples and exercises. To
preserve his natural style of teaching, I did not provide Mr. Bereket with specific

guidelines for teaching the concepts of quadratic function to the paper and pencil group.
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LITERATURE REVIEW
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Figure 3.1 Flow chart of the research process
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3.9 Research Familiarisation Session

One week before the start of the experiment I considered the idea of doing a study on
students’ use of graphic calculators, how students familiarise themselves with the
functions of the graphic calculator, the way of dealing the concept of functions and the

process of sampling.

I selected two groups of students (one from morning shift and the other from the
afternoon shift) from Adi-Ugri Secondary School whom I taught the concept of
functions. This school is located at the town of Mendefera, Zoba Debub (Southern
Region). At the beginning I guided students on how to use the functions of the graphic
calculator. The lessons continued for three days. I kept a record of students' involvement

in the study, the environment created and the ways students use the graphic calculator.

During this exercise, I learned a lot on how to present the functions concept, the way of
involving students with the calculators, way of dealing with the two groups, and the
process of sampling, all of which-gave me-a-solid-experience which played a valuable
role in the main study which followed." As is menfioned, the two groups of students

involved in this session were from Zaoba Debub which is different from the study area.

3.10 Method of Data Presentation-and-Analysis

3.10.1 Data Presentation

Before conducting the experimient thé pre-test was administéred to the students in the two
groups. Mr. Bereket and I corrected it. First I corrected the papers of the first group and I
gave it to Mr. Bereket. The papers of the second group were also first corrected by
Mr.Bereket and then by me. For different way of corrections it was decided to involve an

external examiner. Fortunately there was no significant disagreement on the corrections

made by both of us.

After conducting the experiment the post-test was also administered. There was the same

procedure to correct the post-test.
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Thus the data are presented in the form of raw scores of students’ achievement on the

concepts of quadratic function at the pre-test and post-test stages.

3.10.2 Method of Data Analysis

To analyse the collected data based on students’ achievement scores I used the Student’s t
test for independent groups to determine whether there is significant difference between
the overall mean score of the graphic calculator group and the paper and pencil group.

The difference between the mean score in gender between the two groups was also tested.

In the foregoing the research approach and methodology of the present study have been

discussed. The next chapter examines the data presentation and analysis of the data.
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Chapter Four

Data Presentation, Analysis and Discussion

4.1 Introduction

This chapter provides the data presentation, analysis and discussion of the present study.
As has been mentioned in chapter three the study adopted a quasi-experimental design as
a research approach. A pre-experimental test and a post-experimental test were
administered to two groups of students before and after the experiment respectively. The
achievement scores of the two tests were the measurement for this study. Thus, the
collected data using the two tests served as a basis from which I could explore my
research question. A Student's t test was used to investigate whether there was significant

difference between the overall mean scores of the two groups of students.

4.2 Overview of the Study

The present study sought to ifivestigate the effect-of-using graphic calculators in the
mathematical achievement of Erifrean_grade 10 students related to the concepts of
quadratic function. Mathematical content| on| quadratic | functions was developed to
involve students in the study.|A pre-test and a post-test versions consisting of nine
questions were conducted to two groups: graphic calculator group and paper and pencil
group. The graphic calculator-group was tdught the concepts of quadratic function with
the use of graphic calculators! The paper-and’ pencil‘ group’ of students were taught the

same content in paper and pencil format.

Participants of the study were 41 grade 10 Eritrean secondary school students randomly
selected from two urban secondary schools. There were 20 students in the graphic
calculator group and 21 in the paper and pencil group. The main hypothesis tested was
that there is no significant difference in the overall mean scores of students in the graphic
calculator group and paper and pencil group. The significance in the achievement of the

two groups was tested statistically.
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Initially at the start of the experiment I asked students from the graphic calculator group
if they have used a graphic calculator before. They responded that they had never used
such a calculator. They went on to say that it was their first time to see a calculator with
graphing capabilities. Thus the use of graphic calculator was a new experience to this
group of students. I also assumed that the paper and pencil group of students had the
same response since the two secondary schools are in the same city and have the same
status in relation to the background of the students. As far as my awareness is concerned

there were no graphic calculators available for sale in the stores.

Many students in the graphic calculator group seemed to enjoy working with the graphic
calculators. They were giving their full attention to graphs they constructed with the
calculator and paper and pencil. I observed that initially students were busy checking the
graphs obtained by the graphic calculator and the graphs obtained in paper and pencil
format. They were active in discussions about the graphs produced using the graphic
calculator, which was mostly in group of three. However, very soon they seemed to be
gaining confidence in producing graphs-wath-{lic-ealculators. When asked to draw the
graph of a function many students werejobserved tocopy the graph obtained in the

graphic calculators directly to their exercise book.

Throughout the classroom disetissions-the use of home tanguage was also encouraged.

This was because often the EnglishJanguage sbecomes a barrier to express their view

clearly.

The teaching approach was more of facilitating students’ learning by using the graphic
calculators. This was because I have observed students concentrating on the calculators

and discussions with their peers rather than the usual teacher centred concentration.
In the paper and pencil group the same content and method of teaching was followed. To
follow more or less the same method of teaching the teacher of the paper and pencil

group of students and I conferred frequently to follow the same style in teaching and

informed each other what was happening in the two groups concerning the teaching
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method and activities given. The following sections provide the data presentation of the

present study.

4.3 Data Presentation

4.3.1 Pre-test

The following table presents the achievement scores of students in the graphic calculator

group and paper and pencil group for pre-test.

Student number | Graphic calculator group | Paper and pencil group
1 3 1

2 2.9 5

3 0 2
4 3 6.5
5 2 3
6 3 4
ki 4.5 5.5
8 1 2
9 4— 5
10 4.5 2
11 5 2
12 1 335
13 1l 1
14 = i
15 4 4
16 N 1
17 2 0
18 7 6.5
19 4 -
20 3 1
21 1

Table 4.1 Pre-test achievement scores of graphic calculator and paper and pencil

group of students

As can be seen from table 4.1 for the graphic calculator group the achievement scores
ranged from 0 to7 in which the mean was 3.13 and the standard deviation was 1.60. For

the paper and pencil group the scores ranged from 0 to 6.5. Their mean achievement
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score was 3.05 and their standard deviation was 2.02. The mean and standard deviation of

the two groups in relation to gender appears in the table below:

Population | Mean | Standard deviation
Graphic calculator | Total 3.125 | 1.60

Female 3.06 1.38

Male 3.18 1.82
Paper and pencil Total 3.05 2.02

Female 5 2.24

Male 5.1 1.87

Table 4.2 Mean and standard deviation of the pre-test of the graphic calculator
group and paper and pencil group

It can be seen from the table that the overall mean achievement scores of the pre-test for
the paper and pencil and graphic calculator groups seems close while the mean score of
females in the paper and pencil group is low as compared to the females in the graphic
calculator group. The overall data on the achigvement score of the two groups can be put
graphically as follows. The graph-prevides the pereentagesof students who scored less

than or equal a given score.
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Fig. 4.1: graphical presentation of the percentage of students less
or equal to the given score

percentage of students
scored less or equal to
below the given score

I I |

0 2 4 6 38

achievement scores

In the above figure the achievement scores of the two grotips indicate that the percentage
of students who scored less than the mean (3.125) in the graphic calculator group is 55%
and in the paper and pencil group 52% of! the students scored less than their mean. The
two graphs seem to go closely in the same pattern as the percentage of students who
scored less than a given score inereases. However the ‘comparability of the two groups is

tested statistically in the later seetion"ofithis chapter.

4.3.2 Post-test

As indicated earlier, for the purposes of the study a post-test study was administered for
the basis of comparing the performances of the two groups in the achievement test. Table
4.3 reports the achievement scores of the two groups at the post experimental stage on the

given quadratic functions achievement test.
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Student number | Graphic calculator | Paper and pencil
1 13 3.5
2 12.5 15

3 7D 13
4 15 13.5
5 6.5 7

6 13.5 13.5
7 15.5 8.5
8 11 6.5
9 14 8.5
10 5.5 11
11 3.3 7

12 5 6.5
13 14.5 5.5
14

15

16

17

18

19

20

21

Table 4.3 Achievement scores:

group.

In the post experimental test[tl\ :ic{ui;yimcn{. iCQire for. the graphic calculator group

ranged from 3.5 to 16 in Wthh the mean was 11.9 and th:sr Lstandard deviation was 4.15.
For the paper and pencil group ]th: ;chlei$nti'§égre ranged from 3.5 to 18. Their
overall mean was 9.14 and standard deviation 3.84. At the post-test stage females had
better mean scores than males in both groups. The following table presents the overall

mean and standard deviation of the post-test scores of the two groups with respect to

gender:
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Group Population | Mean | Standard deviation

Graphic calculator | Total 11.9 415 |
Female 12.19 | 4.1
Male 11.71 | 434

Paper and pencil Total 9.14 3.84 |
Female 941 [3.92 '
Male 8.85 3.95

Table 4.4 Mean and standard deviation of post-test scores of the graphic calculator

group and paper and pencil group

At this post experimental stage the overall mean of the two groups seemed to differ. The

mean of the graphic calculator group was 11.9 as compared to that of 9.14 of the paper

and pencil group. The significance in their difference will be tested statistically. Since the

post-test was conducted after dealing with the concepts of quadratic function it was

expected that students of both groups score more on this test. To present more on the

difference on the achievement scores of the two groups a graphical representation of the

percentage of students
less or equal to the given
score
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As can be seen from the graph 90% of the students in the paper and pencil group scored
less than or equal to 14 while in the graphic calculator group 60% of the students scored
less than or equal to 14. The percentage of students in the graphic calculator groups who
scored less than or equal to their mean was approximately 62% and in the graphic

calculator group the percentage of students who scored less or equal to their mean was

40%.

4.4 Analysis and Discussion

The main objective of this study was to test the null hypothesis that the mathematical
achievement between students using the graphic calculator and those using only paper
and pencil is not significantly different. Thus, a t test was employed to test whether the
overall mean scores between the graphic calculator group and paper and pencil group
were not statistically different. The level of significance which was accepted as sufficient
to reject the null hypothesis was_0.05, - which-is-eémmonly used in two-tailed tests. The

formula for calculating the t valug'for independent samples|is:

. Xoc - Xpp
[(Nl—1>Sf+(N2—1)S:][ 1TV by
Nt+N, =2 A

Where: Xgc stands for mean of the graphic calculator group of students and Xpp for the
mean of paper and pencil group of students; N; and N, stand for sample size of the two

groups and S,” and S, for their variances respectively.

4.4.1 Pre-test

The calculated t value of the pre-test (t=0.131) is less than the tabulated value of t
(t=2.02) with 39 degrees of freedom at 0.05 level of significance. Thus, there was no

significant difference between the overall mean scores of the graphic calculator group
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and the paper and pencil group of students as measured by the given pre-test on the the
concepts of quadratic function. Hence, we conclude that the two groups of students were
comparable at the pre-test stage. Table 4.5 summarises the result of the t- test using the

formula presented.

Group Mean | Standard Calculated t | Tabulated t at 0.05 and 39
deviation degrees of freedom

Graphic calculator | 3.05 1.60 0.131 2.02

Paper and pencil 3.125 |2.02

Table 4.5 Calculated and tabulated values of t, standard deviation, and mean for the

pre-test.

4.4.2 Post-test

At the post-test stage the calculated value of the t (t=2.21) is greater than the tabulated
value of t (t=2.02, with 39 degrees of freedom) at 0.05 level of significance. Thus, there
was a significant difference between-the overall'mean-8core of the graphic calculator
group and the paper and pencil_group of sfudents for fhe given concepts of quadratic
function as measured by the post-test when the|two groups were compared. Since the two
groups were statistically comparable @t the [start of the expgriment, the difference between
the two groups is attributed by the treatment using the graphic calculators in the graphic
calculator group. It is assumed “that ‘the effects” of other' variables and environmental

effects are additive in nature. Table 4.6 summarises-the mean, standard deviation and the

t values of the post-test.

Group Mean | Standard Calculated t | Tabulated t at 0.05 and 39
deviation degrees of freedom

Graphic calculator | 11.9 4.15 221 2.02

Paper and pencil 9.14 3.84

Table 4.6 Calculated and tabulated values of t, standard deviation, and mean for the

post-test.
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A significant difference in achievement was found from the pre-test to the post-test in all
groups. However, this result was anticipated since both the graphic calculator group and
paper and pencil group of students didn't have much knowledge in the concepts of

function and were not expected to score well on the pre-test.

The graphic calculator group and the paper and pencil group were significantly different
in their mathematical achievement related to the concepts of quadratic function. The
difference among gender of the two groups was also checked as the next step. Therefore,
t tests were conducted in relation to gender. Another set of hypotheses was presented in a
null form to allow comparisons between students of the two groups with regard to

gender. Table 4.7 summarises the hypotheses to be tested in relation to gender.

Hypotheses Groups Compared

Hypothesis 1 | Comparison between females in graphic calculator group and paper and

pencil group

Hypothesis 2 | Comparison between-males-i-gaphic_calculator group and paper and

pencil group

Hypothesis 3 | Comparison between females and males in graphic calculator group

Table 4.7 Gender-related hypotheses

A Student’s t test, at 0.05 level ofisignificdiice, Wwas'€mployed to test the difference in the
in the achievement of the meanjscores groups companed; The following analysis was
made specifically to the three gender-related hypotheses given above at the pre-test and

post-test stages.

1. There was no significant difference in mean scores of the achievement between
females of the graphic calculator group and paper and pencil group as measured by
the quadratic functions test at the pre-test and post-test stages.

2. There was no significant difference in mean scores of the achievement between males
of the graphic calculator group and paper and pencil group of students as measured by

the quadratic functions test at the pre-test and post-test stages.
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3. There was no significant difference in achievement among females and males of the
graphic calculator group as measured by the quadratic functions test at the pre-test

and post-test stages.

The results of the test statistic and the tabulated value of are presented in the following

table.

Hypothesis 1 Hypothesis 2 Hypothesis 3
Pre-test Post-test | Pre-test | Post-test | Pre-test | Post-test
t calculated 0.031 1.136 0.099 1.8798 | 0.033 0.435
t tabulated 1.734 1.734 1729 1.729 1.734 1.734

Table 4.8 Calculated and tabulated values of t for the gender related hypotheses

4.5 Limitations

In this study no attempt is made to analyse the effects of graphic calculators on students
mathematical achievement with:r€gard-to their ecefiomic;-social, cultural and historical

backgrounds.

The duration of the study was short and scope of the study was limited to the concepts of
quadratic function. Perhaps if the study has been extended over much longer period and
greater coverage on the content'much ‘mere-accuraté picturés of information would have

been obtained.

The small sample size (20 in graphic calculator group and 21 in paper and pencil group of
students) in this study is a limitation. Obtaining a statistical significance with a small
sample size is difficult. Due to small sample size (classroom size) and modest test of

reliability the statistical power of this comparison was not great.
There are also other limitations such as lack of randomisation, non-equivalent classes,

lack of supervision, lack of teaching approach uniformity.
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There were some problems associated to the study that have been encountered during the
course of the experiment. There was also a shortage of classroom which were booked by
other subject teachers for the paper and pencil group of students. Consequently, some
times the teacher of the paper and pencil group of students was forced to give more than
one lesson on Saturdays. This was because his timetable of his regular schoolwork
sometimes clashed with the free time of the tutorial room, where the teaching was

conducted.

Some problems were also highlighted during this study:

e Some students, especially in the paper and pencil group were absent.

e Some of the students in the graphic calculator group sometimes forgot to bring the

calculator.

4.6 Additional Observations

Although it was not of interest of the-presént study,-theinfluence of graphic calculators in
the mathematics classroom on‘-metivationand attitude of students must not be
overlooked. I made some observations, which T thought to be important about the
attitudes and motivation of the graphi¢ calculator group of students during the course of
the experiment. They are not‘part-of the formal study, but:reflect my impressions that

were obtained by observing students' behavionr.

The participants of the graphic calculator group were not volunteers, nor they were
selected because of their interest in using graphic calculators. They represented a
population of students usually registered for the 2001/2002 academic year in an urban
secondary school in Eritrea. Consequently, I informally interviewed 5 students from the

graphic calculator group at the end of the experiment.
Many students in the graphic calculator group seemed to enjoy learning with the graphic

calculator and were often engaged in discussions among themselves. Observations of the

class time and video recording (one hour) revealed that the way students use the graphic
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calculator was interactive in nature. At the start of each lesson students spend some time
individually with the graphic calculator when they are presented with classroom
activities. However, later on, they would gradually start to discuss with their peers,

during which the classroom became a place for discussions and explorations.

Most of the time the discussions were carried out in groups of three. There were frequent
occasions that two students help each other in exploring the concepts from the problems
given. The seating position of the students was in groups where three students shared one
desk. What impressed me was the students themselves took the initiative for discussions
of mathematical problems and the use of the functions of the calculator. By interfering in
the discussions I came to learn that the graphic calculator was a key tool in facilitating
discussions for the exploration of mathematical concepts. I have observed that a great
proportion of the students seemed engaged in active work with the calculator. What was
frequently happening was that students went back and forth to the calculator and group
discussions. They were eager and ready to share new concepts or skills on the calculator

to their groups.

When the students were asked about their overall experience of learning mathematics
using graphic calculators they responded that,| when jusing graphic calculator they were
more motivated to learn. They-mentioned that-their-attitude and motivation towards the
learning of mathematics was great: Oneof the tespendents, Rufael, said, "The use of the
calculator impressed me ... the way. [ do mathematics with the calculator made me to
learn with full motivation. For instance when I used the calculator I sometimes do my
own equations [examples] on the calculator. Then unknowingly [gradually] I came to
engage in mathematics." Another student, Liya, stated: "Graphs were very hard
[problematic] to me. For me it was difficult and boring. But using the graphic calculators
we (students in the classroom) were engaged in searching answers to the problems given
by the teacher with full concentration. If we do not succeed in producing correct graphs
we often retry it immediately.” She went on to say, " Previously (using paper and pencil)
if we graph it on the wrong way we were forced to graph it on separate sheet of paper,

which is tiresome. But now we can automatically retry it on the calculator. This way we
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were encouraged to learn motivately. Consequently my desire [attitude] to learn
mathematics was great." Regarding her experience of using the graphic calculator Lidya
stated: " In this [using the graphic calculators] it is hard to make yourself out of the
classroom discussion. This is because everybody was busy doing something with the
calculators. Everybody was engaged in discussions and his own activities." She went on
to say that, " This makes us follow the instruction attentively." Another student, Biruck,
also stated: "Previously we were learning just to complete a set of tasks [mathematical

contents or problems], but here the learning went on according to our understanding"

The students, whom I had asked, noted that they were engaged in active mathematics
with the calculator individually and in groups. From my observation and the video
recording, none of the students seemed idle in the classroom. Whenever the students
finished their activities given by the teacher they were observed repeating their work
even if it was confirmed by the teacher as correct and some of them tried more examples

of their own.

An interesting issue from my observations and students' nesponses was that most of the
students enjoyed working in groups. All of the students; whom I had informally asked,
noted that they loved working in groups. All of them felt impressed and liked to learn that
way. My diary and video recording revealed-that-afterspending some time individually
with the calculator, most ofythe,students»wereyobserved to interact with each other.
Sometimes those students who, were fast in,producing answers and had relatively good
competence with the calculator often asked their peers if they too also produced similar
answers. They often asked students around their seats and were ready to offer help or

comment while their peers were working on the calculator.

Those students who got stuck preferred to ask their peers rather than the teacher. I noticed
that the students were often asking the teacher when moving near their seats. They were
often observed to asking questions that were beyond their groups' ability. By the end of
the experiment I came to identify some students who often facilitate group discussions

and were competent in using the graphic calculators.
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Comments from the students indicated that the graphic calculators promoted the habit of
working in groups. Lidya stated, " Our attitude to learn mathematics was positive
specially when we work co-operatively. Our motivation and desire to learn was uplifted.
For instance, when we argue or give each other's comment about the problems we
became more attracted to learn. And Rufael said the following: "When discussing in
groups we often comment to each other. We say, this is the better way', 'veah, that
sounds good', ' I have got his, and yours?' and 'what about this one?' Thus we enjoyed
[working in groups] and learned a lot from this. For instance when we talk about graphs
we discuss whether it looks upward or downward, its co-ordinates on the x-axis and y-
axis on the graphic calculator." Another student, Liya, also noted that the graphic
calculators promoted to work co-operatively after confronting the problems individually.
She said that, "When we work using the calculators we work attentively. We ask each
other 'have you got the answer?' 'No. Look, it is like this." 'Let me show you mine" All of

the students whom I asked had similar comment.

An interesting thing that follows_from-the-expeiiment was that the students developed
new friendships. Frehiwot saidj ¥ wepdeveloped strong friendships and get acquainted
each other more than before". The friendships and the sense of working in groups became

well-organised clusters of groups that werel efficient in peer learning/teaching.

The students also commented onrhiop; mathematics shouldrhe taught. They hold the view
that mathematics should be, tapght- by discussions and explorations. The graphic
calculator had centrality in many aspects of the students' involvement in discussions and

explorations.

When the students were asked how the teaching approach was they stressed relationship
they had with the teacher. They noted that their relationship with the teacher was
different from what they had experienced before. They mentioned that the way they learn
with the graphic calculators was centred in explorations and discussions, and getting
individual assistance from the teacher when confronting with problems. Biruck stated,

"we rarely [previous experience] ask our teacher, but now when we used the graphic
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calculators we don't feel shy to ask what we feel." Another student, Rufael, said,
"Previously we don't interact much with our teacher. We had a gap with the teacher. But
here [during the experiment] the situation was friendly [co-operative]. We individually
could ask help and get assistance. The teacher was, most of the time, available for
individual assistance." Rufael further noted, " We normally don't ask our teacher any
questions that we feel. But now since we worked on our own with the calculator we were
encouraged to struggle with questions in our mind. In this process we feel at ease to ask
the teacher." Lidya and Frehiwot also had similar comment that when they got stuck

while working with the problems they could ask the teacher individually.

One of the respondents mentioned that the graphic calculator was helpful outside of the
experimental class use. She used the calculator for other mathematical concepts taught in
her regular class time. However she mentioned her concern on calculator use during
examinations. She noted that any kind of computing tools are not allowed in

examinations.

4.7 Summary of the Findings

The mean scores on achievement of the pre-test and past-test of the graphic calculator
group and paper and pencil group were analysed statistically. The difference in mean
scores on the achievement tests of the graphic calcutator group and paper and pencil

group on the pre-test and post-test were'tested for signifiéance by a two tailed t-test. The

findings are summarised below.

1. On the pre-test, no statistically significant difference, at 0.05 level of significance,
was found between the graphic calculator group and paper and pencil group.
These findings indicate that the two groups were comparable at the start of the
experiment. Thus any difference between the two groups at the post experimental
stage is thought to be attributed to the exposure of students to the graphic

calculators.

73

https://etd.uwc.ac.za/



2. At the post-test stage, there was a significant difference between the overall mean
achievement of the graphic calculator and the paper and pencil group of students.
Thus the findings revealed that after the experiment the graphic calculator group
of students obtained higher mean scores than the paper and pencil group of

students.

3. Furthermore, there was no significant effect for gender. There was no significant

difference between males and females between and within the two groups.

In sum the findings of this study suggest that the use of graphic calculators had positive
impact on the mathematical achievement of Eritrean grade 10 students related to the
concepts of quadratic function. Based up on the data and its analysis discussed in this
chapter the research question 'Is there any significant effect of using graphic calculators
on the mathematical achievement of Eritrean grade 10 students related to the concepts of
quadratic function?' was answered. The results show that students in the graphic
calculator group scored significantly-beiter-thai-the.students in the paper and pencil
group as measured by the tests|given inithe concepts of quadratic function. However it
should be noted that the studentsin the two eroups scored| low marks in the achievement

tests.
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Chapter Five

Conclusions and Recommendations

5.1 Overview

One of the main goals of research mathematics education is to improve the teaching and
learning of mathematics. There have been enormous efforts and initiatives worldwide that
aim at finding better ways of teaching and learning mathematics. The field has become a
scientific discipline that has now numerous research areas on issues related to the
teaching and learning of mathematics. At this stage where, for instance, our society is
growing rapidly and undergoing complex transformations, the community of
mathematics education is actively engaging in studies on various dimensions of

mathematics learning.

One of the issues is the arrival of computers and calculators in schools. The central
concern of this study was to-investigate the effect-of the graphic calculators on the
mathematical achievement of Eritrean grade 10 students related to the concepts of

quadratic function.

In pursuance of this concern the study tested the significant differences on the mean
scores of two groups of students,“one taught’usihg'the graphic calculator and the other

through paper and pencil, in quadratie funétions‘test.

5.2. Conclusion

There have been extensive studies on the impact of technological tools on students’
mathematical learning (see for example Dunham and Dick, 1994; Ruthven, 1992; Rich,
1993). Most of the studies revealed that technological tools, such as computers and
advanced calculators, have positive effect on students’ mathematical understanding of

certain concepts.
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Advancements in computer technologies have made it possible to carry out sophisticated
mathematical manipulations in a user-friendly manner in a much more accurate and
relatively small amount of time. It is often noted that these technological tools provide for
more powerful mathematical problem solving and graphing opportunities and offer new

possibilities in the learning and teaching of mathematics (see Fey, 1989; Julie 1993a;

Heid, 1997)

Reviewing literatures that are related to the present study, i.e. the use of graphic
calculators, most findings reveal that the graphic calculator does not affect students’

mathematical achievement negatively.

Quesada and Maxwell (1994) note that the use of graphic calculators enhanced college
students’ performance in pre-calculus. They report that a group of students who used the
graphic calculator had significantly higher scores than those students who did not use
graphic calculators Other studies by Alexander (1993) Chandler (1993) and Durmus
(2000) have also documented that-—studefits--whe-used the graphic calculator had

significant gains on the overall achievementiascomparcdito those who did not use them.

In another study Rich (1993:38), however,|found no evidence for the overall achievement
effect of using graphic calculaterssm=pre=calculus—Simifar]y Pankow (1994) and Hall
(1993) also found that there was no pignificant differenge between the mean scores of the
students who used the graphig calculator;and thosg who, did not. However, these studies
note that there were some positive effects on other dimensions of mathematical learning.
For instance Rich (1993:38) notes that there was a positive effect in terms of graphic
concepts, use of multiple representations for solving algebra problems, understanding of

graphs more globally, and exploration and conjecturing.
Giamati (1991) studied the effect of graphic Calculator use on students’ understanding of
variations on a family of equations and the transformations of their graphs. Giamati’s

findings show that students using the traditional; paper and pencil method were superior

at sketching functions, understanding translations and stretches and shrinks, and
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describing parameter variations. Giamati notes that students with poorly and partially
formed conceptual links between graphs and equations were cognitively distracted by
also having to learn how to use the graphing utility. However, Giamati points out that the
unfamiliarity with certain characteristics of the calculator might have affected its

effectiveness as an instructional tool and, initially, students’ achievement.

The present study investigated the effect of using graphic calculators in the mathematical
achievement of Eritrean grade 10 students related to the concepts of quadratic function as
measured by the pre-test and post-test in the quadratic functions test. The finding of this
study reports similar findings to those Quesada and Maxwell (1994), Alexander (1994),
and Chandler (1993). These studies that found the graphic calculator had positive effect
on student mathematical achievement in learning certain concepts of mathematics. The
findings of this study show that students who used the graphic calculator significantly
gained better scores than those who did not use it in learning the functions concept. Thus,
it is concluded that the use of graphic calculators has positive effect on the mathematical

achievement of urban Eritrean secondary school students related to quadratic functions.

When comparing groups of students related to jgender, the present study show that there
was no significant difference among | females| and males|of the two groups. Moreover
there was no significant difference-among-the-same-gender. in both groups. Hence it is
concluded that there was no evidence forthe effeet of wsing graphic calculators in the

mathematical achievement of Eritrean-grade 10,students with respect to gender.

As has been mentioned in the previous chapter, though it was not the main aim of the
study, the involvement of students in the mathematics instruction when using the graphic
calculators must not be overlooked. The class time observations revealed that students

exhibited a wide range of roles.

With regard to examining students' use of the graphic calculator certain mathematical
concepts many studies reveal that the graphic calculator was a useful tool in concept

understanding in terms of various dimensions of students’ mathematical learning.
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Dugdale (1993:102) reported that students increased their proficiency in relating
functions to their graphical representations, increased their relevance on mathematical
reasoning and decreased dependence on memorized rules. Browning (1991:131) points
out that graphic calculators allow students for experimentation and examination of
concepts that are not possible in traditional curricula and the interaction between students
and the graphic calculator provide an environment to make the mathematical connections

between the function and its graph.

In another study Ruthven (1992:100) points out that during the use of graphic calculators
in mathematics instruction “responsibility is devolved to students that they play a more
active part in developing and evaluating mathematical ideas. He asserts that students not

only grasp ideas but also develop “their capacity to tackle novel situations™ (P.100).

This study confirms the above review that students change their roles when using graphic
calculators. Dunham (1993: 89) points out that during the use of graphic calculators
students’ roles in mathematics instruction-caii-undergo.a shift from passive listeners to
becoming less didactive, less|passive and do make group work, problem solving,
investigating, symbolizing and consulting with technology. Comments from the students
indicated that the graphic calculator promoted this habit of working in groups. I observed
that students were engaging incinteractions-among-themselves and the calculator. Most of
the time, I observed that afterjspending sometime indiyidyally with the calculator, most
of the students were observed;to interaet;with €ach-ethers [FThose students who were fast
in producing answers and had relatively good competence on the calculator were
observed to ask their peers if they also obtain similar answers. They often asked students
around their seats and were ready to offer help or comment while their peers were still
working with the calculator. This confirms an assertion made by Nicaise and Barnes
(1996) that technological tools allow students ““ to observe and interact with individuals
many of whom have divergent views and opinions.” According to Nicaise and Barnes
students’ interaction “ provide students with opportunities to react to differing views,

challenge other beliefs, and reflect their own ideas.” (p.208).
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The relationship between the teacher and the student was changed. The students, whom I
interviewed, noted that their relationship with the teacher was different from what they
have experienced before. They responded that they feel at ease to interact or ask
questions during the course of the experiment. They indicated they were getting
individual assistance from the teacher and were involved freely in classroom discussions
and explorations with their peers. This may be due to the change of the roles of the
student and teacher when using technological tools (see Norman, 1992:260; Shuard,
1992:33; Dunham, 1993:90; Ruthven, 1992:100; Heid, 1997)). Heid (1997) reported that
when using technological tools “there was less teacher control of the classroom activities
and that teachers were less likely to function as authoritative experts and more likely
serve as collaborators”. Thus, the use of graphic calculators change the classroom
environment to be more likely interactive in which students get freedom and opportunity
to interact with complex mathematical objects and facilitates students’ ability to self
regulate (Nicaise and Barnes, 1996). Thus, it can be concluded that the use of graphic

calculators can have promising potential to the learning and teaching of mathematics.

Finally, with regard to this study theconclusion may beldrawn that the use of graphic
calculators has positive effect[on stedents® mathematical achievement related to the
concepts of quadratic function. Moreayer, the use of graphic calculator offered enormous
potential in the learning and i¢aching-of mathematics=in-terms of students’ motivation,
developing the habit of groupyworks facilitating 'stadent interactions and explorations of

mathematical ideas, and changingtheir roles from passivelisteners of the lecture.

However, the findings of this study might have been influenced due to the limitations that
occurred during the course of the experiment. There was small sample size, lack of
supervision, lack of teaching approach uniformity, and modest test of reliability. Further
research should be conducted with greater sample sizes so that stronger statistical tests

can be carried out.
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5.3 Further Research and Recommendations
It is evident that the results presented in the previous chapter are by no means clear-cut.
However they do provide some interesting pointers for further research on the use of

graphic calculators in the learning and teaching of mathematics.

Several interesting issues related to this research project were uncovered during this
study. The effect of using graphic calculators on the mathematical achievement by
considering their social, cultural and economic back ground of students was not studied.
More over the attitude of students towards mathematics when using the calculator was
not investigated. Other factors such as the effect of the use of calculators on students’
attitude towards mathematics, the ways students utilise (use) the calculator and the effect

of the graphic calculator where it includes rural settings need to be studied.
In Eritrea, as far as my awareness is concerned, there is no study on the use and effects of
graphic calculators on students’ mathematics learning. Therefore studies that pertain the

Eritrean context should be conducted.

Some of the topics suggested for possible fiirther research are listed below:

e The influence of graphic calculators on the cluriculum

e Teachers’ use of the graphic calculatortin matheémnaties teaching

e (Calculator usage under examination conditions

e Impact of the calculator on the contents that are taught
Furthermore, there should be an awareness through seminars or workshops that the
community of mathematics educators, teachers, students, parents, policy makers and the
general public on how technologies, such as the graphic calculator, influence
mathematics instruction and their usefulness on students’ mathematical learning. There is

an argument that graphic calculators are not affordable by the majority of students.
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Rather, I would argue that it is not a sufficient condition for not incorporating the
calculators in to school mathematics education. As Julie (1993b) pointed out we can not
also prevent the use of the calculators by those students who can afford it. Moreover
technology outgrows itself and is increasingly becoming more accessible from time to
time. We have to speculate what will happen after these students graduate from high
school. My belief concerning the availability of computer technologies is that it is
increasingly becoming more affordable to the wider society. Therefore the incorporation
of computer technologies, such as graphic calculators, to the school mathematics
education curriculum should be taken as an important aspect that influences students’
mathematical learning. Further research need to be conducted in this area in order to
explore new curricular and instructional approaches where the graphic calculator is more

beneficial to the majority of our students.
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Appendix

Pre-test/Post-test

1. State the domain and range of the following functions.

a. y=x’+9x +7
b. y= X2 43x +2
C. y= 2x% - 4x+5

In question 2 from a-d graph the quadratic function. State where (x-intervals) the function

1s positive, negative, increasing and decreasing.

y= 3xP—4x+3
2.
a. Zeros:
b. Turning points:
c. For what values of x| is the function|incrgasing?
d. For what values of x-is-the function decreasing?
3 For the given quadratic fungtion, f(x) = -2x2 — 3x + 2, determine
a. £11)
b. The coordinates of the intercepts on the X- axis and Y- axis respectively.

-3 Sketch the graph of f (x)

N

For the graph of Y=x"- 4x + 4

a. If the graph is moved vertically (upwards) by three units, write down the

equation of the new graph in the form Y= ax’ + bx+ ¢
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b. If the graph of y=x* - 4x -12 is moved horizontally to the right by five units,

determine the equation of the new graph in the form Y= (x+ b) (x+ ¢)

5 The sketch represents the graph of Y= ax’ + bx + c¢. Which one the following is true.

a a>0,b<0andc>0 ?
b. a>0,b>0and c>0
G: a<0,b<0andc<0 - o
d. a<0,b>0and c<0
v

6 Calculate the point (s) of intersection of the two graphs of Y= 2x” + 2x —4 and
= x> -3x -2

7 According to one student, the x- coordinate of the vertex ( the turning point) is half-
way between the roots (zeros of the function). Explain why you agree, and use the

following to check your answer.

a y=x"+2x -3 TN X N W)

8 Derive the formula for 1 they zeros; (rqots)y of - a, general quadratic function
y = ax’ + bx +c. check your fQ‘r{nlllla;_Pyi =f¥xd|i?gxtzl1elzegésl (,rt).ots) of y=3x"+2x-8.
9 Find the maximum or minimum value of the function y = -x> + 5x + 6.
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