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This study was conducted to look at some cognifw@rking memory and field
dependency) and attitudinal factors which relatieéoning and teaching mathematics. The
purpose was to suggest ways that might help to amgprstudents’ performance in
mathematics. A multi-step strategy was used to exarthe relationship between these
variables and learning mathematics. The first ésedsecond steps focussed on the students
and the third step looked at the mathematics teac® inspectors ideas about learning

and teaching mathematics.

This research has investigated the influence ofkiwgr memory capacity and field

dependency on mathematics achievement. The workiegory space and the degree of
field dependency were measured for 1346 schookstsdaged between 14-16 years from
public schools in Kuwait. The Digit Backward Testsvused to determine working

memory space, and the Group Embedded Figure Tesused to measure the degree of
field-dependency for the students, both these teste been used widely and their validity
is assured. However, absolute measurements wemmpottant in this study, as rank order

was all that was required.

In order to investigate the correlations betweemfopmance in different topics in
mathematics and the working memory space and diefiendency, mathematics tests were
developed where some questions had high workingangaemand and others had very
low working memory demand. Furthermore, in ordeinteestigate which versions of tasks
will lead to improved mathematics performance, soquestions were presented as
symbolic tasks; others were presented as visuk$ta®me of them presented as abstract

tasks and others related to life.

This study also explored the attitudes of the stted®wards mathematics in the following
areas: the importance of mathematics as a disejplattiiudes towards learning
mathematics; confidence in mathematics classesrela¢ionship between attitudes and

achievement; activities in mathematics classespairdons about mathematicians.

The perceptions of mathematics teachers and insgesere investigated to see the extent
to which their views related to the findings fromonk with students. A sample of 25
mathematics teachers and 4 mathematics inspecaws&lected randomly and they were

interviewed to compare their views. This step ineadl semi-structured interviews which



offered an opportunity to focus on some key areasvall as giving freedom for the

teachers to expand their views.

The results indicated that field dependent studertis low working memory capacity
perform badly in mathematics. This might be attidouto their inability to distinguish
between relevant and irrelevant items, with consaguwvorking memory overload.
Evidence shows that the way the questions or thielgms are given to the students is very
important for the students to understand and t@esedt in solving them. Complicated
shapes or long involved text are both more likelyptoduce overloading of the working
memory space. Therefore, the study recommends téaahers should organise their
material with great care in order that students aoé penalised for some personal

characteristic over which they have no control.

This study also showed a clear evidence of a dedim attitudes with age and the
excessively overloaded curriculum was a likely osaslong with the perceptions that
some topics were irrelevant. Furthermore, this stueflects the crucial role thathe

mathematics teacher plays in the formation of stud#itudes towards mathematics. Thus,
aiming to develop positive attitudes towards mathigrs including confidence, enjoyment
and an appreciation of it as a powerful tool shdaédparallel with the acquisition and the

understanding of mathematics concepts and skillsathematics education.

Finally, the interviews show that there is no agrest about the objectives of mathematics
education in Kuwait between those who decide thalmyses (mathematics inspectors)
and those who are going to teach these syllabusath¢ matics teachers). When the issue
of the purpose for mathematics education is agrteh it may be possible to consider
what topics might further these aims most fullyfdnt, teachers are involved daily in the
teaching processes and they know the populatiahesf students very well. Thus, their
views about the syllabuses should be taken intsideration and they should be involved

in the process of deciding the syllabuses.

The study has major implications for the developnoémathematics education in Kuwait

but many of the findings will be widely applicabieother educational systems.
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Chapter 1

Mathematics Education
1.1 Introduction

We live in a world where change is accelerating @hére the need for mathematics as a
way of representing, communicating and predictingnés is ever increasing. It can be
argued that the need to understand and be ablglise immathematics in daily life and in
the workplace become important requirements in 2het century. The principles of
mathematics appear in many ways in daily life: warld of finance, insurance issues,
social decisions based in statistics and probgb#g well as the routine use of number and

shape.

For many, mathematics is an essential underpirfoingareers and occupations: the world
of the sciences, modern technologies, engineegognomics, medicine all have a heavy
dependence on mathematical ideas. Mathematicsimsvarsal language and the language
of mathematics is not based fundamentally on lagegsidike English, Arabic or Russian. It

is a language and a way of thinking which all widled, in small or large measure, to make

sense of the world around.

Mathematics is the study of the relations betwearais or quantities. It is defined in the
Cambridge dictionary (2003) ath® study of numbers, shapes and space using reasbn
usually a special system of symbols and rules fgamizing thend.It can be argued that
this definition is just an external descriptionméthematics and that mathematics is more
inclusive and universal than this description. 8t€E990) defined mathematics asn®
exploratory science that seeks to understand ekiary of pattern —patterns that occur in
nature, patterns invented by human mind, and ewtenns created by other patterns.”
Thus, mathematics can be defined as a general Wwéyinking about the environment

surrounding us, the relations between its elemamisour interactions with it.

Booker (1993) stated that mathematics educationase than just a sum of appropriate
learning subject matter content and provision dfable pedagogy for teachers, but an
understanding of the mathematical process or armgprto know what the “doing of

mathematics” is all about. Thus, mathematics edocatan be defined as the study of
practices and methods of teaching and learning enalics, and the development of

mathematics teaching tools that facilitate tharese and practice.
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Charles and Lester offer an overview of mathema&kscation:

“The study of the subject should provide students wertain basic life skills and
processes that will prepare them to be productieenivers of society.

The study of the subject should give studentsehessary background knowledge and
skills to enable them to make career decisions isterg with their interests and
abilities.

The study of the subject should have potentiakfoiching the students’ lives in some
way.”

Charles & Lester (1982: p. 3)

The first point stresses the importance of mathesmat terms of life skills and ability to

function effectively in society, while the secondnghasises the key role which
mathematics holds in relation to many careers. fhe is less tangible and may be
suggesting that the methods of mathematics have saine in terms of the way we think

although there is little evidence to support areaiof learning transfer.

Despite the accepted importance of mathematicse tisehuge controversy and debate
about the quantity and the quality of mathematidsctv should be included in any

curriculum to guide what is taught to school studerliebert (1999) has noted that the
presentation of many school mathematics topicgdrasined virtually unchanged for over

100 years despite the numerous attempts to impratBematics curricula.

1.2 Mathematical Education in the State of Kuwait

The Kuwaiti educational system consists of threele primary, junior secondary school
and high secondary levels. Primary level consistive grades from age six until age
eleven (6-11), junior secondary level consistsoofr fgrades from age twelve until the age
fifteen (12-15), and the high secondary consistthide grades from age sixteen until the

age eighteen (16-18).

Primary Grade Grade Grade Grade Grade

Junior G r%de G rz;\de G raéde G rgde
Secondary
High Grade Grade Grade
10 11 12
Secondary

Figure 1-1: Kuwait educational system
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School attendance in Kuwait is obligatory for dtiildren between the ages of six and
fifteen. The Ministry of Education controls the doulum and teaching materials. Thus,
the students receive the same education in anyosah&uwait. Mathematics occupies a
prominent place in the Kuwaiti Educational syst&tudents receive considerable time in
mathematics classes: 4-5 hours every week at adldein the compulsory education
system. As in many countries around the world, feap Kuwait seem to believe that
mathematics results, along with English resultg, argood measure for a prospective

employee.

Aims form a fundamental part of any curriculum awme first in the definition of it.
Thus, in many countries around the world, statemefitaims or objectives preface the
curricula in any subject. Mathematics is an immefiedd and, without clear aims, there is
little way to define what is to be taught (Ortor\ain, 1994). Thus, there are general aims
of mathematics education at every level in Kuwdihe general aims of teaching

mathematics in junior secondary education (age3)Zafe:

Acquiring mathematical knowledge relevant to ddlfie that help them to
understand the world in which they live.

Understand and use the vocabulary of mathematmggui&ge including symbols,
formulae, pictures and graphics.

Understanding the nature of mathematics which helpsexplain natural
phenomena.

Understanding the number systems, algebra and ggome

Realizing the importance of mathematics in scieanuog technology development
and in other school subjects.

Acquiring mathematical skills, which help in deveilog mathematical sense.
Acquiring the ability on compilation and classifiica numerical and quantitative
data, to tabulate and explain it.

Using the language of mathematics and number efédygt

The ability to question and argue rationally anaépply themselves to tasks, and
physical skills.

Developing algebra skills in handling mathematmalcesses.

The ability to handle mathematical models and genoa representations.
Acquiring skills to use mathematical evidence a@sdagical approach.

Using the scientific method in thinking.

Acquiring the ability to solve the mathematical iplems (numerical, geometrical,
algebraic),

Using different thinking methods (inferential, esftive, relational, synthetic,
analytical), developing insights into truth andoadlity.

Inventing new methods for solving problems in mathtcs.

www.moe.edu.kw
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This list is translated from the Arabic. Howevérisiclear that these aims derive from the
view of mathematics as an everyday, dynamic, dgcidétermined, problem solving
activity, that aims to empower the individual, adodks to be accessible to all people.

Nonetheless, some of the aims need challenging.

Some may be highly desirable but there is littledence to support that they are
achievable by students of these ages (12-15), giropl grounds of their cognitive
development. For example, skills to use mathemagiemlence and developing insights
into truth and rationality may be difficult to aele at this age. The reference to problem
solving implies that there is some agreement omfanition of this skill. The review by
Reid and Yang (2002) in the sciences challengesrtbtion while the idea that school
students of this age are likely to invent new mdghof problem solving is exciting if
unrealistic. The suggestion of thinking scientifigas curious. Very recent work (Al-
Ahmadi, 2008) has offered some clear descriptionh iais very clear from these that
mathematics has very little to do with scientificinking. The logical thinking of

mathematics is somewhat different.

However, aims and objectives do not always traesiato practice in neat ways.
Mathematics teachers may well not pay much attertbothese aims but may seek, with
commitment and enthusiasm, to impart the mathealas&ills which they enjoyed

themselves at school, often teaching in ways whédlect what they found most helpful

when they were learning.

1.3 Diagnostic View of Mathematical Education in the Sdte of Kuwait

There are some unfortunate trends in mathematiesagidn in the state of Kuwait. These
trends concentrate on acquiring mathematical s&illd techniques to solve mathematical
problems, ignoring their application in the realddcand in other subjects. In fact, much of
what is taught in school classrooms, as Burtonglé@scribed "immutable mathematics",
are in fact skills and procedures, which were dgwedl in a specific mathematics context.
The socio-cultural view of mathematics does noenex general recognition, especially

among the larger non-mathematical community (ibid).

Students face problems in recalling facts in mattera and it is difficult to learn
algorithms meaningfully. Thus, most of the concegtd procedures of mathematics are
obscure to many students because rules and algsriflominate them. It is quite possible

to pass examinations by seeking to master the guoes with little understanding of their
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meaning. Thus, after several investigations, Feyni@d®85) concluded that students in

mathematics classes had memorized everything witiopunderstanding:

"...s0 you see they could pass the examinations;lesuh’ all this stuff, and
not know anything at all, except what they had me®d ... Finally, | said
that | couldn't see how anyone could be educatedhisy self-propagating
system in which people pass exams, and teach otbepass exams, but
nobody knows anything.

Feynman (1985, P: 212-213)

This way of teaching mathematics as an isolategestiteads to the lack of any coherent
understanding of mathematics. As a consequendasyfstudents tend to lose the sense of
the importance of mathematics. In spite of the mawme attempts to improve mathematics

curricula in Kuwait, the following can be noted:

The continued low-level achievement in mathematiespared with the rates of
other subjects.

There is a common belief that mathematics is caaigd and difficult subject to
learn. To some extent, some people think that metties is a meaningless and
unpleasant subject due to its abstract nature.

There are negative attitudes towards learning maddiics and this can be
demonstrated by the numbers studying mathematitsgimer education (see the
table).

Kuwait University | 1qta) Entries |  Mathematics

2000-2001 4456 3
2001-2002 3745 13
2002-2003 3968

Table 1-1: Kuwait University entries (Kuwait University)

Table 1-1 shows that students are turning away fteanning mathematics in higher
education and the highest percentage of studertscivhose mathematics does not reach
0.5% of the total entries of Kuwait University (Kaiv University is the only government

university and the vast majority of the studentKunwait study their).
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o Kuwaiti

B Non-Kuwaiti

2002-2003 2003-2004 2004-2005 2005-2006 2006-2007

Figure 1-2: The numbers of mathematics teachers ijunior secondary school

It can be seen from the chart above that, while thenber of Kuwaiti mathematics
teachers remains roughly the same for the last ya@s, the number of non-Kuwaiti
mathematics teachers extremely increased. This @#ects the turning away from

choosing mathematics for study in higher education.
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1.4 Research Questions

This study attempts to explore three questions:

What cognitive demands does learning mathematezsepdn the learner?
What are Kuwaiti students’ attitudes towards matages?

How do the view of teachers and inspectors relatgudent experiences?

The first question will be tackled by exploring téiéects of two cognitive factors that may
influence learning mathematics: working memory c#yaand field dependency. Both of
these are known strong correlates of learning inceptual areas and this will also be
related to formats of assessmefihe second question will be addressed by exploring
students’ attitudes towards mathematics in threeasar students’ attitudes towards
mathematics subject; students’ attitudes towardsedwrning of mathematics; and students’
attitudes towards the topics and themes coveredgithre course. Interviews will be used

to explore the third question.

1.5 The Outline of the Thesis

This thesis consists of two parts: the literatw@aw is presented in the first part and this
seeks to bring together some of the main findirggsvant to the aims of this study. The
second part describes how the study was condudtadiive students in Kuwait, the data

obtained and the conclusions which can be drawn.

Part one deals with literature surrounding the dognand the attitudinal factors affecting
learning mathematics, and it is divided into fourapgters. Firstly, the learning of
mathematics is set in the context of the curreattgepted models of learning. This is
followed by a focus on the role of working memofgl/lowed by an outline of the

importance and measurement of field dependencyllfinihe area of attitudes relating to
mathematics is reviewed, with a small selectionmfrihe immense literature of attitude

development and measurement.

Although this study looks at learning models in onping the process of learning
mathematics (such as behaviourism, Piaget’s irsightl constructivism) as well as some
theories of learning mathematics (such as Dienesryhof learning mathematics and the
van Hiele theory of learning mathematics), the nfagus of this study is on information

processing. This model describes learning well @nds powerfully predicative in
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indicating how learning can be improved. The imagiicns from this model are considered

in detail.

Many researchers have claimed that working memdayspa crucial role in learning

mathematics, and they have supported their clainstiddies demonstrating close links
between working memory capacity and measures onhilgg and academic achievement
(e.g. Mclean & Hitch, 1999; Bull & Scerif, 2001; @$tou, 2001; Alenezi, 2004; Holmes
& Adams, 2006). Students’ ability to hold and margte information has been found to
be a crucial factor in mathematics performancedibrages. However, in mathematics
classes much more is needed than having a workargary space to hold the information.
The ability to distinguish between important iterffiem unimportant ones is vitally

important to solve many mathematics problems. Tepends on the extent of field

dependency.

The chapter of attitudes provides an overview ofawhttitudes are, why they are
important, how attitudes can be measured and tegatiure surrounding attitudes
development. Furthermore, the most important aitutowards mathematics include a
general perception and attitudes about mathematios, perceived usefulness of
mathematics, confidence in learning mathemati¢sydées towards different topics within
mathematics; and the attitudes of mathematics égacto their students. These are

approached within this chapter.

After outlining the general way by which data viik obtained and handled, the remainder
of the thesis describes a series of three majoer@xents. In the first two, the work is
entirely with the students, seeking to find the @wipof working memory capacity and
extent of field dependency on performance and loplkit some major issues relating to
assessment in the light of these. Students’ a#gudre also described. The third
experiment involves teachers and school inspettosge how they see the situation. The
final chapter draws the findings together, makiogs suggestions for further work as

well as identifying some implications from the sgud
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Mathematics and Learning Theories
2.1 Introduction

In looking at the area of mathematics educationleadhing theories, two general kinds of
theories are found. There are those which focuscptarly on mathematics learning and
there are general learning theories which can Ipdiegpto the learning of mathematids.

is assumed that general theories of learning hawehro offer to the processes of teaching
and learning mathematics (Orton, 2004). Orton wosnde it is possible to enhance
learning mathematics through optimum sequencingis at a question of waiting until
students are ready. He also asks whether studeusvdr mathematics and if they can
construct mathematical knowledge for themselvesappears there are a variety of
different learning theories and it is difficult tmow which the appropriate one is. This

chapter will examine several such ideas.

The research in this thesis focuses on informagti@tessing as a model which describes
learning well and it is powerfully predicative indicating how learning can be improved.
The major theme of this chapter is to look at tle=om supporting the process of learning
mathematics. The implications from information pesging model are considered in detail
in the following chapter but, here, general viewsw other learning theories that link to

learning mathematics are presented as follows:

Behaviourist Approach

Piaget and cognitive developmental psychology
Constructivism

Theories of learning mathematics

Dienes theory of learning mathematics

The van Hiele theory of learning mathematics
Ausubel’s theory of meaningful-learning

Information processing and cognitive theories afteng

2.2 Behaviourist Approach

Behaviourism concentrates on behaviour observadioth the behaviourists’ belief that
learning takes place through stimuli (events inghegironment) and subsequent responses
made by an individual. Human learning was firsinsag response acquisition (Smethal

1998). Early behaviourist psychologists, Watsonjld®®aand Skinner, started to study the



Chapter 2

human learning process based on the training ohasito associate a stimulus and a
response. Then animals exhibit required patterngebhviour to prove that conditioning
worked (Atkinsoret.al, 1993).

The Russian physiologist, Ivan Paviov (1849-1936his salivation responses study in
dogs, observed that dogs salivate not only whed fe@resented but also when food is
about to be presented. He realised and described iwhcurrently known as classical
conditioning theory. He rang a bell as he fed sodiogs several meals. Each time the dogs
heard the bell they knew that a meal was comind,they would begin to salivate. Paviov
then rang the bell without bringing food, but thegd still salivated. They had been
‘conditioned’ to salivate at the sound of a belheTprinciples outlined by Pavlov can be
applied to learned emotional reactions, which aeetral to the educational process
because an individual motivation to learn and theiref in their ability to learn will affect
how they learn. As an example of learned emotioeattions, Bentham (2002) described
to a very bright student ‘Connie’ who achieved tgades for her GCSEs. Connie had
developed a learned emotional reaction to maths kgtomes negative towards maths)
because her math teacher punished her for herdatituanswer the question ‘what was

five times five’, and this could be explained inmntes of classical conditioning theory.

Pavlov's study inspired psychologists in the Unigtdtes such as E.L Thorndike (Hilgard
& Bower, 1966). In his early work, Thorndike linkbééhaviour to physical reflexes and he
went beyond Pavlov by showing that stimuli thaturced after behaviour had an influence
on future behaviours. Thorndike (1922) proposed umber of laws, which have
contributed to discussioriThe law of exerciseThe response to a situation becomes
associated with that situation, and the more iised in a given situation the more strongly
it becomes associated with it. On the other handus# of the response weakens the
association.There is no assertion that practice guaranteesenyadut the majority still
believe that practice is the best way to masteméedge (Orton, 2004). Mathematicians
are still seeking to establish a strong bond betvike stimulus (the question-type) and the
response (the application of the method of solukadling to the correct answer), which
seems to be direct application of the law of exserdihe law of effect: responses that are
accompanied or closely followed by satisfaction mu@re likely to happen again when the
situation recurs, while responses accompanied oseally followed by discomfort will be
less likely to recurWhen students behaviour is reinforced, the behav#sustained, and

this is an example of the law of effect.

10
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Orton (2004) remarks that, although these laws veerggested many years ago, it is
interesting to consider how acceptable they arayad the teaching of mathematics, and
he wonders if we could enhance learning mathemgticsigh optimum sequencing. Given
a proper task (stimulus) from the teacher, or feobook or programme, the correct answer
(response) is obtained, and then slowly but suteyrning proceeds through a sequence or
chain of stimulus-response links. Furthermore, liee#t, reinforcement and reward have
crucial places in the application of the theoryigha cycle of learning is generated. He
argues that without other methods that involve tigpe, learning may not retained
effectively. He went on to observe that the purpoiSkearning multiplication tables could
be considered to fit exactly through chanting, éineh the student can repeat them in
investigation of number patterns and relationshigdough, we are concerned about the
student’s understanding of wiy 9=63, “we also hope that the stimulug” 9 will

produce the instant response’§®id, p: 27).

Skinner suggested another class of behaviour teatlabelled operant conditioning.
Operant conditioning states environmental contiog=nor the environment’s ‘reaction’ to
that individual's behaviour controls that individisabehaviour. The operant conditioning
principle has been supported in hundreds of exmatiah studies involving humans as well
as animals. Like Thorndike, Skinner's operant ctoding study concentrated on the
relation between behaviour and its consequenceisn&k(1938) states, if reinforcing
consequences immediately follow individual behavjdkis behaviour is more likely to re-
occur, and behaviours that are followed by unpleiasapunishing consequences are less
likely to re-occur (Slavin, 2006). This means tpiasurable or reinforcing consequences
strengthen behaviour; unpleasant or punishing cuesees weaken it. For example, if
students enjoy reading books, they will probablgdrenore often, and if they find the

stories boring, they may read less often.

Behavioural learning theories are useful for clanf and explaining much of human
behaviour; they are even useful in changing behavitlowever, it is important to
recognize that behaviourism focuses almost exalgion observable behaviour. Hence,
behaviourism had limits. This explains Skinnedgure to provide any explanation of less
visible learning processes, such as concept foomaleéarning from text, problem solving
and thinking. He believed that the learner's mimds a ‘black box’ and that it was
impossible to see what happens inside, and herpedféo keep explanatory concepts to a
minimum and simply report data; relationships weneecessary and unscientific (Asher,
2003). Later, a new era began with cognitive psimdists who attempt to look inside the

human mind ‘the black box'.
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2.3 Piaget and Cognitive Developmental Psychology

Jean Piaget (1896-1980) is considered to be thet mudkiential developmental
psychologist in the twentieth century (see Flav&896). After finishing his doctorate
degree in biology, he devoted his life to studygheyogy, searching the mechanism of
biological adaptation and analysing logical thougHis approach was based on an
evolutionary epistemology. Piaget realised that a®gent learning theory involves
epistemological considerations and he called hisy oesearch programme ‘Genetic
Epistemology’ (Piaget, 1972). Adaptation is thertehat describes an individual's changes
in response to the environment. Adaptation playsessential role in Piaget's theory.
Glasersfeld (1989) noticed that the most basidld?iaget’s ideas is that knowledge does

not attempt to produce a copy of reality but, indteassists adaptation purposes.

Piaget explored two questions: How do children rgan@ adapt to their environment?;
and, How can we classify and order child developgnoser time? Piaget's method in his
experiments depends on asking children for thesasdabout natural events and recording
their answers with great attention. He believed tiha highest form of human adaptation is
cognition. In order to explain children’s adaptatio the environment, he used features of

biological adaptation and created his own distigcterminology as explained below:

Schemas according to Piaget, are the basic ways of osyagipatterns or units of action
or thought that we construct to make sense of oteractions with the environment.
Schemas can be thought of as files in which weestdormation, so each schema treats all
objects and events in the same way. Piaget belithatdthinking is internalised activity.
Individuals interact with and make sense of theiremment around them, and it is this

physical interaction that becomes internalisedréate thinking.

Assimilation and Accommodation according to Piaget, the term adaptation is used
describe the process of adjusting schemas in resptm the environment by means
assimilation and accommodation. Assimilation, gutply, is taking in new information
and trying to fit this information into existing leemas, or responding to the environment
in terms of previously learned patterns of behavimuschemas. Accommodation is the
effort of organisms to change or modify an actidtyability to fit the new information, or
responding to the environment in a new manner, révipusly learned patterns of

behaviour or schemas are not sufficient.
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Equilibrium is when the individual's perception of the worits into existing schemas. It
is a state of continual activity in which an indival compensates for disturbances to the

system. When existing schemas cannot deal withexg@erience there is dis-equilibrium.

In order to answer the question of how to clasaifi@ order child development, Piaget
postulated four stages for cognitive developmendbuph which individuals’ progress
between birth and young adulthood, these stagex)lmpialitatively different from each
other. He claimed that children pass through aesef stages of thinking in this order and
that no child can jump a stage, although some @mlevould advance earlier or later to the

next stage. Slavin (2006) listed these cognitiages as shown below in table 2-1.

Piaget's Stages of Cognitive Development
People progress through four stages of cognitive delopment between birth and adulthood, according tdean
Piaget. Each stage is marked by the emergence ofimnitellectual abilities that allow people to undestand the
world in increasingly complex ways.

Formation of concept of “"object permanence" and
Sensor- motor Birth to 2 years gradual progression from reflexive behaviour to goh

directed behaviour.

Development of the ability to use symbols to represit
Preoperational 210 7 years objects in the world. Thinking remains egocentric ad

self centred.

Improvement in ability to think logically. New abilities

include the use of operations that are reversible.

Concrete operational 7 to 11 years Thinking is decentred, and problem solving is less
restricted by egocentrism. Abstract thinking is not
possible.

Abstract and purely symbolic thinking possible.

Formal operational 11 years to adulthood Problems can be solved through the use of systenmti

experimentation.

Table 2-1: Piaget's stages of cognitive developme(@lavin, 2006)

According to Piaget, all children move through takkse levels and in the defined order,
and they will not be able to reach one developniesttage until they master the previous
one. Therefore, in the case of learning mathematiesconsequence will be as Orton
(2004, p: 52) saidif'a child is known to be operating at a particuRiagetian level, if it is
known at what stage they are functioning, theraaspossibility that they will be able to
cope with any mathematics which depends on capiabilassociated with a subsequent
stagé. Piaget's theory would propose that the capabititcope with abstraction levels in
learning mathematics depends on the developmefarofal operational thinking. Many
mathematical topics and ideas confuse the studemtsthematics classes due to the high
level of abstraction demanded. For example, théy eatroduction of algebra, and its
abstract nature (as a generalization and extersdfiarithmetic where the symbols and
letters were used to represent number and quaméty)ires high level of operational

thinking. Students need to reach a certain devedopah level in order to handle the ideas.
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This tends to colour whole attitudes of studentd Hreir views about mathematics as
abstract subject. Orton (2004, p: 53) stated:

“Many mathematical ideas require the kind of thimkiskills which Piaget has
claimed are not beginning to be available until tbaset of the formal
operational stage. It does not matter how carefuhyd systematically the
teacher might try to build up a pupil’'s capabilgieand knowledge — it is
impossible to introduce concepts dependent on fowparational thought

before the pupils has moved into that stage. Tipdl minot yet ready for such
abstract ideas. Pupils might, of course, be ablgrasp the beginnings of an
abstract idea in an intuitive or concrete way, ltéy cannot appreciate the
idea as the teacher does. Explanations by the tFawlil fail to make any

impact unless such explanations are dependent onlyskills available to

pupils at the concrete operational stage.”

Doubtless, Piaget’s work has been more influetiiah any other theorists’ works in term
of mathematics curricula development, especiallypimimary level. Evaluation and

criticisms of Piaget work are considered in théofwing section.

2.4 Evaluation of Piagetian Theory

Piaget's theory of development revolutionised, atil dominates the study of human
development. However, some of his principles haaenlbquestioned and criticised in more
recent research. He has been criticised for the agd largely fixed developmental stages
of his theory. Donaldson (1978) was strongly caitiof the way in which Piaget asked
children questions in experimental situations. Tdrgicism of Piaget's device was

summarised by Orton as follows:

“Many questions are not meaningful to the childreaither they do not relate to
the world in which the child lives or they do naitivate;

Some questions might be regarded as ridiculousrigplbéus for the above
reason or because they contain questionable stattme

The complexity of instructions in some questidmat is the language demands,
are too much for some pupils;

Some questions are not sufficiently free from cdntariables to produce
results, from different backgrounds, which are caraple;

Some questions, particularly those devised to ftasbal operational thinking
skills, are too difficult even for most adults.”

Orton (2004, p: 63)

Researchers have created some tasks like the Bagasks that require the same skills
and found that they can be taught to children dieealevelopment stages (Black, 1981,
Case, 1998; Siegler, 1998). Gelman (1979) found thlen the task was presented in a
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simpler way with simpler language, children coulde a conservation problem involving
the number of blocks in a row. Sutherland (1992edccriticisms of aspects of Piaget’s
stage theory on sensor-motor period, on concregzatipn period and Piaget’s clinical

interview for the basis of the lack of scientifigaur.

Piaget has also been criticised because he didseosufficiently large samples and he did
not pay enough attention to statistical signifieagdusubelet.al, 1978). However, Orton
(2004) argued that inadequate sampling is not ataobive issue because the conclusions
which are drawn on the basis of work with small gke®s provides genuinely valuable
information if the researcher is cautious. He added that many experiments based on
Piagetian tasks have been replicated by othersamyncountries around the world using

large samples.

Piaget’'s work has also been criticised due to ti#etestimation of the young children’s
abilities of learning language. Piaget believed tih@ growth changes in the cognitive
structure of the child produced linguistic devel@mt Vygotsky (1978) took the opposite
view of Piaget. On speech development, Piaget drghat the egocentric speech of
children goes away with maturity, when it is tramsfed into social speech. On the

contrary, for Vygotsky the child’s mind and langeage inherently social in nature.

A much more substantial criticism of Piaget the@his statement that all children go
through the stages in the same order though theatgéich they progress to the next
stage will differ. Thus, one of Piaget's greatestaknesses was his failure to take
individual differences into account: individual féifences in personality, gender,
intelligence and other factors that affect the igbilo progress cognitively (Sutherland,

1992). These differences may be important and tatfecrate of cognitive development.

In summary, Piaget's theory has been criticisedrdébiing exclusively on broad, fixed,
sequential stages through which all children pregrand this gives an understanding of
children's abilities. Nonetheless, Piaget estabtistihe basis that has led to much modern
educational thought and he had a profound impad¢herheory and practice of education
(Donaldson, 1978; Miller, 1993; Orton, 2004). OVergiaget’s observations were highly
perceptive and offer a broadly correct picturehef ¢ognitive development of children. He
never attempted to explain what he observed. Tlest aitempted by his followers and,
especially, by those who developed the ideas ofin&tion processing. Piaget presented a
picture of cognitive development which was, perhatightly too rigid and which did not

take enough account of language and social support.
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2.4.1 Educational Implication of Piaget's Theory

Piaget's theories have led to all sorts of appdicain the real world, and have had impact
on educational practice and research (Bentham, )20B&rk (2001) summarises the

educational applications drawn from Piaget's tleeoais follows:

“A focus on the process of children’s thinking, nojust its products In
addition to checking the correctness of childreafsswers, teachers must
understand the processes children use to get toatmaver. Appropriate
learning experiences build on children's level ofgmitive functioning, and
only when teachers appreciate children's methodsra¥ing at particular
conclusions are they in a position to provide segperiences.

Recognition of the crucial role of children's selfiitiated, active involvement
in learning activities.In a Piagetian classroom the presentation of reathde
knowledge is deemphasized, and children are engedrao discover for
themselves through spontaneous interaction withetingronment. Therefore,
instead of teaching didactically, teachers provaleich variety of activities
that permit children to act directly on the physiearid.

A deemphasis on practices aimed at making childradult like in their
thinking. Piaget referred to the question "How can we spegul
development?” as "the American question." Amongntfaay countries he
visited, psychologists and educators in the Un8éate seemed most interested
in what techniques could be used to acceleratelnls progress through the
stages. Piagetian-based educational programs acdeptfirm belief that
premature teaching could be worse than no teachirgll, because it leads to
superficial acceptance of adult formulas rather rtharue cognitive
understanding (May & Kundert, 1997).

Acceptance of individual differences in developmgnbgressPiaget's theory
assumes that all children go through the same dewveéntal sequence but that
they do so at different rates. Therefore, teacheust make a special effort to
arrange classroom activities for individuals and aimgroups of children
rather than for the total class group. In additiomecause individual
differences are expected, assessment of childeelisational progress should
be made in terms of each child's own previous @uwofsdevelopment, not in
terms of normative standards provided by the pemBoices of same — age
peers.”

Piaget's work was welcomed as being helpful intretato curricular design and to
learning activities planning. Another major devetegt rising out of Piaget's work and

extending it in various ways is Constructivism.

16



Chapter 2

2.5 Constructivism

Constructivism is one of the most important ideasurrent educational psychology, and it
draws heavily on Piaget's and Vygotsky's work ($%&av2006). It had considerable

influence in science education research through 1680s and 1990s. For example,
instruction in mathematics (National Council of €kars of Mathematics, 1989), and
science (American Association for the advancemérbaence, 1993) are increasingly
grounded in constructivist theories of learningeTssence of constructivist theories of
learning (Slavin, 2006) is the idea that learnetstmndividually discover and transform

complex information if they are to make it their mwand the learners are seen as
constantly checking new information against oldesuand then revising rules when they
no longer work. It is a view of learning and deyetent that emphasizes the active role of
the learner in building understanding and makingsseof the world (Eggen & Kauchak,

2007).

“Constructivists believe that making that knowledgsults from individual
constructions of reality. From their perspectiveatning occurs through the
continual creation of rules and hypotheses to drpl@hat is observed. The
need to create new rules and formulate new hypethescurs when students’
present conceptions and new observations.”

(Brooks, 1990, p: 68)

According to constructivism, knowledge cannot laesémitted and teachers cannot simply
give students knowledge. Instead, students' knayeledust be constructed in their own
minds. The role of teachers is facilitating thertéiag process by teaching in ways that
make information meaningful and relevant to stusleriy providing students with
opportunities to discover or apply ideas themse(&avin, 2006). The works of Piaget
and Vygotsky emphasized that cognitive change talese only when previous
conceptions go through a process of disequilibnatio light of new information, and
emphasized the social nature of learning (Slavi062. There are different views of
constructivism each with different implications feducational practice (Biggs, 1996).
Constructivists disagree on the nature of knowle@dgel the importance of social

interaction. These two varieties of constructivisti be discussed.

The first, originating largely in the work of Pidgeas calledthe theory of personal
constructivismwhich focuses on individual, internal construnmf knowledge (Greeno
et.al 1996). This view of construction emphasises legrractivities that are learner-
centred and discovery oriented. Children’s everykiagwledge of natural phenomena is

viewed as a coherent framework of ideas based ammanon-sense interpretation of their
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experience of living in the world. For examplejstarguable that learning mathematics
facts through discovery learning based on what dh#dren already know, is more

effective than having them presented by a teadheséleet.al 1992).

The second view, strongly inspired by Vygotsky'sedhes, is calledthe social
construction of knowledgeyhich proposes that knowledge exists in a sociatext and is
initially shared with others instead of being regengted solely in the mind of an individual
(Bruning et.al, 1999). Vygotsky developed a fully cultural psyldgy stressing on the
primary role of communication and social life in améng formation and cognition, and
four key principles of his ideas have played anarngnt role. First is his stress on the
social nature of learning, where learning is vievasdmore a cognitive structure used to
interpret nature rather than physical events arehgmena themselves. In this approach
the social context in which learning takes place<rucial. Social interaction plays a
fundamental role of social construction in the depment of cognition. Vygotsky (1978)
states: "Every function in the child's cultural depment appears twice: first, on the social
level, and later, on the individual level; firsetiveen people (interpsychological) and then
inside the child (intrapsychological). He assertild significance of dialogue as a tool
through which individuals collectively, or individily, could negotiate conceptual change
(Boudourides, 1998).

The second key concept is the idea that the patenti cognitive development relies on
the "zone of proximal development” (ZPD): a levetlevelopment attained when children
engage in social behaviour. Vygotsky believed thate was a difference between what
learners could achieve by themselves and whatdbeld do with assistance from a more
skilled individual. He developed a concept of ar@ag environment consisting not only of
children and learning material and processes, luldren, learning material and interactive
communication. Vygotsky's findings suggest learnemyironments should involve guided
interaction, permitting children to reflect on imsistency and to change their conceptions
not only through Piaget’s intelligent action busalthrough speech and communication.
The child’s verbal and conceptual maturation camdigeved by exposure to increasingly
more expert vocabularies through social interac{Boudourides, 1998). Another aspect
of Vygotsky's theory is cognitive apprenticeshipatt the process by which a learner
gradually acquires expertise is through interactigth an expert, either an adult or an
older or more advanced peer (Salvin, 2006). Disonssetween teacher and students and
between students themselves enhance the qualispudents’ mathematical thinking as
well as their ability to express themselves considly (Cockcroft, 1982; Department of

Education and Science, 1985). Finally, Vygotskyested scaffolding, or mediated
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learning. Scaffolding is a mechanism whereby, tglouthe language of shared
communication, a more skilled individual tries tmpart knowledge to a less skilled
individual, and it refers to the various types opgort given by teachers (Bentham, 2002).
The following table illustrates a comparison ofdeits and Vygotsk's views of knowledge

construction.

Basic question How is new knowledge created in all How are the tools of knowledge
cultures? transmitted in a specific culture?

Role of Language Aids in developing symbolic thought; it Is an essential mechanism for thinking,
does not qualitatively raise the level ol cultural transmission, and self-regulation.
intellectual functioning. (The level of Qualitatively raises the level of intellectual

functioning is raised by action.) functioning.

Social interaction Provides a way to test and validate Provides an avenue for acquiring language
schemes. and the cultural exchange of ideas.

View of learners Active in manipulating objects and Active in social contexts and interactions.
ideas.

Instructional Design experiences to disrupt Provide scaffolding. Guide interaction.

implications equilibrium.

Table 2-2: A comparison of Piaget's and Vygotsk'sigws of knowledge construction (Eggen &
Kauuchak, 2007)

Constructivist-learning theory emphasizegp-down instruction, which means that the
learner begins with complex task to solve and terks out or discovers the basic skills
required with the guidance of the teacher (Sla2i@06). Lampert's method (1986) in
introducing the multi-digit multiplication by topedvn teaching is an instance of
constructivist approach to mathematics teaching tFaditional, bottom-up approach to
teaching the multiplication of two-digit numbers bge-digit numbers is to teach students
a step-by-step procedure to get the right answer adter basic skills have been mastered,
the simple application tasks will be presented. Thastructivist approach works in
exactly the opposite order, starting by presenpiredplems and then helping students figure

out how to do operations.

On the other hand, constructivist approaches tohteg emphasizeooperative learning
anddiscovery learningln cooperative learning, there are opportunitiesdiscussion that
lead to difficult concepts being more easily disa@d and comprehended. In discovery
learning, students are encouraged to learn la@elheir own through active involvement

with concepts and principles.

However, as Biggs (1996) indicates whatever pddiciconstructivist theories may
variously emphasize, a result would be that learr@mive at meaning by actively

selecting, and cumulatively constructing, their Wiexlge, through both individual and
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social activity. Most constructivists, despite thaifferences, agree on four characteristics

that influence learning as following:

“Learners construct their own understanding.

New learning depends on current understanding.
Learning is facilitated by social interaction.

Meaningful learning occurs within authentic leargitasks.”

Bruning et.al, (1999)

However, it was argued by Millar (1989) and JenKi®300) that constructivism-learning
theory requires a particular model of instructiondemands a progressive pedagogy. Of
course, several writers have proposed instructishategies based on constructivism
ideas: greater emphasis on discourse relating udests concepts; discussion in the
classroom; exchange of ideas; demonstration or rexxpe with conflict situations;
increasing the active involvement of students. Scsnggested the use of modern
audiovisual technologies and computer graphics amamcome difficulties with abstract,
unobservable concepts (Garnett and Hackling, 1996)vever, none of those strategies

and techniques is ‘unique’ to constructivism akiren(2000) stated:

“Selecting a strategy that is more, rather thasslelikely to interest students
and promote their learning is central to a teaclsgrrofessional competence”.

For that reasgnt can be wondered: “is the evidence which ariBesn the constructivist
framework of pupils’ ideas influential enough tofest straight away the teaching
process?” Of course, it should be clear that constructividoes not prescribe particular
teaching techniques; it is nonetheless appropriateattempt to discuss features of
classroom practice and the problems which arisé&yimg to implement constructivist

beliefs in the classroom (Orton & Wain, 1994).

Overall, constructivism does not provide us witlearning theory and does not prescribe
to us what our teaching approach should be, am@stonly a marginal impact on the
theory and practice of scientific educatiodndeniably, constructivism has given a
challenge to consider on a relativist approaclnéotéaching and learning processssme

of these considerations were rather critical agatnéSuchting, 1992; Matthews, 1993;
Phillips, 1995; Osborne, 1996) and some have ucgedion in its adoption (Millar, 1989;
Solomon, 1994). While many would disagree with ¢bestructivist approach, few would
silence the psychological influence on educatiasugght about by the constructivist view

of learning. In fact it is a%a psychological theory about how beliefs are depeld”
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(Matthews, 1998), where the original core of camdivism might be foundKirschner
et.al (2006) have brought together many modern apprsaichéeaching and learning and
demonstrated that any model which does not take actount the limiting capacity of
working memory does not lead to better ways ofriedy. They include constructivism in
this describing as an excellent description ofrlesy which, nonetheless, is of very poor

predictive value.

2.6 Theories of Mathematics-Learning

The nature of mathematics as an objective, logical abstract subject has consolidated
resistance to educational shifts similar to theeptBubjects. Mathematics education
researchers have sought to introduce psychosdwalries, to describe the process of
learning in mathematics. Two theories of learningtmmatics will be presented; one is
the Dienes theory of learning mathematiEsenes, 1960), and the other onethg van
Hiele theory of learning geomet(from Orton, 2004 and Fuyt.al,1988).

2.6.1 Dienes Theory of Learning Mathematics

Dienes started from the position that mathematmsldc not be learned in a stimulus-
response manner since it did not address the probiat mathematics-learning was so
dependent on understanding the structure (Ortdd¥ 2Ble derived his original inspiration
from Piaget, Bruner (1966) and Bartlett (199&)t his theory was also found by research
of his own.Dienes theonpresents an early-learning environment intendeichppove the
construction of an understanding of place valud,iagives us a wealth of teaching ideas.
Dienes’s perspective of learning mathematics cosegrithe following four principles
(Dienes, 1960):

1. The constructive principleDienes claimed that teacher must construct madtieai

ideas. He considered the structure of a given madltieal idea cannot be abstracted from
concrete objects, but alternatively must be absdac from relational/

operational/organizational systems that humansireaqn sets of objects. For instance,
when Dienes’s arithmetic blocks (see Figure 2-J9 ased to teach the "regrouping
structure™ of our base-ten numeration system, ofilanust first organize the blocks using
an appropriate system of relations and operationdy after these organizational systems
have been constructed, can children use the mlateaaga a model that embodies the

underlying structure.
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Figure 2-1: Dienes's Arithmetic Blocks

2. The mathematical variability principléccording to Dienes, mathematical ideas cannot
be abstracted from single isolated patterns (oreisodhich "embody" these patterns) any
more than simpler abstractions can take place fsangle instances. Alternatively,
mathematical abstractions occur when students ne®gtructural similarities shared by

several related models.

3. The dynamic principteAccording to Dienes, the schemes that must beadted from
structurally related models are not simply "stapatterns"; they are dynamic and

correspond with other models.

4. The perceptual variability principle Regardless of whether the object that used to
represent a given model is a set of concrete ahjegraphics, written symbols, spoken
language, or some other representational systerdeli@lways have some features that
the modelled system does not have — or, on theagnthey fail to have some features
that the modelled system does have. Thereforeeleztsa small number of particularly
proper models to represent a given system, theviolg features should be taken into

consideration:

Irrelevant features should vary from one modelnother so that these features
will be ‘washed out’ of the resulting abstraction.

Collectively, models should point out all of the shanportant structural features
of the modelled system.

Dienes took the work of Piaget to propose thatliearis an active procesde also drew
the dynamic principle directlirom the assumption that concept formation is priaady

providing suitable learning materials with whichldhen can interact. The limitation of the
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Dienes mathematics-learning theory is the neglétherelationship between the learning
of a new concept and the existing knowledge strectready held in the learner’'s mind.
However, Dienes theory of mathematics-learning isimsupported in number ways. It
clearly builds on a cognitive approach, such asatbek of Piaget, Bruner (1966), Bartlett
(1958) and Wertheimdd961), and takes into consideration how to acatdelearning and

how to cope with individual differences and as @rt8004, p: 181) stated:

“Certainly, it is clear that the community of mathatics teachers and
educators has not accepted the theory as the ukiraaswer to anything.
Dienes proposed it as a feasible skeleton theotgarhing mathematics, and
not necessarily as an ultimate answer...What musb dle gratefully
acknowledged, however, is that Dienes has givemm wgealth of teaching
ideas.”

2.6.2 The van Hiele Theory of learning geometry

The van Hiele theory of learning geome#igo drew heavily from the work of Piaget
(1972) and Gestalt theoiyWertheimer, 1912). After studying Piaget's workerRe van
Hiele and Dina van Hiele-Geldof thought that studegeometrical competence might
well improve by progressing over a period of tiheotigh successive stages of thinking.
There are five levels in van Hiele theory of leaghgeometry as follows (Orton, 2004):

Level (1)Visualization:

Students can recognize figures as whole entiti@n(fles, squares), but do not recognize
properties of these shapes (right angles in a sjjuaisual impression and appearance
exert a storing influence, thus a square cannot ladsa rectangle; drawings of shapes are
based on holistic impressions and not on compoparis; names may be invented for

shapes according to their appearance, for exangd#aty rectangle’ for parallelogram.

Level (2)Analysis:

Students can analyse figures’ components suchdes sind angles but cannot relate
between figures and properties logically; properaed rules of a class of shapes may be
discovered empirically (for example, by folding, asering, or by using a grid or diagram);
a figure can be identified from its properties; getizations become possible, for

example, all squares have four sides, the anglagaofles total 180°.

Level (3)Informal Deduction:

Students can establish interrelationship of progemvithin shapes and can make simple

deductions, though the intrinsic meaning of dedurcts not understood; a shape may be

23



Chapter 2

used to establish that a square is a rectangléatamsent cannot be separated from its

converse.

Level (4)Deduction:

At this level, students can appreciate the needdéginitions and assumptions, and can
present proofs within a postulational system; Titerrelationship and role of undefined
terms, axioms, definitions, theorems and formabpoan be understood; proof as the final

authority is accepted; inter-relationships amonvoeks of theorems can be established.

Level (5)Rigor:

Students at this level can work abstractly and campare systems, can examine the
consistency and independence of axioms and gerelprinciple or theorem to find the
broadest context. Geometry is seen in the abstigitta high degree of rigor, even without

concrete examples.

All school geometry courses are taught at Levab®l). The van Hieles also recognized
some features of their model, including the facit th person must proceed through the
levels in order. The most important features of kagles system as summarized by Fuys
et.al (1988) are as follows: (a) the levels are conseeuib) each level has its own
vocabulary, symbols and network of relations; (d¢jatvis implicit at one level becomes
explicit at the next level; (d) material taughtstoidents above their level is dependent on
reduction of level; (e) progress from one levethie next is more subject to instructional
experience than on age or maturation; and (f) @es ghrough various ‘phase’ in arising

from one level to the next.

2.7 Ausubel’s Theory of Meaningful-Learning

Within cognitive psychology two significant apprbas to the teaching process have
proceededDiscovery learningwas advocated by Brun€t966), andDirect instruction
learning was advocated by Ausub@968).

2.7.1 Discovery Learning

Discovery learning is a method of inquiry basedtbe learner rather than a teacher-
oriented view of the teaching and learning procgsaed it is advocated in the work of

Piaget (1972), Bruner (1966), and Papert (1980¢duires learners to proceed in the same
way as scientists when investigating nature, upiragesses that are very similar to the

processes of scientific discovery (Klahr & DuniE888; Jong & Njoo, 1993; Joolingen &
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Jong, 1997). The central purpose of discovery legris that the learner obtains or
constructs knowledge by performing experimentsc®ery learning is considered to be a
promising way of learning for a number of reasoti® main being that the active
involvement of the learner with the field would u#sin a better knowledge base
(Joolingen, 1999). Unfortunately, many studentssaitetaught largely by exposition and
are given little opportunity to learn by discoveyiOrton, 2004).

Papert concentrated on the impact of new technotogyearning, and hegained his
enthusiasm for active, discovery-type learning emments directly from Piaget, with
whom he worked for five yedr§Orton, 2004, p: 97). Papert expressed his behet
enriching the learning environment through the ofsmaterials was more important than
Piaget had suggested (ibid). He created Logo wisighcomputer programming language

as a tool to improve the way that children maykrand solve problems in mathematics.

A mobile electronicLogo turtle’ was developed and children were encouraged te solv
problems and trace out shapes on a classroom fRapert (1980) argued that the usual
mathematics curriculum was meaningless to mosdnl but the invention of Logo
provided for them an opportunity to construct knedge in meaningful way. However,
Orton (2004) stated that there are some objectorthe grounds that Logo is too difficult
and it takes too much time, and that subsequessityguLogo in ordinary classrooms has
“convinced many teachers that pupils cannot workednton their own in the way Papert
seems to suggest is both possible and desirabdethert skilful teacher mediation between
the children and the software is needé€itiid).

In teaching mathematics, words such as ‘discovefigiyestigation’, ‘activity’ and
‘problem-solving’ are famous and have became paith@® mathematical language (Orton,
2004). At the present time, there is much awarenbssit the importance of the use of
discovery learning in mathematics classes, espgetprimary level. With older students,
discovery learning might sometimes be a suitabléhawk but it is very rarely used. In
practice, it is very hard to apply discovery leagnin higher educational level and as
Ausubel states what was created over the pastcéniuries cannot be rediscovered by our
students in ten or fifteen years. Thus, meaningfetbal learning which provides

expository teaching can be effective and in somgsviseetter than other methods.
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2.7.2 The Conditions of Meaningful-Learning- Ausubel's Teinology

One of the main researchers who has connection tiwghconstructivist movement was
David Ausubel. In 1968, he put forward the case tihe most important thing for teachers
to know at the outset of the teaching is what esiadent knows already. However, he held
a different approach to how the teaching matehalud be presented in the classroom or
by self-study than Bruner. He argued that studeetsd guidance if they are to learn
effectively and he advocated the direct instructiearning approach. Ausubel (1968)
focussed on both the presentational methods ofiiteg@and the acquisition of knowledge.
He made a major contribution to learning by studyamd describing the conditions that
lead to ‘meaningful learning’. He attempted to fiftde laws of meaningful classroom

learning’.

According to Ausubel, meaningful learning presugsos

“That the learning material itself can be nonarlaitily (plausibly, sensibly, and
nonrandomly) and substantively (nonverbatimly) tedato any appropriate
cognitive structure (possesses “logical meaning”).

That the particular learner’'s cognitive structur@rgains relevant anchoring
idea(s) to which the new material can be related.

The interaction between potentially new meaningd ezlevant ideas in the
learner’s cognitive structure gives rise to actual psychological meanings.
Because each learner’s cognitive structure is uajql acquired new meanings
are perforce themselves unique.”

Ausubel et.al, (1978)

The meaningful learning processes exist when thre cencept can be linked to the pre
existing concept in the learners’ cognitive struet(for example, already existing relevant
aspect of knowledge of an image, an already meéarisgmbol, a known concept or a

proposition). The new concept interacts in a noivany (in the sense of plausibly,

sensibly and nonrandomly), and substantive (noraterty) basis with established ideas
in cognitive structure. Thus, meaning derives diyefrom associations that exist among
ideas, events, or objects. As the new knowledgailisumed into the existing knowledge,
it interacts and modifies it and the entire newriratow becomes more elaborate and new

linkages form between concepts.

Obviously, this theory can only become realityhé tteacher finds out what the learner
already knows. Orton (2004) argued that, if annapteis made to force children to
assimilate and accommodate new mathematical ithaasannot link to knowledge which
is already in an existing knowledge structure, ttenideas can only be learned by rote. In
contrast with meaningful learning, rote learninguies in arbitrary literal assimilation of
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new knowledge into cognitive structure. It occutgew no relevant concepts are accessible
in the learner’'s cognitive structure. ‘Rote-meafutiglearning is a continuum, which
relies on the learner and differs from one leatoeanother. The feature of the cognitive
structure of the learner interconnects in a divelsgree from topic to topic in the ‘rote-
meaningful’ continuum. The learner's existing knedge and the way that new
knowledge is linked to existing knowledge invohseghsumption. Ausubel postulates that
cognitive structure is hierarchically organised ethimeans the less inclusive sub-concepts
and details of specific data are organised, undemiore inclusive concepts. Therefore,
good expository teaching should be given to thenkrato ensure that a new concept is

linked to relevant existing knowledge.

According to Ausubel (1968) thadvance organiseis “an advanced introduction of
relevant subsuming concepts (organisers) whichfaailitate the learning and retention of
unfamiliar but meaningful verbal material”’. The adefadvance organizewas introduced

by Ausubel in the following two cases:

a) When the student does not process proper subsuengrayvhen the material is
totally new and the learner does not have relewdotmation to which they can
relate the new material.

b) When the student obtains appropriate subsumingrnrdton, but the
information is insufficiently developed and is nlikely to be identified and
linked to the new information.

The existing components of the knowledge structareshich new learning needed to be
correlated; subsequently they become recognizedaslsanchoring’ ideas or concepts. At
this point Ausubel’'s idea of subsumers is simi@Bruner’'s view of readiness. So, if the

subsumers are there the student is efficientlyyead

Orton (2004) stated that meaningful learning impken understanding of constraints. He
also added that any theory of learning mathemasicsuld take into account the
hierarchical nature of the subject, and there ghodt be many occasions when new
knowledge cannot be linked to existing knowled&er instance, it is not possible to learn
about integers and about rational numbers unlessn#tural numbers are understood

meaningfully (ibid).

2.8 Information Processing and Cognitive Theories of karning

The three most basic assumptions of cognitive teedgmental processes exist, they can be

studied scientifically, and humans are active imfation processors) have led to the
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information processing theories (Ashcraft, 2002foimation Processing is a cognitive
theory that examines the way information enters minds through our senses and is
stored in and retrieved from memory. It has becdmeedominant theory of learning and
memory since the mid-1970s and it is concerned igdhning processes rather than with
learner's nature. It does provide an explanationvioy young children are poorer than
adults at single-focus and complex multi-focus $asRccording to the information

processing approach, the young child has a limgagacity for memorising, and this

capacity is smaller than the average adult's capéSutherland, 1992).

2.8.1 The Hypothetical Model of Human Memory

Cognitive psychology uses a metaphor borrowed fommputer science. According to
cognitive models, the brain functions somewhat &keomputer and it has input and output
devices (the sensori-motor systems), various dasdestorage. The modal model of
human memory, according to Ashcraft (1994), conegrithree kinds of information

storage:

1. The sensory memory (or sensory registrar or peiarefitter).
2. The short-term memory (or the working memory).
3. The long-term memory.

Ashcraft, (1994)

Long-Term

> @triwalmemwtmbn | Memory

Sensory Short- | Declasati
¥ g . Declarative
Memory Term EnmodingElbaration Knowledge

Memory

Behearsal

Figure 2-2: The Modal Model (Bruning et.al, 1999)

2. Procedural

The differences between the three kinds of memierynl the nature and extent of the
processing that the information holds and in tleapacity. Atkinson and Shiffrin's (1968)
model of information processing outlined in figu2e2 is not the only one accepted by
cognitive psychologists. There are several modelseth on the basic assumptions of
Atkinson and Shiffrin's models and elaborated aspetit: for example, Ashcraft, 1994;
Child, 1993; and Johnstone, 1993. However, diffeesnlie in detail and extent of
elaborate. The information processing model dewopy Johnstone (1993) is the main

focus of the following section.
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2.8.2 The information Processing Model of Memory

The model (figure 2-3) suggested by Johnstone (LBIased on a mechanism proposed
by many psychologists. The key characteristics exsighd by Ashcraft (1994) are taken
into consideration. The ideas of others theorieshsas Piaget's stage theory, Ausubel’s
importance of prior knowledge in meaningful leamirPascual-Leone’s idea of limited

space related to age are observed. This model otvates on learning processes and the
nature of the learner. It proposes a simplified m@&tsm of the learning process and

enables us to understand the limitations of lear:nin

Perception
Long-Term Memory

Storage

Sometime:

% Rearranging § bl

% Comparing §

Storage  § Sometimes a
Preparation § # separate %
o fragments

Feedback looy

Figure 2-3: A Model of the Information Processing Johnstone, 1993)

Sensory Memory-Perception Filter

The first component of the memory system is sensoegnory, which is the information

store that briefly holds stimuli from the environmheuntil they can be processed and it
consists of the sensory registers (Neisser, 196@. sensory register is bombard with
large amounts of information from the senses (sigbaring, taste, touch and smell), and
holds it for a very short time. There are two kindsensory memory, the auditory sensory
memory and the visual sensory memory. The audgensory memory is a component of
the sensory memory that responsible for receivimdjtary information from the external

environment (Ashcraft, 1994). The visual sensorynmey refers to the part of the memory

which holds visual sensations for a very brief tiora(ibid).

The capacity of sensory memory is nearly unlimitedt if processing does not begin
almost immediately, the memory trace quickly dec@y®olfolk, 2007). The estimated
time that information can be held after the stindifappear varies from one second for
vision and to four seconds for auditory (Drisc@D05; Leahey & Harris, 1997; Pashler &
Carrier, 1996). In these moments, there is oppdstio select and organize information
for further processing.
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The process by which we select information is ref@ito aperception In figure 2-3 the
sensory memory is called the perception filter. Terception filter is controlled by
information that is stored in long-term memory. \Roesly experiences, preferences,
knowledge and prejudices control the perceptioterfiland people respond and pay
attention to certain stimuli (Johnstone, 1993).pByingattentionfor selecting stimuli and
ignoring others, the possibilities for perceivingdaprocessing will reduce (Woolfolk,
2007). Woolfolk argues that “what we pay attentions guided to a certain extent by what
we already know and what we need to know, so atterd involved in and influenced by
all three memory processes” (p: 252). Paying ataris considered to be the first step in
learning and without paying attention, studentd molt be able to process information that
they do not recognize or perceive (Lachter et@04). Sensory memory holds information

long enough to transfer it to the working memohg hext store.

Working Memory

Working memory is the store where new informatisrneld for a relatively short period
and combined with knowledge from long-term memoworking memory is easily
disrupted because of its limitations; it can hofdyabout seven plus or minus two (7 * 2)
items of information at a time (Miller, 1956) andldis information for limited period.
Sweller,et.al (1998) argue "humans are probably only able td wéh two or three items
of information simultaneously when required to m®x rather than merely hold

information” (p: 252). Working memory has two fuincis:

Hold information; and
Process it into a form that can be used or starélde long- term memory

Information processes such as selecting, compaaing,organizing also occupy working
memory space, thus the number of items that cadebk with is much less than the seven
that can be simply held in working memory (Eggerk&uchak, 2007). Working memory

consists of three subcomponents, as following:

The central executive system (CE): responsiblenitating and controlling
processes, making decisions, and retrieving infiondrom long-term
memory.

The phonological loop (PL): a subsidiary systemHoiding and handling
sound and speech.

The visuo-spatial working memory (VSWM): holdingdamanipulating
nonverbal material.

Baddeley and Hitch (1974)
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Working memory encodes information from sensory mmemand long-term memory
(Ashcraft, 1994). Thus, when a stimulus (sight,rehusmell, touch, or taste) is attended,
by paying attention to this stimulus, the inforroatitransfers to the working memory.
After, the information is processed in the workimgmory, it will be stored in the long-
term memory. Because of its critical importancéearning, working memory is discussed

in more detail in the following chapter.

Long-Term Memory

Long-term memory is the permanent information sttires like a library with millions of
entries and a network that allows them to be netdefor reference and use (Eggan &
Kauchak, 2007). The long-term memory is responditMeeceiving the information from
working memory and storing it on a relatively penmat basis for retrieving. Johnstone
(1997) stated

“We store information which is potentially importamr interesting, or useful.
We ignore or discard information which is more iivor unimportant. This is

a personal process and for that purpose memory aseariety of functions

such as: pattern recognition, rehearsal, elaborgtiorganizing. We seek for
patterns as we try to connect the new informati@h existing information in

order to make sense. We discard the new informatioen it does not make
sense to us.”

The Long- term memory can be thought of in termthcée different kinds of storages:

Episodic memory,
Semantic memory and
Procedural memory

(Eichenbaum, 2003; Squire el al., 1993; Tulving)3P

Semantic Memor)
Concepts,

principles,
facts and roles

Episodic Memoty

Procedural Memory

Figure 2-4: Long-Term Memory Subcomponents
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Episodic memorgomprises of events and images of experience @eghrby place and

time (Tulving, 1993). It is “our memory of persordperiences, a mental movie of things
we saw or heard” (Slavin, 2006). Long-tesemantic memorgomprises of the facts and
generalized information that we know; conceptsn@pies, or roles and how to apply
them, the skills of solving problems and learnirtategies (Slavin, 2006). Semantic
memory refers to a permanent memory that is redpengor storing general world

information and knowledge such as the knowledgdanofuage and other conceptual
information (Ashcraft, 1994; Baddeley, 2004 rocedural memoryefers to memory for

procedural knowledge “knowing how” rather than “inog what” (Solso, 2001). It stores
the procedure for doing something, especially ssjay tasks such as how to walk, how to

drive, how to swim.

There are several differences between working ang-term memory in both capacity and
duration:

Working memory holds the information that is re¢gmeixperienced and
activated, whereas long-term memory holds the médion that is well learned.
Whereas working memory is limited to about sevess jpir minus two, long
term-memory's capacity is vast and durable.

Working memory holds information for a matter o€seds. In long-term
memory, once information is securely stored, it @@nain there permanently.

Processes
Sensory Memory Working Memory Long-term Memory
Code Sensory feature Acoustic, visual, semantic, Semantic, visual, knowledge;
sensory feature identified and  abstraction; meaningful images
named
Capacity 12-20 item .... to huge 7 + 2 items Enormous, virtually unlimited
Duration 250 msec to 4sec About 12 sec. indefinite
Longer with rehearsal
Retrieval Complete, given proper Complete, with each item being Specific and general information
cueing retrieved every 35 msec. available, given proper cueing
Failure to Masking or decay Displacement, interference, Interference organic
Recall Cause decay dysfunctioning, inappropriate

cues

Figure 2-5: Characteristics of components of cogriite storage System (Slavin, 2006)

Long-term memory retention can be supported byrsévactors. The most important
factor is the degree to which students have leatinednaterial in the first place (Bahrick
& Hall, 1991). Although, higher-ability studentshaeve more at the end of a course, they
often lose the same proportion of what had to benkd as lower-ability students (Slavin,

2006). Another factor contributing to long-term nmwm is instructional strategies that
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involve students actively in the lessoitsid). For example, Specht and Sandling’s study
(1991) compared undergraduate students who leam@ating by traditional lessons with
others who are taught through role-playing. Thayntbafter 6 weeks that students who are
taught traditionally lost 54 % of their problem-goly performance whereas students who
are taught through role-playing lost only 13 %islivell known the role playing is a very
powerful tool in attitudes development becausenitolves the bringing together of
dissonant elements in long term memory (Reid, 1980% likely that role playing will
also bring together cognitive elements and thegmes of these links will aid problem
solving (Reid & Yang, 2002b). This probably expkithe finding of the Specht and
Sandling’s study (1991).

Processing in Long-term memory: Storage and Recall

The sensory memory transfers information to thekimgr memory through the attention
process. Through the rehearsal process the infmme¢mains in the working memory,
and then transfers to the long-term memory. Ena@pdinlong-term memory requires
attention and rehearsal. Ashcraft (1994) defindetaesal as “a deliberate mental process
that can form a long-term memory trace, a reconepresentation of the information.” (P:
58). Comprehension is another method that invofueslamentals of straightforward
rehearsal (ibid). Atkinson and Shiffrin (1968) segted that there are two effects of
rehearsal: (1) to maintain information in the wakimemory; and (2) to also store the

item in long-term memory. Johnstone (1997) refetoetbur ways for storing as following:

“The new knowledge finds a good fit to existing Wwiealge and is merged to
enrich the existing knowledge and understandingréotly filed).

The new knowledge seems to find a good fit (oeadtla reasonable fit) with
existing knowledge and is attached and storedttiatmay, in fact, be a misfit
(a misfiling).

Storage can often have a linear sequence built igt@and that may be the
sequence in which things were taught.

The last type of memorisation is that which ocauingn the learner can find no
connection on which to attach the new knowledge.”

Johnstone (1997)

Storing is one side of the processing, the otk & retrieving. Obviously, retrieving is as
important as storing and as Ashcraft (1994) argi\that good does it do to store
something in the memory if you can't retrieve itemhyou need it?” Retrieval depends on
the way of encoding during learning. Baddeley (908thted that information can be
encoded in long-term memory into the verbal codgygtem, which is linguistically

modified information e.g. words, stories, discoursethe imaginable coding system which
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is modified for non-verbal information such as press, sensations, sound. Tulving and
Thompson’s (1973) argued that information is endod@#o long-term memory not as

isolated items; instead each item is encoded iotbomemory representation.

2.9 Conclusions

This chapter has attempted to review the geneeahileg theories that link to learning
mathematics, as well as the theories of learninghemaatics. One example of general
learning theories that offers a specific applicatio mathematics is the behaviourist
approach, even though it is out of favour with medticationists today. Dienes (1973, p:
5) indicated that behaviourism was out of favoargclaming that “... no one today doubts
any more the fact that the stimulus-response ogldéads to a training which most of the
time induces mental blockages...”. Whereas, spedabst the brain functioning still

emphasise the crucial role that recurrence playsrmng knowledge in the mind, and as
Orton (2004, p:176) states “There is clearly andngmt distinction between thoughtful
and necessary repetition and practice on the ond, lzmd mindless and potentially mind-

numbing use of routine stimulus-response activitieshe other.”

The cognitive learning theories which were preseiitg Piaget are the alternatives to the
behaviourist approach and an important insight theogrowth of emphasis on cognition.
Information processing theoriemnd constructivism theories are the most sigmficanes
among cognitive theories. Constructivism is seem atew of cognitive development in
which children actively build systems of meaninglamderstandings of reality through
their experience and interactions arose from thiBeeavork of Piaget (DeVries, 1997).
Meaningful learning which presented by David Audui®68) incorporates results and
concepts described by Piaget and also censuresnthesiastic belief in discovery learning
efficiency. Information processing theorng concerned with the way information enters
our minds through our senses, how it is storednoh r@trieved from memory rather than
with the learner's nature. It was appealing becatus®ffers useful experimental
methodology as well as an accessible language gMill993). In the information
processing models, the structure of effective learis seen in such a way that it can be
stored usefully in the long-term memory. Knowledgeseen as something coherent and
holistic, which provides sustenance for later leagn(Atkins et.al 1992). All mental
learning processes take place in the working mem®dhgrefore, the characteristics of
working memory and its’ contributions to learningtimematics are highlighted in the next

chapter.
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Working Memory and Learning Mathematics
3.1 Introduction

The dissatisfaction in the early 1970s with theaidd a single short-term storage and
processing system, which is described in Atkinsox &hiffrin’'s (1968) model, led
Baddeley and Hitch (1974) to suggest a multi-conembnworking memory. The
subcomponents of working memory are the executietrol system and two slave

systems: the visuo-spatial working memory, andptfenological loop.

Many cognitive psychologists have claimed that wagkmemory plays a crucial role in
learning processes, and they support their claignstbdies demonstrating close links
between working memory capacity and measures ofhilgg and academic achievement
(Adams & Hitch, 1997; Mclean & Hitch, 1999; Bull &cerif, 2001; Christou, 2001;
Towse & Houston, 2001; Jarvis & Gathercole, 2008nazi, 2004; Holems & Adams,
2006). The aim of this chapter is to look at thter&ture of working memory and its
implication in the mathematics field. This chapisr divided into six sections. The
definition and subcomponents of working memory explored in the first section. The
second section discusses the function of workingharg. The third section approaches
the measurement of working memory. Working memoperation in mathematics

education is approached in the fourth sectionénféfiowing way:

Central executive and mathematics
Phonological loop and mathematics
Visuo-Spatial working memory and mathematics

Working memory and achievement in mathematics

Then, working memory limitations and overcoming king memory failure are discussed

in the fifth and sixth sections.

3.2 Definition and Components of Working Memory

In recent years, the notion of short-term memory Iheen developed into the concept of
working memory. Working memory is a system provigitemporary storage and
manipulation of the information that is supposetacessential for creating important links

between perception and controlled action. ReisbE9§7: 143) statesWorking memory,
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it seems, deserves its name: it is indeed the Wax&mf cognition. But if working memory
is to serve this function, then it must be capalblstoring and working with all the diverse
content that we can contemplate and attend — pstand words and smells and abstract

ideas, to name just a few.”

Johnstone (1984) distinguishes between short-teemany and working memory and
introduces an explanation for the distinction beiwehem. For remembering a set of
numbers, like phone number, this process occursun short-term memory and no
processing is taking place to recall it in the saomder within a matter of seconds.
However, to memorise them backwards, a working ggsenust take place and the short-
term memory is now called working memory. Esselyti@hort-term memory and working

memory are the same space but the use definesutine. n

Johnstone (1984) introduced a definition of workingemory from the educational
viewpoint as‘that part of the brain where we hold informatiowprk upon it, organise it,
and shape it, before storing it in long-term memioryfurther use.”The working memory
space is very limited in terms of both its capa¢#snount of information it can hold) and
its duration (length of time it can hold informat)o Furthermore, working memory space
depends on the age of the individual, and as Mi(#956) showed from memory
experiments, the average capacity is about sevengolminus two 1+ 2) separate chunks.
Chunking is the process of grouping into units wtgould be a single number, a letter, or
many pieces of information, and the nature of ttms plays a major role in the capability

to recall.

Baddeley and Hitch (1974) suggested one of the nrdktential models of working

memory. Based on their findings, they conceivedt tiwarking memory as a multi-

component system; the central executive is aidedway peripheral and independent
systems — the phonological loop and the visuo-apatorking memory — that temporary
store verbal and visuo-spatial information. Thiedtetical framework illustrates a
development of earlier models of short-term storésyeh as the model of Atkinson &
Shiffrin, 1968).
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Figure 3-1: Model of Working Memory (derived from Baddeley's Model)

It is arguable that theentral executivesystem is the most important of the three
components of the working memory model becauseritrols the allocation of resources
between the phonological loop and visuo-spatialkimgr memory. The central executive is
considered to be multi-functional and complex, drete is a considerable debate about the
precise nature of its function (Bull & Espy, 2008)iyake et.al, (2001) proposed that
visuo-spatial working memory has a closer relatigmsvith the central executive than the
phonological loop, and visuo-spatial working memaean store more information as a
whole. Although the central executive is the maspartant, it is the least understood

component of the working memory (Baddeley, 2006).

The phonological loofis a slave system that specialises in processimdainguage-based
information. Baddeley (1999) proposed that the phagical loop can be divided into two
subcomponent$2assive phonological stoiis able to hold verbal information, for example
before the memory trace vanishes or is refreshethdarticulatory controlprocess(the
second component), which is an active phonologielaéarsal mechanism. Bull & Espy
(2006) clarified the characteristic of the phonatadjloop as followsInformation held in
the phonological store is subject to decay, unlgssan be refreshed by sub-vocal
rehearsal, a process akin to repeating under ohessth the information one is trying to
retain. Sub-vocal rehearsal, then, can be disrudigdsecondary tasks that also use the
verbal resources of the PLVisually presented material (e.g. written matgan be also
converted into an articulatory code by the artitara control process and then it will be

transferred to the phonological store (Baddele®7)9
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Phonological
store

Articulatory
control process

Figure 3-2: The phonological loop

(Source: www.simplypsychology.pwp.blueyonder.co.uk

Many researchers have used this phonological Id@pacteristic to study its processes,
using the secondary or dual-task methodology (Lel€atg, 2002; Furst & Hitch, 2000;
Logie et.al, 1994). There are basic phenomena associated hétiplionological loop as
follows (Logie, 1995; Baddeley, 2006):

The phonological similarity effecis the clearest phenomena associated with the
phonological loop, and it refers to the fact thetall of a series of words or letters is more
confusing when these words or the letters sourke.alfor example, sequential recalling
for a series such &Mat, Cat, Fat, Rat, Hat, Chatis more difficult than a sequence such
as“Bus, Clock, Spoon, Fish, Grate, ManThis phenomenon results from the confusion of
the similarity of the verbal items that comprised the phonological to one another
(Baddeley, 1966a; Conrad, 1964).

Irrelevant Speechefers to the disruption that occurs from presenirrelevant speech,
while the recalling process is held. Salame & B#ed€1982) discussed the disruptive
effect of irrelevant speechThis kind of speech involves the conveying ofaslenot
relevant to the task in hand. The irrelevant spemdesses directly the phonological store,

thereby disturbing its contents.

Word length effects a phenomenon where recalling sequences of ‘eorgls such as
“University, Aluminium, Hippopotamus, Mississippefrigerator” is less well done than
short words sequences such“Bsn, Book, Chair, Greece, Nail(Baddeleyet.al1975).
The interpretation of the word length effect isttltamg words take a longer time to say or
rehearse, allowing a greater degree of trace déway,will be less well retained (Baddeley
et.al,1975; Logie, 1995; Baddeley, 2006).
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Articulatory Suppressionis a dramatical collapse in retaining a verbal sege when
subjects are concurrently required to repeat aludrelevant speech sound suclitas,
the, the”or “hiya, hiya, hiya” (Levy, 1971, 1975; Murray, 1965, 1968).

The Visuo-spatial working memoiy a second slave system of working memory which
parallels the phonological loop for processing &isand spatial information. Evidence
from a number of sources now proposes that theowsgatial working memory may
involve two subcomponents: one for maintaining &lsinformation and the other for

spatial information (Pickeringt.al 1998. Pickeringt.al 2001).

Hue and Ericsson (1988) found visual similarityeets in instant recall of unfamiliar
Chinese characters. Frick (1988) argued that imegeisual-spatial memory are unparsed
and uncategorised. He reported when visual confusicors occur in retention of letters
there appears to be independent degradation of pathe letter, so the letter ‘P’ might be
recalled consequence of the similarity effect asRin However, the attention that has
been paid to study this slave system is much less the phonological loop. Baddeley
(2006) justified this because of the absence affaand standardized set of stimuli such as
those provided by the languages, visual informasomuch more difficult to quantify. He
continued (p: 13)It seems likely that the visuo-spatial system pidly a crucial role in
the acquisition of our visual and spatial knowleadehe world: What color is a banana?
How does a bicycle work? How do you play a DVD? Hwaw | find my way around my
hometown? Whereas we have many tests of langudbe kvels of phonology, individual
word meaning, and text comprehension, we appedadk well-developed measures of
visuo-spatial world knowledgeHowever, Baddeley draws attention to the compergsat
properties for studying the visuo-spatial workingmory and the important of vision and

visual attention.

3.3 The Function of Working Memory

According to Miller (1956), the function of shodrtn memory is to hold the information
without manipulating. He found human beings caneusiind and remember no more than
seven plus or minus two items of information ain@et Johnstone and Al-Naeme (1991)
indicated that working memory fsvhere a set of functions are dynamically takingqs:
selection of input, temporary memorization of sepsaput, appeal to long-term memory
for complementary input, searching and matchingn& making’, sending of ‘shaped’

information to long-memory”thus the emphasis should be placed more oftenhen t
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‘working’ and less on the ‘memory’. Working memadngs two important functions, and

Johnstone (1997) refers to these functions of thkkiwg memory space (WMS);

i. It is the conscious part of the mind that is haddideas and facts while it
thinks about them. It is a shared holding and tinigkspace where new
information coming through the perception filternsoiously interacts with
itself and with information drawn from the long{teimemory store in order
to make sense.

ii. Itis a limited shared space in which there iséraff between what has to be
held in conscious memory and the processing aiesviequired to handle it,
transform it, manipulate it and get it ready foorage in long-term store. If
there is too much to hold then there is not encamice for processing; if a
lot of processing is required, it cannot hold much.

3.4 Measurement of Working Memory

Educators have been concerned with working memaasuwrement for more than century,
and there are numerous techniques devised to nesdmucapacity of the working memory
space. Baddeley (1997) indicated that Jacobspit® the measure short-term memory
in 1887 was the first recorded attempt for educatiopurposes. Jacobs invented a
technique to assess their students' mental caggothere the subject was presented with

a sequence of items, such as numbers, and askeple@at them back.

The Digit Span TaskDST) is one of the devised techniques which wseduo measure
working memory capacity for many years. In thiktabe examiner reads a sequence of
digits in a rate of time one item per second (é83,4") and the subject must immediately
repeat them back. The sequential digits are readhgects in an even monotone, in order
to discourage any grouping likelihood of the iteomsthe basis of intention and prosodic
information (Pickering, 2006). If the subject susde in repeating the sequence without
any error, he is given a slightly longer list, asw on. This procedure continues until the
subject starts to make errors. One obvious linoitatf the DST is that it measures the
functioning of the phonological loop (Pickering,0&), rather than the working memory.
Others factors which may limit the individuals’ fimmance on the DST include whether
they pay attention when the items are presentedt, liearing ability, and their capacity for
speaking out (ibid). Nonetheless, the test givassistent results when compared to the
digit backwards test (see below) and the figurrsection test (see El-Banna, 1987)

The Block Recall Subte@®RS) is a test based in visuo-spatial memory @elvisy Corsi

(1972). Corsi's block task has been used in exparial and neuropsychological work to
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measure a visuo-spatial working memory. Recentlg, task has been conceptualised as
the measure of the spatial subcomponent of theosgpatial working memory (Logie,
1995). In this test the examiner uses a boardl@ohanine identical cubes (blocks), where
a number from (1 to 9) is printed on one side atheblock and fixed in a random
arrangement (Pickering, 2006). A sequence is tappedn the blocks by the examiner,
and then the subjects are required to repeat tneesee in the same order as they have

been shown (ibid).

Visual Patterns TegtVPT) was devised by Della Sala and colleagueS9{1% measure

the visuo-spatial working memory of adult neuropjlogical patients. It is a measure of a
different aspect of visuo-spatial working memorwndtioning from the Corsi blocks task,

as experimental and neuropsychological researcicatet! (Pickering, 2006). Pickering

(2006) explained the VPT as followinffhe task involves the recall of two-dimensional
matrix patterns. Each pattern is formed by comborabf equal numbers of black and
white squares in a matrix. After having seen aguattfor 3 seconds, the participant is
asked to recall the location of the black squargsrarking onto an empty matrix of the
same size. Patterns increase in complexity as tiraber of black and white squares
increase. This allows the user to measure visudtepa span — the number of target

(black) squares that can be held in immediate mgriidP: 256).

The Digits Backwards Te@DBT) is a device that measures the working mentapacity
using the auditory sensory memory. In this test,ékaminer reads to the subjects a series
of digits and asks them to write them in reversenrFor example, 76895 would return as
59867. Every digit is read to the subjects in & @it one digit per second and the same
time is given to recall after the reading of theolkehseries is over. After the subjects finish
the task, they will receive a new task with a ggeaumber of digits and so on. When the
subject begins to make mistakes this infers thattbrking memory cannot hold that long
series of digits and his upper limit is taken tothe capacity of his working memory. This
test is more complex than the recall of digits amfard order and therefore it measures
more than a simple function of the phonologicalplodt is also known a§he Digits Span
Backwards TegtDSBT).

The standardised Figure Intersection T€StT) is another test to measure the working
memory capacity, but it depends on the visual sgnsemory in perception processes.
This test was modified and used by Pascual-LeodeSanith in 1969. In every task, the

subjects are asked to find the overlapping aremsgt of simple shapes, which intersect to

form a complex design. As the number of figuresréases, the task becomes more

41



Chapter 3

complex. There are many complex designs and eveeyhas from two to nine simple
geometric shapes intersecting, and the subjects chetermine the overlapping area

between these shapes.

In this test, the separate shapes are locatedeangtit hand side, the subject is required to
look at these shapes, and then he must find artkshahe common area on the left hand
side where the same shapes have intersected ¢see 8-3). Mathematically, the required
area is called the intersection of the individuages. The highest number of shapes that a
subject is able to find the intersection of thelsepes is considered to be the size of his or
her working memory space capacity. For exampléhafworking memory space capacity
of a student equals five (X = 5), this means thisient is able to find the common area of
2, 3, 4 and 5 overlapping shapes, but he failsno the correct area for more than five

overlapping shapes.

O

B

Figure 3-3: Example (1) of the Figure Intersectiormest

In this case (figure 3-4) an extra shape has bddad (this irrelevant item may appear in
the compound form of figures but not in the diserietrm), to see if the subject is able to

select only the relevant shapes.

4 I
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S

Figure 3-4: Example (2) of Figure Intersection Test

In order to test the consistency of these testsBdfina (1987) employed these two
psychological tests in his project. He found tha® Hut of 754 students (70% of the

sample) obtained the same scores in both tests®BTFIT, and this result reinforces the
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validity of these tests. It is worth noting thateotest is based on number and other based

on visual- spatial.

3.5 Working Memory in Mathematics Classes

Working memory is the mental workspace which carubed flexibly to hold cognitive
activities that require both processing and stardgntal arithmetic is a good example of
activity that occupies working memory space (Allgw&006). Attempting to solve a
multiplication task such25” 37mentally for a beginner student, requires a spadeotd
these two numbers in it, and another two spacesafglying multiplication rules to
calculate the products of sequential pairs of nusibEhen, adding the products to get the
correct answer requires another space (expertsus@yanother way to solve this task).
Figure 3-5 illustrates the sequential mental preegsequired to solve an arithmetic task

without using a pen and paper.

\

..... Long-Terem Memory -
I Multinlication Riules !

Figure 3-5: Mental processes of solving an arithmit task

These processes occur in successive ways, anch@mguption or distraction such as an
unrelated thought springing to the mind, will résg in losing the stored information
completely (Alloway, 2006). He argues that the igpilo perform such calculations is
limited by the amount of information that has to dtered and processed; and we would
not be able to keep in mind some information wipifecessing other materials without
working memory. He added multiplying larger numbgrg., 142 and 891) ‘in our heads’
is out of the question for the majority, even thioutgdoes not require more mathematical
knowledge than the previous example. The interpoeteof that is storage demands to

solve such activities overloads the working memory.
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Alloway's example was used by him to clarify thenmta processes which are held in the
working memory, so the restriction on using pen aager or calculator was imposed.
However, mathematics as a subject has many skillsnauch procedural knowledge that
students must acquire by practice to support aayaof problem solving strategies.
Moreover, mathematics concepts are built in a hidwieal structure and lack of mastery of

earlier content can lead to failure in understagdie higher-level concepts.

It is clear that working memory may be engaged isdvemes in solving any mathematical
problem. Solving mathematics’ problems requires shedent to hold information in

working memory storage and retrieve other infororafrom the long-term memory. Thus,
student's ability to hold, handle and update infation in the working memory is a crucial
feature in mathematics competence for all ages.rth&unore, Bull & Espy (2006)

indicated that many studies have shown that sgiféibility, or mental flexibility, plays a

crucial role in the mathematics competence of oktadents, where more complicated
mathematics tasks such as multi-digit addition amdtiplication may require the student
to shift between procedures and interim solutianewen shift between multiplying and
adding (Bull & Johnston, 1997; Buét.al 1999; Geary, 1990; Geary & Brown, 1991;
Gearyet.al 1991; Gearyet.al, 1992; Gearyet.al, 2000; Jordan & Montani, 1997; Ostad,
1997). Furthermore, mathematics skills requireamy basic storage functions engaging
the working memory slave systems (the phonolodmap and the visuo-spatial working

memory), but also the intentional control functi@ighe central executive.

3.5.1 Central Executive and Mathematics

The functions of theentral executivere involved in retrieval from long-term memory,
planning, dual-task performance and switching oditegies (Baddeley, 1996b; Duncan,
1986; Baddeley, et. al 1991; Duff & Logie, 2000). recent years, the function of the
central executive and its relation to learning psschas been considered carefully. Several
studies correlated central executive functioninghvearning disabilities (Russell et. al,
1996; Swanson, 1993, 1999), language and compriehepsoblems (Lorsbaclet .al
1996; Hughes, 1998) and mathematics skills (BulS&erif, 2001; Cirinogt. al 2002;
Gatherecole & Pickering, 2002a; Mclean & Hitch, 2R9The central executive may play
an important role in mathematical calculation. Tdupported by various studies have been
required to complete two tasks at the same timeh Basks are thought to involve the
central executive and there is evidence that osleitderferes with the other (Hecht, 1999,
2002; Logieet.al, 1994). It is also related to subtraction (Geetrgl, 1993), multiplication
(Seitz & Schumann-Hengsteler, 2000); and divisicefévre & Morris, 1999).

44



Chapter 3

Dual- task studies propose that the central exezuthay play an important role in
calculation (Holmes and Adams, 2006). Concurremtcative functions have been found
to disrupt single-digit addition and multiplicatiq®eitz & Schumman-Hengsteler, 2000,
2002); suggesting that the Concurrent functions support the retrieval of number facts
from long term memory (Holmes and Adams, 2006).l@mdisruptions of Concurrent
functions have been reported for multi-digit addhitand multiplication problems (Lemaire
et al 1996; Seitz & Schumman-Hengsteler, 2000, 2008naire & Sigler (1995) thought
that the central executive is crucial for the aghiment of new solution strategies and for
shifting between learned solution strategies two" key skills that are important for

mathematics proficientyHolmes and Adams, 2006).

To understand the functions of the central exeeuiivis possible to consider an example
of mathematical activity that occupies the workingmory space, even with the allowance
of the use of pen and paper. In geometry, the pasgented in figure 3-6 demands high
working memory capacity to hold information thatétrieved from long-term memory to

find the size of the angle.

~
cd || ak
Lach =100° —»
Lidah =77

o

Figure 3-6: Geometry example from the syllabus ofrgde nine in Kuwait

Student should retrieve all the following geomedtrknowledge to get the angle’s size:

All radii of the circle are equal (ac = cb).

Isosceles triangle principles (angles oppositectiregruent sides are equal).
The three angles of a triangle add up to 18&X - 100 =80°, 80°, 2=40).
Principle of Parallel Lines (two alternate angles equalbcba=bbcd = 40°).

Central angle is twice the measure of the inscréregle @dab= %Dbcd =20°).

All this geometrical knowledge must be retrieveds@guential order to reach the correct
answer, and lack of mastery of any earlier contantlead to failure to solve this question.
Thus, the central executive works on controlling irocess of recalling avoid working

memory overload.
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3.5.2 Phonological Loop and Mathematics

Many studies have investigated the relationshipieen the multi-components of working
memory and learning mathematics. Researchers hawed f significant correlations
between mental arithmetic in children and the phagio loop (Adams & Hitch, 1997;
Towse & Houston, 2001; Jarvis & Gathercole, 2003} role of the phonological loop
also has been explored in adult counting (Logie &d@eley, 1987) and arithmetic
(Ashcraftet al, 1992; Logieet al, 1994; Lemairet al, 1996). Holmes and Adams (2006)
indicated thephonological loopis thought to be important for the attainment omber
facts in early childhood. Learned number facts faomplete networks in long term
memory between mental arithmetic s and the phoregbtpop. However, the association
was no longer significant in an adolescent poputatReuhkala, 2001).

The teaching and learning processes take placaughrdhe medium of language.
Mathematics is considered to be the language ehsej and as Baroody and Standifer
(1993) indicate, For children, Mathematics is essentially a secondooeign language.”
The translation of ordinary language in mathematits the symbolic language creates a
conflict of exactitude which leads to overload bé& tworking memory. The usage of
common vocabularies in mathematics causes ancgingudge problem, because their

meanings in the mathematics context differ fromrtbemal English usages.

Gardner (1972) examined the accessibility of wdadstudents at a number of levels in
secondary school by testing commonly used wordsience and the results showed:

“Pupils lacked precision in their use of words dsey moved from context to
context.

Students were easily confused by words (whichn@alike’ or ‘look alike’.

In a significant number of cases, students chosmnmeg exactly opposite to the
accepted meaning.

There was an improvement in performance with age.”

Durkin and Shire (1991) demonstrate that one offélaéure in mathematics is that the
meanings to convey them are often endowed withr atteanings, which may be more
familiar to children in every day language and toeabulary of mathematics includes
many words which have multiple meanings and tresvidence that students often fail to
interpret the words as teachers intend them. Gasseld Johnstone (1983) have
emphasised the great problems, which are causea ndnenal words are used with precise
meanings. Macnab and Cummine (1986) specify wotd$ soot, solution product

matrix, differentiate integrate, functioncoordinate prime factor, multiply, power, index
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whose use in the mathematics context cause difésulof the semantic confusion
involved. Durkin and Shire (1991) also listed algabf individual common ambiguous
words (multi-meaning), used in mathematics and theguss the meaning of each word is
likely to have for child before he or she encousiiein a mathematical context at school
(Table p: 74). In this case, the mathematical mepaf the words and holding information
occupy the student’s working memory space. Theegeftere is no empty room or space

for manipulating this information.

3.5.3 Visuo-Spatial Working Memory and Mathematics

Visuo-spatial ability is believed to play a cruaiale in learning mathematics, particularly
in geometry. Several studies have indicated theortapce of visuo-spatial ability in
mathematics performance in children (Reuhkala, 20Bdrvis & Gathercole, 2003;
Maybery & Do, 2003). Evidence from the adult popiola indicates that theisuo-spatial

working memoryproceeds as anfental blackboard to encode material, retain, and

manipulate it during calculation (Heathcote, 19bdovich & LeFevre, 2003).

Studies with children of specific mathematical idiffties have shown that they typically
perform poorly on visuo-spatial span measures (Mck& Hitch, 1999; Whitet.al, 1992),
which suggests that they may have a deficit inoAspatial working memory (Holmes &
Adams, 2006). Mazzoccet.al, (2006) argued thdfThere are many possible routes by
which visuospatial difficulties may interfere wittathematics performance. There may be
deficits in basic skills, such as in the developmeha mental number line; or in
mathematical procedures, such as in the propernatignt of digits in arithmetical
calculations”. It is noticed that there are several phenomerecedsd with visuo-spatial

working memory from my experience as a mathemé&t@sher as follows:

Shapes Similarity effectThe confusion which occurs from attempting to idggiish
between shapes that look alike, such as paralliogr squares, rhombuses, and
rectangles. The similarity of these shapesB and C in figure 3-7 may confuse the
student’s visuo-spatial working memory. The stugldmve to recall the features of the
diamond in order to answer a question like:

a7



Chapter 3

Which aof thase shapes is a rhombus?
A @ E E E C I‘

Figure 3-7: Example of shapes similarity effect

Irrelevant PicturesThe confusion occurs because irrelevant itemsnataded in the task.
For example, in figure 3-8 if the students wereedsio get the intersection betwekig B
Sets, the seT will confuse their answer. Some of them will wi& 4, 5} instead of {5}.

Figure 3-8: Example of Irrelevant item
Complicated shape effecthe confusion arises from very complicated figuo@staining a
lot of information. Such figures as these imposehe visuo-spatial working memory a

heavy load which may lead to failure (figure 3-9).

Wog=0g

Figure 3-9: Example of Complicated Shape

Inaccurate spatial representatioithe confusion arises from the inaccuracy in thevarg
of geometrical figures. The inaccurate drawingewfgths in figure 3-10 may confuse the

student. As it can be seeaq = 3cmandbc=7cm but, in figure 3-10, these two lengths are

too close to each other.
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Figure 3-10: Example of inaccurate spatial diagram

3.5.4 Working Memory and Achievement in Mathematics

The main focus of this section is to investigate tbrrelation between working memory
and achievement in mathematics. Mathematics isrplicated field and requires students
to use cognitively demanding skills to solve maasks. Many researchers have shown the
close relationship between students’ performancenathematics and their working
memory capacity (e.g. Mclean & Hitch, 1999; Bull Scerif, 2001; Christou, 2001,
Alenezi, 2004; Holems & Adams, 2006). Students’ligbito hold and manipulate

information has been found to be a crucial fagtanathematics performance for all ages.

It is assumed that the procedures used in mathslgone are reliant on the working
memory system. Thus, the competence of studentspwidr working memory capacity is
affected. There is growing evidence that poor wagkmemory function is a feature of
children with learning disabilities in literacy aumeracy or in both areas (Bull & Scerif,
2001; de Jong, 1998; Mayringer & Wimmer. 2000; 8ief Ryan. 1989; Swanson, 1994;
Swansoret.al, 1996). Evidence shows the relationship betweenasie working memory
demand and the sudden collapse of achievementtudy ®f Jonhstone and El-Banna
(1989) showed a sudden collapse in performanceemistry test items when the load of
information exceeds the student's working memorgac#ty. They argued that if the
student’s working memory capacity is exceededparformance should fall unless he has
some strategy which enables him to structure thestgpn and to bring it within his
capacity. The following chart (figure 3-11) showsamparison of students’ performance
in chemistry examination for all groups of differed-space (X-space is the working

memory capacity).
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Average Student
Performance
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ing Memory =7
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Figure 3-11: Comparison of the average student pesfmance for all groups of different X-space
(simplified from Johnstone & El-Banna study, 1989)

It can be seen from figure 3-11, for all groupsliffierent X-space, a rapid collapse occurs
in students’ performance when the task demands imgprknemory space to handle
information more than the student working memonyacity.

Recent evidence shows that working memory is abigi indicator of mathematical
disabilities in the first year of schooling (Gerstt.al, 2005). Students with mathematics
difficulties:

Are less likely to use direct memory recovery ttvs@rithmetic tasks (Geary
et.al,1991; Bull & Johnston, 1997).

Count more slowly and inaccurately than childrethwormal ability (Geary
et.al,1991; Gearyt.al,1992; Bull & Johnston, 1997).

Have weak or incomplete networks of number facteriig term memory
(Gearyet.al,1991; Hitch & McAuely, 1991)

Typically perform poorly on measures of phonolobioap function (Siegel &
Linder 1984; Hitch & McAuely, 1991; Bull & Johnsten1997; Passolunghi &
Siegel, 2001).

Holmes and Adams (2006)

Another study in mathematics showed a collapsetudesits’ performance in solving
algebra problems when the questions demanded rapexity that the working memory
capacity of the student (Christou, 2001). Figur&23shows the sudden collapse of
students’ performance in all groups of differenspace in solving algebra problem story
when the questions demand higher working memorgagp

50



Chapter 3

Average —
<
Student — WM _6
Performance WM=6
(%) WM>6
100 -
90 <
80 <
70 A
60 4
50 4
40 +
30 A
20 -
10 -
o T T T T T T T
1 2 S 4 5 6 7 8
Ouestion Working Medmory Demand

Figure 3-12: Comparison of the average student pesfmance in mathematics for all groups of
different X-space (Christou study, 2001)

Christou (2001) found high correlation between esinent in mathematics and working
memory capacity (r =0.4, p< 0.001). One of the mgortant results was reported by
Alenezi Study (Alenezi, 2004). She found strongrelation between working memory
capacity and mathematics’ achievement in Kuwa#0(62, p < 0.001). A study in England
presented by Holmes & Adams (2006) examined theribomion of the different
components of the working memory model to a rarfgeathematical skills in children
(number and algebra, shapes space and measurdbndatata, and mental arithmetic) ,
provides additional evidence for the involvement wdrking memory in children’s
mathematics. They found significant correlationwestn mathematics ability and the
different components of the working memories fokow

Central executive scores were significantly reldtechathematical abilities (at
>0.30, p<0.01).

Visuo-spatial working memory scores were also edlaignificantly to
mathematics abilities (als > 0.30, p <0 .01)

Phonological loop scores were only related to miemidometic ability (r = 0.21, p
<0.01).

Gathercoleet.al (2006) presented two type of explanation for theoaiation between

working memory and learning:

Model (1): Apparent working memory limitations are consetpgs of difficulties in a
particular processing field. By virtue of this, dénts with poor reading skills may gain
low scores in translating the real-life problemsnmathematics into algebra symbolic
manner due to their deficit to meet the reading@ssing demands and, as a consequence
of this, perform the task badly. In this situatiomprking memory capacity cannot be
considered as the fundamental reason of the paating skills or the poor levels of
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academic achievement. They stated th&te evidence in support [of] this model is not

compelling” (p: 221).

Model (2): The second model suggests that working memorgaigpdirectly impairs the
ability to learn complex skills and to acquire knhedge. This explanation has much
support. For example, Adams & Hitch (1997) investtgl the extent to which children's
mental arithmetic is constrained by working memorsther than their arithmetic
performance. Mathematics calculation has been fanock precise when the numbers to
be added are visible during calculation, which pegduthe load on working memory. They
concluded that this is consistent with the notioat tworking memory is used to support
storage and processing in the course of menthhagtic.

3.6 Limitations of Working Memory

There is a general awareness that the capacitping memory is limited and has to be
shared for holding and operating processes. Owirigaoccurs when the learner tries to
hold too many pieces of incoming data. Thus, ifatiempt to do too much at once we
simply overload. Barber (1988) argued if the infation we are concerned with reaches
the upper limits of our working space, an overlogdn the capacity of working memory
could occur, and a loss in productivity may ariSaudies (Johnstone and Wham, 1982;
Johnstone and Letton, 1991) show that overloadinvgooking memory appears when the
learner is incapable of discriminating between ‘thase” (irrelevant information or that
which the teacher considers unimportant) and “sigfmelevant information the teacher
thinks are important). As we can see in figure 3HlLi8 necessary during an experiment to
recall: theory, names of apparatus, and recogniaterial, recall skills, new written

instructions, new skills, new verbal instructions.
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(3) Busy random activity
(4) Copying the action of others
(5) Role of recorder

by sharing clear aims

Figure 3-13: The effects of overloading working mewry capacity in practical work (Jonhstone &
Wham, 1982)

The study of Johnstone (1980) showed that a sudidgnin the learner’s performance was
apparent when any task load exceeded the uppeérdinthe learner’s working memory
capacity. Johnstone (1999) noted that overload dvepprery often during lectures.
Because all students' working space is devotedritingv notes based on the lecturer-
spoken words, little space is left for elaboratingm and thus understanding them. This is
very similar to what Jonhstone and Wham (1982) dowith laboratory work (figure 3-
13).

In the science field, Johnstone (1984) indicatextettare three aspects which can hinder
student learning: the nature of the science; théhaas of teaching a science; and the
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methods by which students learn. Johnstone andaBhk& (1989) examined the

relationship between working memory and problenvisgl success in chemistry. They

showed that, if the number of the items of inforiorathe students are supposed to hold in
the mind at the same time, in order to solve tlublpm exceeds their working memory

capacity, their performance will dralsamatically.

In the mathematics field, Ashcraft (1994) declatteat three aspects of mental calculation
could overload working memory; the retention of p@mary information, the length of
time of that retention, and the number of operatimmvolved in the calculation. The
Christou study (2001), which investigated the diffies of solving algebra story
problems, showed that the phenomenon of overloaafimgprking memory capacity could
be responsible for students’ difficulties in algelstory problems representation. He found
a sharp drop in performance when a task demandee warking memory space than a
student possessed.

Student ability to develop techniques to cope witbrmation overload depends heavily
on the conceptual framework already establishddsitong-term memory. It is known that
working memory is not expandable but it can be usede efficiently. Miller (1965) put
forward the idea ofchunking” which is the process of organising information aiseés
strategies to bring several items together intomimegul units. Gathercolet.al (2006)
indicated the next step after detecting a studétht poor working memory ability is to
determine the learning activities that will placeatty memory demands. Some types of
learning activities demand storing a considerableunt of material that may be arbitrary
in structure (such as a series of numbers or teeige wording of a fairly lengthy
sentence), and other activities involve the stomfignaterial while being engaged in
another activity (such as spelling or reading a neard or making an arithmetic
calculation).

Overall, working memory capacity is limited, so deading can easily occur. When
working memory is overloaded, the processing ajrmiation cannot take place unless this
information can be effectively chunked. However, Jadinstone and EI-Naeme (1991)
stated‘there is an added limitation which leads to ineféint use of this working/ holding/
thinking space. This can occur at the selectiogesta which the sensory input is filtered,
to separate out or processing, that which is deertedoe relevant, important or
interesting.” Overloading of working memory can lead to memapufes. Gathercole
et.al (2006) illustrated that memory failures occur wiiergetting the instructions, failing
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to cope with Concurrent processing and storage despdosing track in complex tasks,
and episodic forgetting.

3.7 Overcoming Working Memory limitations

Working memory problems are identified as a causéarning difficulty. Thus, it is
important to minimize the working memory demandshi& classroom activities if we are
to help students in their learning. There are sd\&ffective strategies to reduce working
memory demands and achieve success in learningtisita. Cognitive load theory
recognizes three methods that can help studeatctimmodate the limitations of working
memory (Eggan & Kauchak, 2007):

Chunking

Automaticity

Dual processing
Chunkingis the process of grouping into units: it could eingle number, a letter, or
many pieces of information. Miller (1956) found tthaman beings can remember no more
than seven plus or minus two items at a time, hadatnount of the information in short-
term memory could be increased by chunking. Thereaif the items plays a major role in
the capability to recall. It is much easier, fostance, to recall 7 letters that make a word
than to recall 7 unrelated letters. Another exanglehunks can be found when we want
to recall 14 digits for telephone number (0044146385). It is very difficult to recall this
number at once. However, we can recall this nurebsily if we remember that 0044 the
international access for the United Kingdom, 14l Itital access for Glasgow, and 330 the
access for Glasgow University. After the chunkinggess, only four digits 6565 are
needed to be recalled.

Automaticityrefers to the ability to perform a task with loweéd of awareness without
occupying the mind (Healgt.al, 1993; Schneider & Shiffrin, 1977). It is usuallyet

consequence of learning, repetition, and pract@elinary activities such as walking,
speaking, typing at keyboard, and driving a carexamples of automaticity. Stanovich
(1990) stated that automaticity is a fundamentguirement for developing higher-level
cognitive skills. It is possible after adequatphacticing an activity, to concentrate the
memory on other activities while preceding an awtticised activity. For example, people
can hold a call or speak while driving a car. Talslity can be applied in mathematics
learning, where basic operations such as additidnnaultiplication must be automatic in

the learner’'s mind, to permit the space of workimgmory to be occupied for solving a
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task. In case these basic operations are not radsteitomatically, the learner will think

about the product Gf" 9, for example, instead of solving the problem and enough

working memory space will be left to solve it (Egga Kauchak, 2007).

Dual processingattributes to benefiting from the feature of muattmponents of working

memory suggested by Baddeley (1992). Working merongists of visual and auditory

working memory, and while each is limited in capadhey can work individually. This

feature can be capitalized-on by presenting inftionan both visual and verbal forms
(Mayer, 1997, 1998; Swellet.al, 1998).

Whereas Gathercolet.al (2006) indicated three ways that the teacher ldhtake into

consideration for managing and reducing the worknggnory demands:

Ensure that the child can remember the tddkmorize activity instructions is an
important step to achieve success in learning. ,Tthesinstructions should be as
brief as possible for making them easy to rememBathercoleet.al, (2006)
advise to break the instructions down into smatenstituents where possible,
which will have also the benefit of abbreviatingcamplicated task. The most
successful way to enhance memory for the task uictbns is the frequent
repetition of them.

Use external memory aid$he utility of external memory aids will faciliea the
complex activities, which decree considerable msicg as well as storage loads.
Children, at the basic level, fall back on theiggrs to aid them to get the answers
for addition processes. Older children and adulimdoe complicated tasks and the
use of the calculators in maths classes helpsdiaceethe processing loads on the
working memory especially for students with low kiog memory capacity. For

example, the volume of conic formula might loolelik

%’ 31416 45 127.

This complicated formula requires excessive proongsand storage demands for

retrieving the decimal multiplying operation ifi# solved by paper and pencil.

Reduce processing loadSomplex learning situations may cause a comlzinadi
excessive storage and processing demands, whickragena disruption of the

student’s performance. To avoid this disruptiore frocessing load of the task
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should be cut down (Gatherco#t.al, 2006). Bull & Espy (2006) declared that
cognitive limitations do lead to difficulties in dening basic arithmetic and
mathematic skills, and to help students in theirneng, these cognitive limitations

need to be determined.

Furthermore, teachers showdoid any question that may confuse the learnerisdm
Some teachers desire to introduce a task in the tesonfuse the learner rather than to
assess his understanding of any topic. The sqoateof 16 (/16) is a good example of
such task that cause confusion for the learner.nthe students are asked ‘what is the
square root of 16, they answer 4. However, in rplgtichoice questions, the majority
choose 8 as a root of 16 even when they understencheaning of the square root. This
incorrect choice is a consequence of the confugiahoccurs in learner’'s mind from the

similarity of adding two 8s. Adding is confused wgquaring.

3.8 Conclusions

This chapter has highlighted the definition of wagkmemory, its subcomponents and
assessment. The working memory function in learpimgesses has also been considered.

The most important finding from this chapter carsbemmarised as following:

Working memory is a system responsible for progidire temporary storage and
manipulation required for any mental process.

Working memory comprises three subcomponentsceéhéral executive system,
the phonological loop, and the visuo-spatial wogkmemory, and every part has
its own function and features.

There are several techniques to assess the capaicitye working memory space,
Digit Span Task (DST) measures the phonologicap;lddlock Recall Subtest
(BRS) and Visual Patterns Test (VPT) measure theovspatial working memory;
Digit Backwards test (DBT) and Figure Intersectidiest (FIT) measure the
working memory capacity.

Considerable evidence shows that working memoryspkn important role in
mathematics proficiency.

Poor working memory is blamed for mathematicsluligees.

All mathematical knowledge is mainly transmittedotlyh the medium of
language, which itself create various difficultiaghe learner's mind.

Working memory capacity is limited and the infonmatcan be held in it for a very

limited duration.
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Working memory is not expandable but it can be userk efficiently by chunking,
automaticity and dual task techniques.

To overcome the limitations of working memory mitics teacher should:
Ensure that the child can remember the task;

Attempt to reduce processing loads in any task;

Allow the learner to use external aids if the talgmands high working memory
capacity, and

Avoid questions that may confuse the learner’s mind

The role of working memory cannot be neglectecearning mathematics; however, much
more is needed to counter the abstract, concephehhierarchical nature of mathematics
than providing storage for holding and manipulatinfprmation. Let assume that the
learner masters all mathematical knowledge the¢qgsired to solve any task, and has high
working memory capacity, is that enough to tacklatimmatical tasks. To do this
successfully, the learner needs not only workingnowg capacity but also a contractor or
organizer to organize the perception and the xethierocesses. The idea of thiganizer,
the ability to select important information fromoW information and to control the
retrieval information from long term memory is eall ‘Field Dependency'. Field
dependency which may be more important than th&ngmemory space in solving any

problem, will be the main focus of the next chapter
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The Field Dependency Characteristic
4.1 Introduction

The previous chapter discussed working memory fancin detail, and it can be
concluded from the discussion that working memday® a crucial role in the learning
process. However, in mathematics classes, much nsomeeded than simply using
working memory space to hold the information. THality to distinguish between
important or relevant items from unimportant oelievant ones, and the ability to choose
between the various techniques that are storeterndng-term memory are required to
solve any mathematics task. This ability to selgaat is important or relevant for a task in
hand is called field dependency (Witlehal 1977).

Green (1985) describes cognitive styles as comsigte in the ways in which individuals
perceive, think, respond to others, and react éor #nvironment. The idea of cognitive
styles attempts to illustrate how different indivads tend to show patterns of approaches
in learning and undertaking tasks, perhaps caugegebsonal preference, the way they
have been taught or by the way their brain workst.bEhus, the existence of such styles
offers an explanation as to why some students aelaehigh performance in some tasks
while others do not (Kirton, 1989).

Field dependency has received the most attentionebgarchers of all cognitive styles
(Daniels, 1996; Chinien & Boutin, 1993; EntwistlE981; Witkin & Goodenough, 1981).
The exploration of the polar construct of field degency began in the 1940s with
Witkin's work on human perception of the uprightsgmn (Witkin et.al, 1977; Witkin &
Goodenough, 1981; Goodenough, 1976). Witkin (12068)firmed that field dependency is
related to the theory of differentiation. The difatiation theory, on the other hand, refers
to the complexity of structure of a psychologicgtem. Students’ learning ways differ
according to their particular personality, theiarleing style, their ability and their
preferences. Some students learn quickly witrelpttactice, while others take a long time
and may need constant repetition and revision ttergtand ideas and skills. Obviously in
the field of mathematics, some students achievéebehan others; hence, there are
differences in receiving and dealing with the imi@tion. Orton (2004, p: 139) indicates
that “some pupils clearly do achieve more in their stadd® mathematics than others,

hence, there are differences. Abilities, prefersnedtitudes and motivation all contribute
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to making some pupils more successful than oth&tss chapter seeks to throw some
light on the definition of cognitive style and disses the more familiar convergent and

divergent cognitive style before looking at fieldpgndency under the following headings:

The construct of the field dependency characterist

The measurement of field dependency

Field dependency and personality

Field dependency and academic achievement

Field dependency and information processing appnesc

The effects of field dependency and working megapgcity on achievement.

Field dependency and mathematics ability
4.2 Cognitive Style

Psychologists often see cognitive styles in terfsharacteristics that the learners show
when learning. In fact, the nature of cognitivelestyis not clear: are they inbuilt or
genetically determined characteristics; are theynked; or are they preferred ways for

working. Of course they could be some combinatibthese.

The term ‘cognitive style’ is defined by Riding &alner as an individual's preferred and
habitual approach to organizing and representinépimatiori’ (1998: p: 8). this implies
some element of choice. Cognitive style is a réfiec of the essential make-up of a
person, and affects the individual's view aboutréseand ideas (Riding, 2002). This
implies a genetic basis. Thus, it affects his/lesponses to these events and his /her
decisions accordingly. It also influences indivitatitudes towards other people, and the

ways they relate to them (ibid).

The individual's style is an automatic approachlidgawith information and situations,
and the individual will not be conscious of theilyls since s/he has probably not
experienced another. However, when the individeslomes aware of his/her style, s/he
can develop strategies that help in using his/lrengths and avoid the effect of his/her
weakness (ibid). Some researchers (for exampleingRi& Cheema, 1991; Riding &
Rayner, 1998) describe cognitive style asfairly unchanging featureand tends to be
relatively fixed and in-build characteristic of andividual'. In this case, the cognitive

styles are seen, essentially, as genetic features.
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There is confusion between the concepts of cognisityle and ability. While Carroll
(1993: 554) examined several measures of stylecandluded that many of them are in
fact ability measures, other researchers (McKeh884; Riding & Pearson, 1994; Riding,
2002) referred to considerable distinction betweegnitive styles and ability. McKenna
(1984) highlighted four distinguishing features eihidifferentiate between cognitive style
and ability as following:

Ability is more focused on performance level, whsligle concerned with
performance manner.

Ability is a unipolar measure (less ability vs. mability), while style is bipolar
(visual vs. verbal).

Ability has values associated with it such that end of an ability dimension is
valued and the other is not (performance on alksasvill develop as ability
increase), while for a style dimension neither enconsidered better overall.

Ability has a narrower extent of application thawls.

McKenna (1984: p: 593-4)

The key insight here is on ‘performance manner’ ‘@eiformance level'. Thus, cognitive
style can be defined as different characterisetating to the way in which an individual
tends to perceive, remember, think, solve problerganize and represent information in
his/her mind (Usama, 2002). After reviewing varioogestigators’ descriptions of style
dimensions, Riding and Cheema (1991) brought mapgas of cognitive style together

and gathered them into two basic cognitive stytrilias as following:

“Wholist-analytic: affects cognitive style in terna$ thinking, thinking about,
and viewing and how, in responding to informatiow situations, an individual
tends to process information as a whole or in parts

Verbal-imagery: affects the characteristic mode vitnich people represent
information, either by thinking verbally or in imeg”

Wholist-analytic Styleinfluences the individual's ways of thinking, viewa and
responding to information and situatioNgholistshave a tendency to observe a situation
as a whole, and are competent to overtake its totialext. The ability to see the whole
‘picture’ assists individual to have a balancedwand attitudes. Whereaasnalyticshave

a tendency to realise a situation as a set of coemis, and they often focus on one or two
aspects of the situation (Riding, 2002; Riding &yRer, 1997, 1998, Riding & Cheema,
1991). The positive strength of the analytics isirtlability to analyse the parts of the
situation which helps them to come quickly to treath of the problem (Riding, 2002).
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Between these two extreme viewsermediatewill be able to benefit from the strengths

of wholist and analytistyles (Riding, 2002).

IO

Whaolizt View Arnelviic Fiew

Figure 4-1: Wholist & Analytic views

The second dimension Merbal-imagery Stylavhich refers to individual's tendency to
represent information during thinking verbally or mental pictures (Rayner &, Riding
1997). This style has two essential effects thdiuemce behaviour, teaching and
relationships, (Riding, 2002):

The way information is represented: this dimengiategorises people in three
types: verbalisers, bimodals or imagers.

The external/ internal focus: it influences theu®@nd kind of person’s activity
— externally and stimulating in the case of ved®mt, and internally and more
passive in terms of imagers.

< el

Imager Nivie Verbal Style

Figure 4-2: Verbal-Imager Style

Riding and Cheema (1991) split these two cognitst@e families into dimensions
(wholist-analytic and verbal-imagery), and everyndnsion has two ends (wholist,
imagery, analytic and verbal). Riding (2002: p, Ztpted These two styles are
independent of one another. A person’s positioma dimension of cognitive style does
not affect their position on the other. Howevee timy they behave will be the result of the
joint influence of both dimensicdhg his means one end of these dimensions mayriatieg
with one end on the second dimension thus giving $byles and each of them has its own

distinguishing characteristic (see Figure: 4-3).
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Analvtic (Farts)

Marabliser I ger
(Waord) fFictures)

Has fo do with fhe
way information
represented

Has fo do with the
way maferial is
sfructured

Wholist {Wholes)

Figure 4-3: The cognitive style dimensions (Riding2002)

However, the Riding model (Figure 4-3) makes sdvarajor assumptions. While the
assumption that the two dimensions are orthogenet¢asonable, the assumption that the
two ends of each dimension are, in fact, opposstesore difficult to sustain. It is highly
likely that there will be those who can functiortirexnely well as, analysers as well as
being able to think wholistically. Equally, it iedectly possible that there are those who
are poor at both skills. Similarly, there is no s@a why some learners might not be
extremely good at what he calls being a verbalidale being able, also, to see things as
pictures. Just to confuse things further, it i® gsssible that those who are good at seeing
things as pictures might well tend to see thingslhstically, simply because a picture is

seeing a situation as a whole.
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Rayner & Riding (1997) referred to models of styEaturing the wholist-analytic

dimension as following:

The wholist-analytic dimension

Field dependency

Individual dependency on a perceptual field when
analysing a structure or form which is part of the
field.

Witkin & Asch (1948a,1948b)
Witkin (1964); Witkin et.al
(1971, 1977).

Levelling- A tendency to assimilate detail rapidly and lose .
sharpenin detail or emphasise detail and changes in new Klein (1954);
P 9 . . P 9 Gardner et.al(1954).
information.
Impulsivity- . . . | Kaganet.al(1964); Kagan
reflectiveness Tendency for quick as against a deliberate respons (1966).
Converging- Narrow, focused, logical, deductive thinking rather

diverging thinking

than broad, open-ended, associational thinking to
solve problems.

Guiford et.al(1964); Hudson
(1966, 1968)

Holist-serialist

The tendency to work through learning tasks or

Pask & Scott (1972); Pask

thinking problem solving incrementally or globally and
S - (1976).
assimilate detail.
Concrete
Sequential/

concrete random/
abstract sequential/
abstract random

The learner learns through experience concrete an
abstraction either randomly or sequentially.

Gregorc (1982)

Individual preferences for seeking familiarity or

,:\isll(r)r:!?tor i novelty in the process of problem-solving and Kaufmann (1989)
P creativity.
Adaptors prefer conventional, established
Adaptors- rocedures and innovators restructuring or new .
Adap P esal ; 9 Kirton (1976, 1987)
innovators perspectives in problem solving.
e Preference for developing understanding through Allinson and Hayes (1996)

Intuitive active-
contemplative

reasoning and or by spontaneity or insight and
learning activity which allows active participatioar
passive reflection.

The verbal-imager di

mension

Abstract versus
concrete thinker

Preferred level and capacity of abstraction.

Harvey et.al (1961)

Verbaliser-
visualiser

The extent to which verbal or visual strategies are
used to represent knowledge and in thinking.

Pavio (1971); Riding and
Taylor (1976);

Richardson (1977); Riding and
Calvey (1981)

An integration of the

wholist-analytic and verbal-magery dimensions

Wholist-analytic
Verbal-imagery

Tendency for the individual to process information

in parts or as a whole and think in words or pices.

Riding (1991b, 1994, 1996);
Riding and Cheema (1991);
Riding and Rayner (1995)

Table 4-1: Descriptions of style dimensions (Raynei Riding 1997)

Ehrman and Leaver (2003) emphasised that variodssshave been suggested several
times under a variety of names. This problem has lzemajor source of confusion over
the years. Thus, it is noticed from looking at thmily of cognitive styles that every style

has its reverse in the different dimension of gnae family (for example see Table 4-2).
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Analytics or Field independents Wholists or Field dependents
Trend to organise information into clear-cut Tend to organise information into loosely
conceptual grouping clustered wholes.

See information as collection of parts See inforomeds whole

Able to have an overall perspective and

Focus on one or two of these a time .
appreciate total context

Possibility of getting the one aspect out of Very difficult to distinguish the issues that
proportion to the total situation make up the whole of a piece of information

The positive strength they can analyse
information into the parts this allows them
to come quickly to the heart of the problem

The positive strength can have a balanced
view, extreme view or attitudes.

Table 4-2: Characteristics of the cognitive styleHindal, 2007)

Furthermore, even with some agreement on what itotest a cognitive style and some
agreement on what some of the styles actuallyiarg,not easy to separate the various
styles efficiently from each other. One style naye impact on another: for example, a
study presented by Worley and Moore (2001) explottesl influences of colours on

learners of different cognitive style. EvidencenfraWorley and Moore’s study indicates

that performance scores are not affected for stsdgassified by cognitive style when the
image are offered using colour or black and whitewever, it was predicted that use of
highlight colour would assist the field-dependenidents by attracting their attention to

the important information in the image.

There is no doubt that learners tend to adopticestgles. These may be genetic in origin,
or be learned or simply be preferred ways of lesgnindeed, many styles may involve all
three: some way of learning is preferred becausegenetically influenced and has been
confirmed through previous experience as helpfogbéing the leaner to use this as a
preferred approach because it works and is conigévhiech of the past work assumes that
such styles have a bipolar nature but this mayaiveays be true. With this background in
mind, the next section looks at divergency and eogency to illustrate some of the key
issues before addressing the whole area of figheémency which seems so important in

mathematics.

4.3 Convergent and Divergent

The termconvergent thinkingefers to the ability to bring material from a ety of

sources and to focus down, or converge on, theconect answer in order to find the
solution to a problem. The other tedivergent thinkingefers to the ability creatively to
elaborate ideas to invent new ones. Convergentkersngain high scores in tasks

demanding one conventionally correct solution obsig obtainable from the information
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available (as in intelligence and mathematics Yesthile at the same time gaining low
scores in tasks demanding the generation of seegually acceptable solutions. On the
other hand, divergent thinking is the opposite apph, and is often regarded as more
suited to arts specialists and study in the hunesn{Hudson, 1966). Thus, convergent
thinking requires close reasoning; divergent thmgkiequires fluency and flexibility (Child
& Smithers, 1973).

Canvergent thinking Divergent thinking

Figure 4-4: Convergent & divergent thinking. (Atherton, 2005)

Bahar (1999) outlined the general characteristicsonvergent and divergent thinkers in
Table 4-3.

Converger Characteristics Divergers Characteristics

- Higher performance in intelligence tests - Higher performance in open-ended tests
- Good at the practical application of ideas - Fine at generating ideas and seeing thingjs
- Specialised in physical science and classics from different perspectives
- Prefer formal materials and logical arguments . gpecialised in the arts
- Ability to focus hypothetical-deductive . Better in concrete experience

reasoning on specific problems - Interested in people
- Better in abstract conceptualisation . Hold unconventional attitudes
- Hold conventional attitudes . Strong in imaginative ability
- Like unambiguity - More likely to be witty

- Emotionally inhibited

Table 4-3:General characteristics of convergent and divergerthinkers (Bahar: 1999)

After looking at the descriptions of convergent adiiglergent thinking, it seems that
mathematical thinking as it is presented in math@&s@lasses is always convergent, and
there may be no evidence that divergent thinkinfissis required at all in mathematics
classes (Orton, 2004). Looking at many test papesss questions which are divergent are
not much used. The following examples may be the gnestions that are divergent

guestions in mathematics classes:
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Write numbers in the balloons.
42 is the smallest number

Any number > 42 are acceptable

A+B=1

There are infinite possible answers

Create an odd number containing three digits.

In these three examples, there are no fixed ‘righswers.

Currently, there are trends to encourage the useatfiematics investigations which are
‘open-ended’ tasks as a reaction against the higihyergent nature of the majority of the

usual mathematics curricula (lbid).

4.4 Field Dependency

From numerous types of cognitive styles, field adef@ncy has received the most attention
from researchers (e.g. Chinien & Boutin, 1993; Esiie, 1981; Kent-Davis & Cochran,
1989; Witkin & Goodenough, 1981). Witkin (1948) fali that some individuals show
remarkable consistency in attending to differepietyof cues. Some subjects who tended
to use the cues of the visual field were designé&ielti-dependent’, while others who
appeared to rely on internal gravitational refeesngsuch as tactile, vestibular and
kinaesthetic cues) were designated ‘field-indepetiddonassen and Grabowski (1993)

stated thatField dependency describes the extent to which

The surrounding framework dominates the percepiidtems within it,

The surrounding organized field influences a petsperception of items within
it,

A person perceives part of the field as a discfeits,

The organization of the prevailing field determities perception of its
components, or

A person perceives analytically”

Jonassen & Grabowski, (1993, p: 87)
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According to Witkinet.d (1962), field dependency is regarded as one sge of a more
general individual-difference dimension. Frank aKéane (1993) claimed that the
construct of field dependency points to a stabtk @ervasive preference of individuals for
analytical or global information processinghlist-analytic stylg and these preference
differences are reflected in the cognitive restrtng skills displayed by field-independent
(FI) and field-dependent (FD) individuals. Witkia978) distilled the essences of field-
dependent (FD) and field-independent (FI) as fodiow

“The field-dependent (FD) and field-independent) (Flognitive styles are
process variables, so they represent techniquesiwing toward a goal, rather
than ability in achieving goals.

Cognitive styles are pervasive dimensions of idd& functioning. They
express themselves across domains traditionallysidened in isolation from
each other. This pervasiveness need not be surgrisi the case of the field-
dependent and field-independent cognitive stylegesthe tendencies to rely
primarily on internal or external references, adumction of the extent of self-
nonself segregation, represent rather deep cutseopsyche.”

Goodenough (1976) defined field independence as,

“The ability to overcome embedding contexts in pptaal functioning, and it is
considered to be the analytical aspect of an aldimd mode of field approach as
expressed in perception. Thus, the analytical dognistyle allows their experiences to
be analysed and developed. In contrast, field dégece refers to people who take the
organization of the field in perceptual and problsoiving tasks as given, and they have

difficulty in separating an item from its context.”

He emphasises that field-dependent people haviatavety global cognitive style, which

governs their experience by the organisation offild. The main features of the field-
dependent and field-independent cognitive stylesdafined by Witkin and Goodenough
(1981) as:

“Field-Dependent (FD) individual who can insufficily separate an item
from its context and who readily accepts the dotmigefield or context.

Field-Independent (FID) individual who can easilgréak up’ an organised
perceptual field and separate readily an item friggrcontext.”
There are several factors affecting the field depene-independence tendencies such
childhood background and age stage. Witkin thoulgét field dependence-independence
tendencies are a consequence of child-rearing ipeactthat emphasize acquiring

independence from parental controls (Korchin, 1988itkin showed in his early studies
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of child-rearing that, when there is strong emphasi conformity to the authority of the
parent and external control of impulses, the chii likely become relatively field
dependent. If the family encourages the child et separate, autonomous functioning,
the child will become relatively field independe@tenerally, children are field dependent,
but their field independence increases as theyrhecadults and with the support of their
family. Adults are more field independent, espégiatult learners (Gurley, 1984). Field
independence gradually declines throughout theofdse; elderly people tend to be more
field dependent (Witkiret.al,1971).

4.5 The Measurement of Field Dependency

The body adjustment tegBAT) was originally used by Witkin (1948), andeth (BAT)
was replaced with theod and frame testRFT) to uncover field type. RFT estimates the
individual perception of the location in relatiam the upright of an item within a limited
visual field (Witkin et.al, 1974). After experimenting with rod and frame $edwitkin
developed theembedded figures Te$¢EFT) in order to classify individual as field-
dependent or field-independent cognitive style. sThest is designed to measure
disembedding skills where the subjects are requivedeparate a simple figure from a
larger complex figure, and the figures were adofitech Gottschaldt (1926) figures which
developed for his study (Witkirt.al, 1974).

Thegroup embedded figures td&EFT) is a group version of the EFT and it wasdulsy
Witkin et.al (1977) to measure the field-dependence/ fieldpetdence of an individual.

It is paper-and-pencil test that requires a mininiewel of language skills for performing;
where the learners are asked to recognize a speplimetrical shape within a complex and
confusing background. The simple shape has to lradfn the same size, same properties,
and the same orientation within the complex figuirke field-independent subject is the
individual who is able to separate these shapes fhe complex pattern. The more correct
answers he identifies, the better at the separgtioness he is, and vice versa for field-
dependent. The GEFT and EFT instruments are noligbsneasures of field dependency

but they have been used to categorize individumadstheir abilities.

All these tests are reliable and valid (Witket,al 1974; Witkin, 1976). Reasonably high
validity was reported in Witkin (1976) by correlagibetween the GEFT and EFT (0.63 for
female undergraduates and 0.82 for male undergresju@\ reliability of 0.92 for EFT has

been obtained after one week interval by testtrateselation by Dana and Goocher
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(1959). The test-retest correlations have beenrtdor all these tests (see Witlenal,

1974). Figure 4-5 illustrates an example similathtmse used in the EFT.

(L

Khape to find

Figure 4-5: Sample of simple and complex figuresmilar to those used in the EFT (Witkinet.al, 1977)

Messick (1993) argues against sole reliance oreel+T or GEFT on the grounds that
analytical ability will always be confused with tegores, and the cognitive style itself will
remain unmeasured. Tinajero and Paramo (1997)rootifie argument of Messick (1993)
and add to the debate, after using RFT and EFTetsare field articulation, that the RFT
measures perception of the upright while embeddgdds performance is a measure of
cognitive analytical ability. In spite of the Medss (1993) argument and Tinajero and
Paramo’s (1997) evidence, the utilization of theFGENnd EFT will likely remain the most
common measure of field dependency because of theegural requirements for

administering the contrasting instrument (Hall, @00

4.6 Field Dependency and Personality

Investigations of Witkin and his colleagues (19@4trertained that the way that a person
accommodates himself in space is an expression mbr@ general favoured mode of
perceiving which is linked to personal charactesst Therefore, they considered the

relationships between field dependency and somavimlral features of individuals.

Sense of separate identitg the result of an individual’s development afa@eness of his
own needs, feelings and characteristics as didtioot those of others. Witkiat.al (1974)
considered three categories of behaviour aspemts dhich the extent of the development

of a sense of separate identity may be deducedthfée aspects are:

1. Seeking for guidance,
2. Their own attitudes and values,
3. And their views about their selves.

Evidence from the Witkiret.al,’s study (1974) shows that subjects with a relatively

analytical field approach (field independent) atdeato function with the minimum
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guidance and support from others; they define tiade; they are usually less influenced
by authority; tending to be guided by values statstathey proceed with greater
confidence and tend to show less tension and anx@ntrasting with subjects with a
relatively global field approach (field dependentjo look for guidance from the examiner
in many situations; less able to define their rdfey lack confidence in their ability to

perform the task; and as a consequence of thatwéhdension and anxiety (ibid).

Oltman (1980) argued that, when information seeki:ignot an issue or when the
information that is available is unambiguous, nidedences exist between field dependent
and field independent people. In a study of diffiees in reaction with other people
(Oltman et.al, 1975), students were paired in the laboratoryomting to their field
dependency cognitive style: both subjects fieldemhelent, both subjects field independent,
and one field dependent and the other is field peddent. The pairs discussed issues
about which they initially disagree, and the reskars asked them to resolve their
disagreement. The end results showed that: the agpeements were reached when the
both members were field dependent; an intermeciateber when one subject was field
dependent and the other is field independent; lamdeiast agreements when both members
were field independent. The existence of field peledent members together reduces the

occurrence of conflict resolutions (ibid).

Nature of control and Defencess the relation’s nature between field approach and
defensive structures (the ability to control impdsbehaviour). Evidence concerning the
nature of controls and defences confirm the viewat tindividuals with a global field
approach had less ability for the management otilsige behaviour than individuals with
analytical field approach (Witkiet.al 1974). Individuals with analytical field approach
(children or adult) tended to develop defensiveicitre and use relatively specialised
complex defences. Field independent individualdepresolation and intellectualization,
rather than primitive denial and massive regressiitkin et.al, (1974) found that
children with analytical field approach were showrhave better ability in modulating and

mediating the ideas and feelings of aggression.

4.7 Field Dependency and Academic Achievement

The field dependency cognitive style has been densd to be the most critical variable
that may affect achievement in various subject dosng@Dubois & Cohen, 1970; Tinajero
& Paramo, 1997; Vaidya & Chansky, 1980; ChristodQ2, Alenezi, 2004). Dubois and

Cohen (1970) found significant correlations betwdba overall mark of university
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admission examination and scores in field dependésst. Dubois and Cohen’s (1970)
findings support Cohen’s (1969) hypothesis thatgresater restructuring ability of field-
independent students contributed to achievemethigirschool environment, particularly in
those tasks requiring analytical skills and the akgrocessing strategies based on the
organisation and restructuring of information. &evV studies have followed Dubois and
Cohen’s (1970) by considering the correlation betwéeld dependency and academic
achievement in several subjects such mathematcguhge, natural science, social

science, art and music.

Tinajero and Paramo’s study (1997) investigated aissociation between the field

dependency, and achievement in several discipinel as English, mathematics, natural
social science, Spanish and Galician. They condubat field-independent subjects are
superior to field-dependent subjects, whether assest is of specific subjects or across
the board.

Two studies (McLeocket.al, 1978; McLeod & Adams, 1979) considered the irdéoa

between field independence with discovery learnmgnathematics classes. They found
field independent students learned the most in emadltics lessons with the minimum
guidance and maximum opportunity for discovery,levfield dependent students received
the maximum guidance. In another study, Vaidya @hdnsky (1980) investigated the
relationship between achievement in mathematicsfiafl dependency across grades. In
all grades, field dependency was highly correlateith mathematics achievement:

especially for concepts and applications, those wéie field independent were best.

Studies of Christou (2001) and Alenezi (2004) itigeded the relationship between field
dependency and achievement in mathematics. Chr{&@fi) found that field independent
students perform better than field dependent stsderalgebra story problems (see table
4-4).

Number| Mean Score in
mathematics tes
Field dependent 32 5.5

Field intermediate 33 6.6

Fieldindependent| 25 | 82

Table 4-4: Field dependency related to performanci the mathematics test (Christou, 2001).

Alenezi (2004) found similar result with a very hig significant correlation and the
differences between field dependent and field iedeent performance in mathematics is

30% of the means of mathematics marks (see tab)e 4-
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Number| Mean Score in
mathematics tes
Field dependent 67 56

Field intermediate 71 68

| Fieldindependent| 45 [ 85 |

Table 4-5: Field dependency related to mathematigserformance (Alenezi, 2004)

Indeed, there are no studies which have shownfigldtdependent students are better in
any cognitive task (Danili, 2004). This raises diggs about the supposed neutrality of
cognitive styles when applied to field dependentiiose who are field independent
always seem to have the advantage in academic d@#tbksigh it has to be recognised that

this may simply be a reflection of the tasks whacé set in academic testing.

4.8 Field Dependency and Information Processing Approdtes

The description of cognitive style amformation processing habitby Messick (1970: p:

190), proposes that the features of field dependane correlated with the three general
stages of information processing. According toittiermation processing approach, there
are considerable individual differences in learramging from differences in a number of

factors as follows:

“The component processes.

The strategies into which these processes combine.

The mental representations on which the processeéstmategies act.
The ways in which individuals allocate their atienal resources.”

Sutherland (1992)

Many researchers considered the differences imicertformation processing stages such
as attention, organization, and retrieval betwedeld fdependent and field independent
individuals (Berger & Golberger, 1979; Goodenout®76, Davis & Frank, 1979; Annis,

1979; Pierce, 1980; Frank, 1984; Fehrenbach, 1Ba4#jels, 1996). They believed these
differences may influence the ways in which stusgmerform in the classroom. The
general tendencies of field dependent and indepgnddividuals are summarized by
Daniels (1996: p: 38) as follows:

“Field dependents:

Rely on the surrounding perceptual field.

Have difficulty attending to, extracting, and usimgn salient cues.

Have difficulty providing structure to ambiguousommation.

Have difficulty restructuring new information andrding links with prior
knowledge.
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Have difficulty retrieving information from longrte memory.

Conversely, field-independents:

Perceive objects as separate from the field.

Can disembed relevant items from non-relevant iteittgn the field.
Provide structure when it is not inherent in thegented information.
Recognizing information to provide a context fappknowledge.
Tend to be more efficient at retrieving items froemory.”

Field Dependents

Have difficulty attending to

and using non-salient cues
T

Little reorganization in
efficient encoding

Field Independents

Separate, attend to, and use all
relevant & important cues

Eeorganize and efficiently
encode information

Accept structure, fewer links, Prowide structure and richer

semantic links
———

and 1zolated storage

Stoning & Esqiewi)

Figure 4-6: Information processing characteristic§the idea derived from Daniels, 1996)

Goodenough (1976) argued the idea that field depeydmay be related to individual
differences in learning and memory and this hashljE¥pular because it represents the
confluence of two important streams of thoughthie history of cognitive psychology.
One stream takes place within the area of leartiiegry, where there has been a turn
toward greater emphasis on the active role of #rsqn in the processes of acquisition,
storage, and retrieval of information (e.g. Neisd®67). The second stream occurs within
the area of perception, where the theory of cogmitityles emerged during the 1950s,
defining the boundaries between traditional areapsychological study (Goodenough,
1976).

According to Davis and Frank (1979), field-indepenidstudents perform more efficiently
than field-dependent students do and both setsunfests employ different encoding
strategies, or when they employ the same stratag\effectiveness of this will vary. They
indicated that the poor performance of field-degndtudents is due to their less efficient
memory as well as having difficulty in rememberiing task, which has been set. They
disagreed with the Goodenough finding (1976) whitifferentiates between field-
dependent and field-independent people in the geoteey employ and, instead of that,
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they argued that field-independence people are midi@ent than field-dependent people

are.

Annis (1979) examined the effect of cognitive stgie study technique effectiveness by
having field-independent and field-dependent stixleead only or take notes on a
logically organized or scrambled reading passadee ®und that field-independent
learners were better than field-dependent at nagalinformation of high structural

importance, irrespective of whether the passageongenized or not.

Frank (1984) investigated the effect of field-depemce/independence and study technique
on learning from a lecture. The results of his aese presents evidence that field-
independent and field-dependent individuals diffethe cognitive processes they use as
well as in the effectiveness of their performanoesertain situations. Frank found that the
significant interaction between cognitive style astddy techniques indicated that this
difference was largely attributable to the conditiof student notes. Because of more
efficient note taking, field-independent studenis-perform the field-dependent students.
He suggested that field dependent students coulielped to improve their performance
through a combination of training in note takingdathe provision of the external
organisational aids, such as lecture outlines. érédach (1994) confirm this by recording
students’ comments from different age groups (8tBth and 12th grades) about
comprehension strategies used while reading akxfound efficient use of summarising

strategies by field independent students.

Pierce (1980) investigated the effect of imagergtegy in memorizing; the sample was
collected from different age groups (5 to 6 ando810 years of age) with different
cognitive style (GEFT was used). There were twod@@ms in the test of memorizing a
story; the first condition is listening and the @ed condition is listening with a demand
for generating images. She found field independéiitren achieved higher scores than

field dependent children in the second memorizioigdations.
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4.9 Field Dependency, Working Memory and Achievement

Baddeley and Hitch (1974) described working memasy a multipurpose central-
processing system with limited processing capadiprking memory capacity can be
used to process various cognitive operations sadrganizing and restructuring, or it can
be used to recall from long term memory. Many redesrs have investigated the effect of
working memory capacity and field-dependence/fieddependence on the learning
process (Pascual-Leone, 1970; El-Banna, 1987; AiaNg 1988; Christou, 2001; Alenezi,
2004). Pascual-Leone (1970) assumed that the digftndency could restrict the learner
from employing his full mental space in solvingksisTherefore, field-dependent students
may operate in a way that is below their actualpde (X- means the working memory

capacity that the student has).

The El-Banna study (1987) investigated the infl@ed working space and the field
dependency in chemistry performance. He found anstundents with the same working
memory capacity, the achievement in chemistry mees when the student is more field
independent. Several studies (Al-Naeme, 1988; Da2@l01) show little difference in
performance in a chemistry examination between Wavking memory capacity field-

independent students and high working memory capéeld-dependent students

In the mathematics domain, studies by Christou 12@dd Alenezi (2004) investigated the
influence of working space, the field dependencgrieng style and mathematics
achievement. The analysis of the data indicated there is significant relationship
between the two psychological factors measurelamreésearch and the achievement in the
mathematics test. They found that field-dependeéndesits (FD) with high working
memory capacity had the same mean score with ifiddmediate students (FINT) with
medium working memory capacity and almost the santle field-independent students

(F1) with low working memory capacity (see tabl®& &nd 4-7).

Field Field Field

Group Dependent| intermediate| Independent
Low (N=51) 5.0 6.1 7.8
Medium (N=20) 5.9 7.3 8.3
High (N=19) 7.3 7.3 8.4

Table 4-6: The field dependency and working memorglassification versus the mean scores in
mathematics test (Christou, 2001) N=90
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Field Field Field
Group Dependent| intermediate| Independent
Low (N=92) 49 64 67
Medium (N=57) 64 68 89
High (N=34) 77 87 95

Table 4-7: The field dependency and working memorglassification versus the mean scores in
mathematics performance (Alenezi, 2004) N=183

Many years before, Johnstone (1993) offered a mEctf what might be happening.
Learners with a high working memory capacity whe #eld-dependent are occupied with
‘noise’ as well as with ‘signal’ because of theldielependence characteristic. Students of
low capacity who are field-independent, on the othend, will receive only signal and
ignore the noise and they can use all their limltadl working memory space for useful
processing. Therefore, students of high capaatig{filependent cannot benefit from their
larger working memory because it is reduced by ekistence of “noise” (irrelevant

information).

Available W< Usable W: Usable W:

Irrelevant
Field independent information

Low working space

Irrelevant
information

Field intermediate

Intermediate working .Field dependent
spact High working space

Figure 4-7: Usable working space capacity

4.10 Field Dependency and Mathematical Ability

Mathematics as a subject involves many skills af a® procedural knowledge that
students must master first. They then must be tab&elect from the range of skills and
procedures which they hold in their long-term meynior find the appropriate technique
which can support any attempt to solve any mathealatask. As mentioned in the
previous chapter, selecting or retrieving processdgavily controlled by the perception
processes. Thus, student’s ability to recognizeitfgortant and useful items (‘get the
message from the noise’) plays a critical role aiving any mathematical problem.

Consider the following examples of mathematicaksas
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3,2 _ _z2_
4§+?§_ 10 3?_
3,55 _ 3,02,

These four mathematical tasks look like the bapierations; however, they require more
mathematical knowledge than the basic operationatdmThey are more complicated
than they appear and every task has its own teghnitf the students are not able to
recognise the differences between them and disshdretween these techniques, they will
not be able to solve these problems. To be aldelt@ these tasks, the student has to be a

good problem-solver which requires:

“Ability to estimate and analyze,

Ability to visualize and interpret quantitative fa@and relationships,
Ability to understand mathematical terms and cotgep

Ability to note likeness, differences and analogies

Ability to select correct procedures and data,

Ability to note irrelevant detail,

Ability to generalize on the basis of a few exasple

Ability to switch methods readily,

Higher scores for self-esteem and lower scoreseidranxiety.”

Suydam & Weaver (1977)

Or to have mathematical ability which comprises of:

“An ability to extract the formal structure fromdhcontent of a mathematical
problem and to operate with that formal structure,

An ability to generalize from mathematical results,

An ability to operate with symbols, including numshe

An ability for spatial concepts, required in certdiranches of mathematics,

A logical reasoning ability,

An ability to shorten the process of reasoning,

An ability to be flexible in switching from one apgch to another, including
both the avoidance of fixations and the abilityggerse trains of thought,

An ability to achieve clarity, simplicity, economgnd rationality in
mathematical argument and proof,

A good memory for mathematical knowledge and ideas.

Krutetskii (1976)

It is relevant to compare these two analytic viesnathematical ability and the good
problem-solver with field independent charactersthat are described by Daniels (1996).
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Independent individuals can recognize relevant stémm non-relevant items within the
field; provide structure when it is not inherenttive presented information; recognizing
information to provide a context for prior knowleggand tend to be more efficient at

recalling items from memory.

After extensive studies into spatial ability, Sm{il964) concluded that spatial ability is a
key component of mathematics ability. Sherman ()19&7Qued that the relationship
between spatial ability and field independenceeis/\strong by sayingkey measures of ...

[the field-independence] construct do not appedfedentiable from the spatial factors...

[and] the term analytical consequently implies umaated generality, especially since
the construct appears unrelated to the verbal argg: 297-298). It can be argued after
this comparison that field independent individulads/e mathematical ability or they are

good problem-solvers.

After consideration of the affects of field depency in the learning process, two
questions arise: can we teach field dependentichails in some way to push them to be
more field independent? Or is it better to consitierinstructions of individual's cognitive
style in preparing the teaching material? Basedhenextensive research conducted on
field dependency, Bertini (1986) concluded thadfiéependent learners are more likely to

perform extremely well at learning functions sush a

Group-oriented and collaborative work situationses individuals need to be
sensitive to social cues from others

Situations where participants must follow a starlitzed pattern of performance
Tests requiring learners to recall information metform or structure that it was
presented

Knowledge domains that focus on social issues

On the other hand, field dependents should betahlse the following learning strategies

effectively:

Concentration on information
Repetition or rehearsal of information to be reedll
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Conclusions

After the above discussion, it can be concludedttis-

Field dependency influences individual's persoyaéind affects his perception,
interaction with the learning environment.

Field dependency has impact on students’ performamc achievement.

Field dependency influences information procesgpaying attention, encoding
and retrieval).

Field independent students with high working memacapacity achieve much
better than field dependence with low working memmapacity in mathematics

and in other subjects.
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Attitudes towards Mathematics

5.1 Introduction

Mathematics attainment in secondary school couldttsuted to a complex and dynamic
interaction between cognitive and attitudinal fast@volet, 1997). The previous chapters
attempted to look at two cognitive factors that nmeffect mathematics achievement,
working memory capacity and field dependency. Tdiwing chapter will deal with the
attitudinal factors that affect mathematics achmesst in junior secondary school (age 12-
15 in Kuwait Education System). These attitudim&tdrs have emerged recently as salient
variables affecting success and persistence in emstics (Singhet.al 2002).
Unfortunately, many students are seeing mathemascsn abstract, complicated and
difficult subject (Sharples, 1969; APU, 1981881, 1982 Carpenteret.al 1981; Dossey
et.al 1988). These negative attitudes towards mathematiay inhibit the learning
process. Thus, a wider perspective and seriousstigation of variables affecting
achievement in mathematics in middle grades is edéeécause in these years students are

thinking and negotiating tracks for their future.

Before looking at students’ attitudes towards matdigcs, we need to look at ‘attitude’ in

general. Thus, this chapter provides an overviewvbét attitudes are, why they are
important, how attitudes can be measured. The afedtitude development in science
education is also discussed in that there has beesiderable research effort in this field.
Also, the literature surrounding attitudes towangsthematics are approached within this

chapter.

5.2 The definition of Attitudes

What are attitudes? It is not easy to answer thisstion as it appears. The various
definitions of the term ‘attitude’ and its intergration in terms of other psychological
concepts create difficulties in determining a psecdefinition. Allport (1935) gave a

variety of definitions of attitude that combine myadeas. They are listed below:

“Attitudes are individual mental processes, whichtetmine both the actual and
potential responses of each person in a social dvoBlince an attitude is always
directed toward some object it may be defined astaie of mind of the individual
toward a value” (p: 6).



Chapter 5

“Attitude is a mental and neural state of readinesganized through experience
exerting directive or dynamic influence upon théinidual’s response to all objects
and situations with which it is related” (p: 8).

“Attitude is a “degree of affect” for or against aobject or a value” (p: 10)

Halloran (1967) considered several features of@ktlg descriptions: first, an attitude is a
state of predisposition leading the individual tmeeive things and people around him in
certain ways. The second aspect is that attitudesiat inbred — they are learned; they
develop and they are organized through experieddhird feature of Allport’s definition
follows from this, attitudes are dynamic, they aot merely latent states of preparedness
awaiting the presentation of an appropriate obfecttheir activation. Campbell (1950)
drew attention to the weakness of Allport’s defons despite its obvious usefulness. He
attempted to present a behavioural definitién ‘individual’'s social attitude is a syndrome

of response consistency with regard to social dbje@: 31).

Later, Katz (1960) defined an attitude as “the m@aoisition of an individual to evaluate
some symbol or object or aspect of his world ireeofirable or unfavourable manner.”
Krech (1960) introduced one of the clearest accowiitthe nature and components of
attitudes. He defined attitude &mn enduring system of positive or negative evahrat
emotional feeling and pro or con action tendenciesh respect to a social objectP:

177). He specified three essential componentstiti@es as follows:

The cognitive component: this has to do with belehout an object, including
evaluative beliefs that are good or bad, appropiatr inappropriate. The
cognitive components consist of thoughts or iddamifithe attitude object. These
thoughts are often conceptualized as beliefs, gekahat people establish between
the attitude object and various attributes. Theglude the covert responses that
occur when these associations are inferred or peeck as well as the overt
responses of verbally stating one’s beliefs. Thaufes that are correlated with the
attitude object express positive or negative eviaduna and therefore can be
located by psychologists on an evaluative continatiany position from extremely
positive to extremely negative, including the nalupoint (Chaiken & Eagly,
1993).

The affective or feeling component: this has towdth likes and dislikes. The
affective component comprises of feeling, moodwxtiens, and sympathetic
nervous system activity that people experiencelation to attitude objects. (Ibid).
Action or behavioural tendency. The behavioural gonent includes the overt

actions that people exhibit in relation to the taftie object. These responses also
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range from extremely positive to extremely negagweethey can be located on an

evaluative dimension of meaning (ibid).

Many psychologists (e.g. Bagozzi and Burnkrant,918@d McGuire, 1985) have observed
that attitudes comprise three components (cognitiffective and behavioural), and these
three components are not necessarily separable é&aoh other and do not necessarily
represent three independent factors. Halloran (1p7@2) described the place of attitude
within such a theoretical framework in this wayt any given situation an individual may
be shown to select some of available stimuli arglene others. He processes or interprets
the selected stimuli in certain ways, and reacth®interpreted stimuli affectively and by
behaviour tendencies which will emerge as behavimder appropriate environmental
conditions.” Attitudes are learned and they can develop asewveldp with new input of a
cognitive, affective or behavioural tendency (itemaction and relationships with other
people). It is important to realize that attitude#i develop in learners whether it is the

overt purpose of the teacher or not, and it isasselo ignore their importance.

5.3 The Important of Attitudes

Attitudes are considered to be the most importéerment to success in any endeavour.
Bohner and Wanke (2002) put forward two main a&tuunctions. They state these
attitude functions can be seen as the essencdferfedii theoretical approaches: serving
knowledge organisation and guiding approach andidamee, and serving higher
psychological needs. They also illustrate thatitipgortance of attitudes becomes apparent

at various levels of analysis that are all subje€tsocial psychological and social research:

At the individual level, attitudes influence pergep, thinking, other attitudes and
behaviour. Accordingly, attitudes contribute heawib a person’s psychological
make-up.

At the interpersonal level, information about aities is routinely requested and
communicated. If we know others’ attitudes, theldvbecomes a more predictable
place.

At the social level, attitude toward one’s own ggswand other groups are at the

core of intergroup cooperation and conflict.
Generations of psychologists have examined thetigné'slo attitudes play a major role
in determining behaviour?’(Fishbein & Ajzan, 1976; Fazio, 1990, Chaiken &gka

1993), and they referred to this question as thetioe between person attitudes (his
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knowledge and feeling toward some person, objacgvent) and what he actually does
(his reactions). For example, a student’s attittadeard mathematics demand knowledge
of what mathematics is, and what the student’srfgeltoward mathematics are, and this
information may help to predict whether the studeitit choose to study mathematics in
the future or not. Fazio (1990) staté@ihere can be no doubt that attitudes do sometimes
relate to subsequent behaviour and that the fialsl &chieved some understanding of just
when that sometimes is” According to Fishbein and Ajzan’s (1976) appitoatt is
possible to predict behaviour if the person’s ititars to perform a particular behaviour is
known. Chaiken & Eagly, (1993) noted tHa¢sponse to an inquiry about an attitude
toward a specific behaviour directed toward a gitarget in a given context at a given
time should predict the specific behaviour quitell weecause this attitude exactly

corresponds to the specific behaviour”

Individual behaviour, perception, thinking and réac toward any topic or person are
controlled by his attitudes, which may affect haleations and decisions. Therefore, if a
learner faces a difficulty in any subject, this mlagd the person to block the process of
learning. For instance, the student may have atughathematics. During this process, the
student acquires some knowledge of mathematics ahdhe same time, may gain
(negative or positive) attitudes toward mathematitfs negative attitudes towards
mathematics are developed, these may lead therstiodseek to avoid any further study in

mathematics.

Overall, attitudes are important and central inaalbect of education because they enable

students to make sense of an evaluation in terrksmfledge, feeling and behaviour.
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5.4 Theory of Planned Behaviour

The Theory of Planned Behaviowvas suggested by Ajzen (1985) as an extensioheof t
Theory of Reasoned Actiowhich was proposed by Fishbein and Ajzen (19@6account
for behaviours that are completely under the sulsjeontrol. According to th&heory of

Reasoned Actiom person’s intention to behave can be predictedhbwing two things:

4. The person’sttitude towards the behavigur

5. The person’subjective norm

The attitude towards behaviourefers to the individual's positive or negativeelfags
about engaging in the behaviour, and these feelings result of the information that an
individual has about the attitude object and alemgiaging in the behaviour regarding this
object. The second predictor is thebjective normwhich is the person’s perception of the
social pressures and norms to perform or not parfire behaviour. The theory of
Planned Behaviouadds a third component which is the so-cafledceived behavioural
control. Perceived behavioural controkfers to a person’s belief as to how easy or
difficult performance of the behaviour is likely b@ and represents the extent to which the
individual believes that behavioural performanceamplicated by internal factors such as
skills, abilities, and knowledge; and external damstsuch as time, lack of resources,
opportunity, cooperation and behaviour of otherpteoFigure 5-1 summarizes the way

the Theory of Planned Behavioworks.

Attitude
towards the
behaviour

Subjective
Norm

Clntention to Behave >—> Behaviou

Perceivec
behavioural
control

Figure 5-1: The Theory of Planned Behaviour

Attitudes often drive behaviour, and if we can depeattitudes then we are in position to

influence other people's behaviour. Hence, measemeof attitude (intention to perform

85



Chapter 5

the behaviour) is the best single predictor of as@e&s behaviour. How attitudes are

measured is the focus of the next section.

5.5 The Measurement of Attitudes

Ckaiken & Eagly (1993) stated’he aim of measurement is to assign numbers teatdj

so that the properties of the numbers that aregmesd reflect the relations of the objects to
each other on the attribute being measurd®’ 23). The importance of attitudes in the
education process reflects the need for attitudasorement. However, an attitude is not
something that can be examined and measured sathe way as the cells of a person can
be examined with a microscope or the rate of heattban be measured by a machine or a
watch. Such measurements involve direct observaédtitudes can only be measured
indirectly and the only way is by observation ofrd® and actionfHenersoret.al, 1987).

It is important to recognize that attitudes canbetmeasured in any absolute sense. In
addition, it is not possible to measure the atetwd an individual with any degree of
certainty. All that can be done is to compare thégon of attitudes of one group with
another (Reid, 2006).

Obsermeabls Inferred Observables
Stimuli related to Evaluative
attitude object ——ll Attitude —l responses

Figure 5-2: Attitude as a latent construct (after Giaiken & Eagly, 1993)

Observation of words or behaviour needs considérgtier. There is no certainty at all
that behaviour (and writing and speaking can ba asebehaviour) will reflect the attitude
a person holds with a degree of exactness. Indlieed,heory of Planned Behaviour (Ajzen
& Fishbein, 1980) would suggest otherwise althomdias to be noted that attitudes are the
best predictor of the intention to behave (whichpeshaps closest to written attitude
assessments). Thus, responses to interviews otiguesres can best be regarded as
indicators of inner attitudes but there is nevey aartainty that they reflect the held
attitudes exactly. Nonetheless, as behaviour endfte outcome of attitudes held and the
behaviour is what is so often important, such messhave immense value. For example,
responses to a questionnaire may reflect attittmlaspects of the learning of mathematics
and such expressed attitudes may, indeed, be pdvmdicators of the way students will

choose to study more mathematics or the way théwpproach such future studies.
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Overall, this leads to an important principle: tatlies cannot be measured in any absolute
sense nor can they be measured with any accuragydiwidual students. All that can be
done is to measure the attitudes of large grouggfan use the data to compare between
groups or to compare the attitude of a group aftemdiht times and under different

circumstances.

5.6 General Way of Attitude Investigations

Attitudes cannot be observed directly. Thus, weshavfind other ways of assessing them
and we must rely on inference when we want to nreasittitudes can be measured by
asking questions about feeling, thought and likedpaviour toward the attitude object, or

by techniques. Some of the more famous technidquresttfitude measurement include:

Questionnaires

Observation of apparent behaviour
Physiological tests

Partially formed stimuli (like projective tests).
Performance of tasks

Cook & Selltiz (1964)

Questionnaires and interviews are the most widagduapproaches in an educational
context. Questionnaires provide a large amountnédrination in a short time, while
interviews provide rich and revealing insights altgh these are based on a small selected

number of interviews. According to Oppenheim (1992100-102), a questionnaire is

“... an important instrument of research, a tool ftata collection... it can be
considered as a set of questions arranged in aatexrder and constructed
according to special rules. The questionnaire hgskato do: its function is
measurement.”

There are two kinds of questions that may be ireduth any questionnaires; tlopen-
ended kindand theclosed kind In the open-ended questions, the respondenysfydi
discretion in writing down what s/he thinks wherethe closed kind, the designer writes
the anticipated answers. The closed kind may beehdor designer to form but they may

be simpler to analyse.

5.7 Methods for Designing the Questions for Questionnegs

There are various methods that provide insighteam students’ attitudes toward learning
can be monitored. Five of them are approached faildeithin this chapter; Thurstone
method; The Likert method; The Semantic DifferdntiRating methods; and interviews.

Although the models that relate internal beliefsottcomes are important because they
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provide the theoretical basis for studies, theseries cannot take the place of carefully
constructed instruments for measuring the compsnehtinternal belief systems. Any
device designed to measure attitude should bebleliand a valid indicator for this
attitude. Reliably and validity definitions and beaues are discussed in the research
methodology (chapter 6).

5.7.1 Thurstone Method

Thurstone’s study was published in 1928, entitladitudes can be measured’and his

scaling was constructed in the following steps:

Specification of the attitude variable to be measur

Collection of a wide variety of opinions relating the specified attitude
variable.

Editing this material for a list of a bout 100 statents of opinion.

Sorting the statements into an imaginary scale espnting the attitude
variable. This should be done by about 300 reaadges).

Calculation of the scale value of each statement.

Elimination of some statements by the criterioambiguity.

Elimination of some statements by the criterioelewvance.

Selection of a shorter list of about 20 statemesnly graduated along the
scale.

Thurstone (1928)

Psychologists argued that Thurstone’s method i®riabs, time-consuming and the
statements were independent of the attitudes llidioin of the readers who sort the
statements (Likert 1932). Generally, this methodvi&kward and is rarely used in current
research. Nonetheless, Thurstone opened the dagititoile measurement study and this
stated to break down the views of the behavioyssichologists who had long argued

against the possibility of measuring latent cordrilike attitudes.

5.7.2 The Likert Method

The Likert technique (1932) is one of the most papmeasuring tools. Likert's method is
used to measure attitudes, beliefs, preferencespahaviours or affective reactions (e.g.
Fishbein & Ajzen, 1976; Kothandapani, 1971; Ostrd@69). It comprises a series of
statements, and it measures the extent to whickrsop agrees or disagrees with each
statement. Participants are asked to indicate wehelley strongly agree, agree, undecided,
disagree or strongly disagree and, often, eacht pafirithe five-point scale is given a
numerical value from one to five. Hence, a totaheucal value can be calculated from all

the responses. However, Reid (2006) argues tigtdampletely wrong to add up numbers
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which are ordinal in nature. A total can be obtdibet this total may be meaningless. He
illustrates his point by considering the resporsesvo fictitious students responding to

ten questions in a Likert questionnaire (see Takleoverleaf).

Responses
24 o © § = §
Questions g % % % .g g §
n Z | a8 |no
5 4 3 2 1
Q1 Y
Q2 X Y
Q3 Y
Q4 X | v
Q5 Y X
Q6 Y X
Q7 X |y
Q8 X Y
Q9 X Y
Q10 Y X
Student1 X Student2 Y

Table 5-1: Imaginary example for two students' respnses (Reid, 2006)

An ‘X’ shows the responses of the first studentleshY’ shows those for the second. It is
clear that both students have an overall scordddi8 their attitudes aretally different

(Ramsden, 1998, and Reid, 2006). This reveals an@ihdamental flaw in this summated
rating approach. It hides important detail and, rbgucing an attitude to a number,

obscures the differences which actually exist.

For many years, the Likert method has been usedetasure attitudes without using the
Likert summated rating method. Thus, it is possiioleuse the Likert methods without
adding up the scores on items. Each item can blysmuhseparately (Reid, 2006). This

offers a more complex analysis but the detailslEaeeen and these may be critical.

5.7.3 The Semantic Differential

The semantic differential was devised from the wairOsgood in the 1950s as a method
for measuring the meanings of the words (Osgebal, 1957; Osgood, 1969a). Osgood
wanted to create a technique that precisely majgbedtification and localisation of the

meanings of words by responding to several paitspflar adjectives which are scored on
a continuum running from +X to —X and when part#ifs respond to a set of pairs, they
are differentiating the meaning of that conceptg@sl et.al, 1957).In an extensive use of

factor analysis of the meanings of the words, leetas colleagues found that the semantic

space can be determined precisely by three fatdbedled ‘Evaluation’, ‘Potency’ and
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‘Activity’. These three factors are loosely thouglitas ‘good-bad’, ‘powerful-powerless’
and ‘fast-slow’ dimensions. The evaluation dimensieas identified by Osgood and his
colleagues (1957) as synonymous with attitudes.yTémd “Our work in semantic
measurement appears to suggest such an identificafiattitude is, indeed, some portion
of the internal meditational activity, it is, byf@rence from our theoretical model, part of
the semantic structure of an individual, and mag borrespondingly indexed”
Consequently, the semantic differential is usechéasure the direction and intensity of an
individual's attitudes (Osgooet.al, 1969).

Although the semantic differential was not devetbfur attitude measurement, it is a most
popular technique of measuring attitude in curmesearch. This technique comprises of
bipolar adjective pairs (like good-bad), a seriésunlabelled boxes (from 3 to 7) is

deposited between the pair adjective, as showgumd 5-3.

What are your opinions about youlaboratory experiences in chemistry?
Tick ONE box on each line.

Useful Useless
Not helpful Helpful
Understandable Not understandable
Satisfying Not satisfying

Boring Interesting

Well organised Not well organised

The best part of chemistry The worst part of chemistry
Not enjoyable Enjoyable

Figure 5-3: Several semantic different bipolar scas

The semantic differential technique has been fointbe reliable (Osgooeét.al, 1969,
Hadden, 1981). Also, Brinton (1961) stated thatstymantic differential validityappears

to be high, based on its high correlation with obtained by traditional Thurstone,
Likert and Guttman type of scalesAfter using the semantic differential techniquéh
school students, Brown and Brown (1972) listed egixantages in its use and one great
drawback compared to Likert methods: it is has ksglicability (Reid, 1978). Heise
(1969) argued thatOsgood’s method is eminently suitable in termsypg tof sample,
administration, easy design, high reliability andlidity when compared to other
methods.” For these advantages of Osgood’s technique, ad@pted in this research,

along with other approaches.

This technique has the same problems as the Likethods when used as a scaling
technique. Nevertheless, it can be used in suclaythat each bipolar line is treated
separately like the Likert method (Reid, 2006).
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5.7.4 Rating

Attitude rating questionnaires are developed bheatg statements, objects, situations or
views, and then the participants are asked tothetse statements by using some kind of
number system (sometimes they are asked to platenstnts in order, to compare
statements, or to divide statements up in some.Wdy¥y method can be very sensitive in
determining attitude development. The weaknesséli®imethod is that it gives no final
“score”, it is difficult to collect evidence to desefinal conclusion, and it is limited in the
range of applications possible that are open ingaFigure 5-4 illustrates an example of a
rating question, derived from Reid and Serumol@®@}0The aim of this question (which
was set in Botswana) was to explore the schooksiudttitudes towards ways of gaining

evidence, the example being that of global warming.

(8) Tebogo has been studying global warming aodders how scientists know what is actually the
truth about global warming. Her friends suggesesad ways to find the answers. These are
listed in the shaded box.

Read Scientific books

Talk to experts like University professors

Carry out experiments to test the idea of glokeinang

Collect as much information as possible aboutalekarming
Assume global warming is true and act accordingly

Use intelligent guesswork

Look at information which has already been gathéneough research
Accept what majority of people believe is true atglobal warming

IOTMmMOO®m>

Arrange these suggested answers in order of thprtance by placing the letters A, B, C...etc. in
the boxes below. The letter which comes first & th mostimportant and the letter which comes
last is the least important for you.

Most important Least important

Figure 5-4: Example of rating (Reid & Serumola, 206)

They analysed the question by comparing the regppasterns of different groups of

learners.

5.7.5 Interviews

An interview is a face-to-face meeting between tao more people in which the
respondent answers questions posed by the intevi@denersonet.al, 1987). There are
several possible approaches: open ended intervieigily structured interviews, fixed

question interviews, interviews for validating quesnaires.
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The advantages of interview are numerous. Theybeaunsed to obtain information from
people who cannot read or for non-native spealérsy are very rich in the data obtained
and interviews can clarify the questions and ensuae the subject understands them to
avoid the possibility of ambiguities of languagéieTdisadvantages of interviews is that
they are very time consuming, often difficult toap| give no final “score”, and often

difficult when trying to draw clear-cut final condions.
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5.8 Attitude Development in Science Education

Attitude development refers to the formation orrafe of attitude. The literature tends to
use the phrase ‘change of attitude’. However, altitonot intended, this can carry the idea
that people are being manipulated in some way higlit completely unacceptable in
education. When the phrase ‘attitude developmentused, this does not carry these
unfortunate overtones. In addition, this phraseved| for changes which can be seen as
positive or negative (Johnstone & Reid, 1981). €fme, it is preferred to use the term
‘development’ in this thesis instead of ‘change’ @eoid any confusion. The learning
environment should allow students to develop a&tion a sound cognitive basis.
Nonetheless, in spite of fact that psychologicaldele use the term ‘change’ (with its
possible overtones of manipulation), these modedsstll helpful to understand attitude

development in science.

Although attitudes tend to be stable with time, nge and development is possible in
appropriate conditions. Attitudes can be develdped number of sources including other
people, family, media, classroom, worship placessguoe or church), or the object itself
Attitude development assists people to understamohselves, the world around them and
the relationships (Reid, 2003), and learners'ualéis will develop within the learning
process whether it is the overt aim of the teadnemot. Attitudes development involves
more than just the affective. The input may be gndove, effective or behavioural or any
combination of the three (Reid, 1978).

In learning and teaching processes, students edeiowledge, information and acquire
skills. At the same time they gain attitudes towtre subject, teachers or towards some
topics. A crucial component of the educational peses is the attitudes that students bring
into classroom regarding a specific subject aresid R1978) argued that a student’s
attitude towards science may well be more importhah his understanding of science
since his attitudes determine how he will use mswedge. It is not the mission of
teachers to make as many practising scientistoasiljje. Human society needs various
professionals such as politicians, businessmeisi{sagic, as well as scientists. Thus, the
role of a science teacher is to make a contributiotieveloping educated students. Such
students will have a balanced view of themselvesvel as being able to relate their
studies to culture, lifestyle and matters of sogigbortance. Overall, the contribution of
science education at the school level is to preg@ents to take their place as citizens, to
be informed in terms of the knowledge of science i&impact on modern society and to
have developed attitudes based on sound knowleuy@xperience towards the sciences,
their contributions to society and their potentmalfuture impact.
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The awareness of attitude ‘target’ is one of theensal features of attitudeattitudes are
evaluations of something or someone. Reid (2008) mentified broad targets of attitudes

in science education:

“The science subject itself as a discipline;

The learning of the science subject (and perhapsleg more generally);
Topics and themes covered in a particular coursg.(¢hemes of social
awareness).

The methods of science (the so-called scientifide).”

Figure 5-5 illustrates the four broad areas whetitude development is important in

science education field.

Directed Curiosity
Logical Methodology
Creative [ngemuity

The

*i:;':dﬁ: Hature of Knowledge
_ Fole of the Lecturer
~— . Rale of the Student
Mature of A ssessment

~

Abftttudes in
Science i
Education

( Agtronomy — —
Chemistry ) Eg
Phoysic Chemical Industry
Mathematics Thewe Being _ Space Exploration P,
— Studied

Figure 5-5: Four broad areas of attitudes in sciereeducation (Reid, 2006)

Singhet.al (2002) indicated that researchers have recommetid¢dtudent’s motivation
to learn mathematics and science can be increaskdrgproved when teachers create a
curriculum that focuses on conceptualizing andtorganeaning and relevance. Therefore,
learners' attitudes must be taken into consideratioile thinking of teaching and learning.
Having looked briefly at some of the attitudinal nlwaelated to the sciences, attitudes

towards mathematics are now considered.

5.9 Attitudes towards Mathematics

Orton and Wain (1994: 17) said,

“Many mathematics teachers believe that mathematiem provide pleasure and
enjoyment. Thus, an aim in teaching mathematic&ldoel that the learner comes to enjoy
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mathematics, gaining pleasure from the scope amcacies of the subject, from its
patterns, and from what it can reveal about leamnand their worlds”.

However, most of the concepts and procedures dienadtics to many people are obscure
because rules and algorithms dominate them. Hadengmtery are commonly regarded to
be features of mathematics concepts. Russell (1828fined pure mathematics, ashe
subject in which we never know what we are talkabgut, nor whether what we are
saying is true.”Skemp (1989) suggests that mathematics is muck aiwstract than any
of the other subjects which children are taughthatsame age, and this leads to special
difficulties of communicationMathematics differs from other subjects where stislean
learn a wide range of topics at different levelomplexity and understanding. MacNab
and Cummine (1986) arguelf“this hierarchy of content is allowed to dominates
teaching sequence, not only will substantial leagndifficulties be likely to arise, but also

boredom and apatfiy

These negative attitudes towards mathematics miaipiirthe learning process, and it
seems clear that the problems of mathematical ¢éidacaannot be solved from within
mathematics itself. A wider perspective is needetelp students persist in mathematics.
Thus, educational researchers have focused on #@surement of students’ attitudes
towards mathematics. Their attitudes merit cont®ecause they affect achievement and
participation in mathematics and other subjectgy@meral. Moreover, Costello (1991)
notes that attitudes may form the roots of persgualities which persist into adult life
and may be considered either beneficial or undasirdde argues that positive attitudes
can be considered as valid objectives of mathesatitucation in their own right, and
affective learning outcomes — such as enjoymerthusmmsm, fascination, appreciation —
may be taken into account alongside the more adegrétspects of learning mathematics

which are measured in terms of achievement.

There are several possible approaches to deterstutents’ attitudes and the choice
depends rather on what it is intended to measuhe. Hennema and Sherman (1976)
Mathematics Attitude Scales (FS-MAS) are some af thost frequently used for
measuring affective variables in mathematics. There nine different scales in the
Fennema-Sherman Mathematics Attitude Scales ang thelude the following
mathematics attitudes: (a) mathematics confide(@eextrinsic mathematics motivation,
which is described as the interest to achieve madhies awards and recognition; (c)
mathematics as a male domain — described as ‘matlesnis a gender neutral subject’; (d)

mathematics usefulness; and (e) intrinsic motivatm study mathematics — described as
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‘personal enjoyment’ and ‘pleasure in the studynmdthematics’. Each of the scales
contains 12 Likert-type items with five possiblespenses ranging from strongly disagree
to strongly agree. Six of the items are positiaesnents, and six are negative. When the
scales are administered, items from several ofstaes are randomly mixed to form a
single instrument. Scores on each scale can range X2 to 60, with higher scores being
indicative of positive attitudes. For example, hgglores on the confidence and usefulness
scales indicate more confidence and a greater @ppon for the usefulness of
mathematics. Nonetheless, this approach usesdied method of scaling (see page 88-
89).

The approach adopted in the Mathematics AttitudeeScrelies on correlation and factor
analysis defining each scale. This means that ardimmbers are being used in an interval
sense and the outcomes from studies using suokssedl be likely to obscure important

detail. However, it is helpful to use some of aredsch have been used to describe the
subscales as a means to group together reseadatngn Five areas will now be discussed:
general perception and attitudes about mathematits; usefulness of mathematics,
confidence in learning mathematics, attitudes towaltifferent topics within mathematics;

and the attitudes of mathematics teachers to $hadents.

5.9.1 The Importance of Mathematics as Discipline

Student’s perceptions of the usefulness of mathesaboth immediately and in their

future, is a variable that has been shown to bengly associated with mathematics
participation and achievement. Mayer and Koehl®8(Q) stated that usefulness may affect
participation on a short-term basis by increasiegsistence when the material becomes
harder. In the United States, Callahan (1971) dies@d the general belief that

mathematics is useful and 66% of students felt thathematics is as important as (or
more important than) any other subject. Hammowi0@ studied self-perception of maths
importance and found it significantly correlatedlwmaths achievement (r = 0.24, p <

0.05). Students see mathematics as an importajgcsdbr the following reasons:

Mathematics is useful in daily life

Mathematics is important for some other subjects
Mathematics can help to solve world problems
Mathematics helps them to get careers

Mathematics is important for many courses at usier
Mathematics is thought to teach logical thinking
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Although a large proportion of students believet thmthematics is a useful subject,
mathematics usually occupies a low position in tefnfiking, when it is compared with
others subjects. This dislike is might be attriblgato the anxietyfear of failure and

negative attitudes associated with mathematics

5.9.2 Students’ Attitudes towards Learning Mathematics

The majority of school students, including somehaf most able students in mathematics,
do not like mathematics. Sharples (1969) has comdpatudents’ attitudes to various
subjects in four junior schools by considering thieactions to the following statements of

attitudes towards mathematics, reading, writingriss, art and physical education in turn:

“I hate it;

It is the worst thing we do in schoal;
| can't stand it;

It is all right sometimes;

| think it is good;

It is most enjoyable;

It is good fun and I like it very much;
| love it".

Students indicated agreement with each statemeattik.

Buxton (1981), in his book, ‘Do you panic about k&R’ refers to the following beliefs

about the nature of mathematics as typical of @gdwiew of the subject.

“Mathematics is:

Fixed, immutable, external, intractable, unreatisti

Abstract and unrelated to reality;

A mystique accessible to few;

A collection of rules and facts to be remembered;

An affront to common sense in some of the thirgssirts;

An area in which judgments, not only on one’s latélbut on one’s personal
worth, will be made;

Concerned largely with computation.”

Orton (1992) argues that mathematics does notvevtle learner in indicating emotions
or opinions. Thus, it is not surprising that anxieind fear arise with such views of
mathematics — perhaps emotions are being suppfesBee causes for mathematics
anxiety are not that easily discernable as Martie¢zal (1996: p: 6) observed:

“Mathematics anxiety is complex. It rarely followsstraightforward, single-cause/single-

effect, linear progression. It has multiple causesl multiple effects”.They state that
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identifying that someone is mathematics anxiouy defines the symptom not the causes
of it. Furner and Duffy (2002) state there are masi components surrounding and
influencing a student's mathematics anxiety such th® school system, gender,

socioeconomic status, and parental history andigiess.

5.9.3 Confidence in Learning Mathematics

A student’s confidence about his/her ability iseoftseen as an important variable in
learning and teaching processes. There is awar@mess education context that lack of
confidence may lead to the learner being prevefr@t making the required effort to
reach the goals of education processes. Confidesmedeen identified by Reyes (1984) as
one of the most crucial affective variables. Heestahat, tonfidence in one’s ability to
learn mathematics appears consistently as a strpredictor of mathematics course
election.” (P: 562). Meyer and Koehler (1990) define confideras one part of self-
concept which has to do with how sure a studerdfikis or her ability to learn new
mathematics and to do well on mathematics tasksy Hngue that confidence affects a
student’s willingness to approach new topics anpetsist when the material become more
difficult.

It is argued that confidence is an attitude towamdsself and it depends heavily on
experience (Oraif, 2007). Reid and Yang (2002bgddhat confidence was lacking when
secondary school students faced a new and opemt¢asiebut, with the completion of the

first such task, confidence was observed to growkemdy when facing subsequent tasks
even when the students were finding the taskscditfi Yang (2000) also found that the

growth of confidence did not necessarily seem &al o better performance in the open-
ended tasks, but it did mean that the school stadapproached these tasks more

enthusiastically with more self-belief and assueanc

The effects of confidence on mathematics achievenagw participation have been
explored in many studies (see Fennema & Shermar,1078; Sherman & Fennema,
1977; Hart, 1989; Pongboriboon, 1993; Hammouri,£2ngelbrechet al 2005), and
there were significant correlations between comitge in mathematics’ ability and
mathematics’ achievement. In the late 1970s, Feareamd Sherman carried out extensive
research into the effects of confidence on mathesiathievement, and they reported that
confidence was more strongly correlated with mattes achievement (r = 0.40) than
was any other affective variable (see Fennema &rSée, 1976, 1978; Sherman &
Fennema, 1977). Sherman (1982), in an analysisr@fitudinal data for students at the

Year 8 and at Year 11 levels, reported that théidence in learning mathematics subscale
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emerged as a powerful predictor of how many yersotlege preparatory mathematics
students would elect to do. Recently, a study prteseby Hammouri (2004) examines the
grade eight attitudinal and motivational variabtetated to mathematics achievement in
Jordan. One of the most important results repaireithis study is that confidence was
more strongly correlated with mathematics achievenie= 0.38, p< 0.05) than was any

other affective variable employed in the study.

The question is how confidence might be developelgarners so that they can improve
and apply these skills. The key factor is that sascseems to lead to confidence among
those students who have been more successful aolsekaminations (Oraif, 2007). The
essential question is how to offer success to theke are not so good at formal
examinations, particularly when based on recalinédrmation or procedures. If success
depends largely on confidence, there is a real efatitat the examination system will
generate many students who are unsuccessful, duuing their confidence. This may
well lead to further poor performance in examinagioThus, the system may lead to the
destruction of confidence. It does not seem tohieestyle of examination but the fact of
success in examination which is a crucial factorthe confidence.In that examinations
are seen as a key part of most learning, the diffquestion is how to generate success for

all (thus enhancing confidence) without losingsalhse of rigour.

5.9.4 Attitudes towards Different Topics within Mathematics

As a result of their experience in school matheesastudents learn knowledge, ideas and
acquire skills. At the same time and through thekwbey do, they develop attitudes
toward mathematics. Students’ attitudes towarderéift topics within mathematics vary
from topic to topic and depend on student’s comfadeabout the topic and the easiness of
it.

Students’ attitudes to specific topics are examingtie APU Primary Survey (1980). This
survey reveals a strong tendency for studentsrd fhathematics useful but children
appear more qualified in their views on other agpet attitudes and mathematics. When
asked whether they enjoyed mathematics, the anaasr liking and difficulty are not

easily attributable to the whole subject — theyasgociated with specific topics and forms

of presentation. This makes the discussion of@asr topics relevant and important.

The work of Cresswell and Gubb (1987) is concermweith general attitudes to
mathematics, but also the details of students’tieas to different topics and activities

within the subject which were investigated throumtset of 15 items. The items were
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designed to measure attitudes on three differenen$ions and students were asked to
respond to each activity on a five-point scale wehpect to how important it was, how
easy it was, and how much they enjoyed doing ieiiT$tudy confirms that mathematics is
considered as important subject by both boys ard. dihey also find there is a higher
association between easiness and liking rating blessveen either of these and importance.
They wondered whether the relationship betweenneasi and liking indicates that
students feel more confident with the materialttsd they like it, or conversely that they
like working on topics they feel confident about.

As far as attitudes to more specific topics withmathematics are concerned, it can be
recognised that certain topics are generally liked others disliked; some topics are
generally regarded as ‘easy’, others as ‘hard’.gémeral, a student’s willingness to
approach new material and to continue when the maateecomes difficult are influenced
by how much s/he is confident about his or her ematitics ability. Despite the instant
difficulty of the task, the student persists whénesis confident that a solution will be
found or that the material will be understood amel good teacher will be one who is keen
to encourage his/her students and promote thefidamte about their ability in order to
obtain the desired result from them. In the lighthe key role of the teacher, we now turn

to discuss the interactions of mathematics teadbdtwir students.

5.10 The Attitudes of Mathematics Teachers to Their Studnts
Fennema and Sherman (1978) assert that,

“Teachers are the most educational influence ondestis’ learning of
mathematics”

The students make the greatest development whetivpbysencouraged by supportive
and concerned relationships with knowledgeableraadonable teachers. It was clear that
the personality and the teaching style played goomant role in students’ experience of
mathematics and the classroom, because all ofedehér’s actions and words have a
bearing, either directly or indirectly. It is arglby Cresswell and Gubb (1987) that some
of these teachers opened up the beautiful worldnathematics for their students,
motivating their curiosity, encouraging them, axdieng their interest to pursue learning

mathematics, and some of their teachers’ negatigebaring portrayals of mathematics.

The role of the teacher in the classroom is tha #nat has been agreed upon by many
researchers as an element key to mathematics priehnema and Sherman, 1978;
Grouws and Cramer, 1989; Martineizal, 1996). Grouws and Cramer (1989) looked at the
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teachers’ role within the framework of problem soty They found that the classrooms of
effective teachers of problem solving skills weerwsupportive environments. Costello
(1991) found that,it appears usual for pupils to attribute good experce in mathematics
to their own prowess but bad experience is lesdyehandled. Often it is blamed on the
inadequacy of the teacher — this is hardly surpgsiand is a good defence mechariism
(p: 128). However, in the study of Christou (2008¢, found that 38% of the sample
answered the question why they liked mathematidenms of the good teacher they had
(in their previous study) and 21% because they rtstaled the logic of mathematics. This
shows that over one third of the students attrithakeir liking to their good teacher and
reflects the crucial role that teachers play wittie educational process in general and
particularly in teaching mathematics. Thereforeackers have to attach considerable
importance to the promotion of favourable attitudesheir mathematics classes. Macnab
and Cummine (1986) formulated four necessary deslibf good mathematics teachers,

which enable teachers to build up positive attituethe subject. The qualities are:

“They cultivate with pupils relationships of encagement and emotional warmth.
Encouragement can rarely be overdone.

They maintain, and are seen to maintain, a likiogdn interest and involvement in
mathematics.

They seek to develop self-achievement in pupilsutir a pattern of activities in
which such self-achievement is possible.

They discuss mathematics with their pupils rathent simply transmit it, so that
pupils can come to distinguish between mathematawt! and national convenience
and practice, and, more generally, achieve a great®areness of the process of
mathematical development”.

5.11 The Relationship between Attitudes and Attainment

Attainment in mathematics in secondary school fisnetion of many interrelated factors:
students’ capability, attitudes and perceptionsicgronomic factors, parent and peer
influences, school-related factors, and so forthdlg et.al 2002). Some of these variables
are home and family related and are difficult tarape being largely outside of the control
of teachers and schools. However, other variahleB as students’ academic engagement,
perception and attitudes are school-related vagabhd subject to change by educational
interventions. Khan and Weiss (1973) discussed/éin@bles in some detail in relation to

science education and Reid (1978) summarised shefiawn in figure 5-6.
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Curriculum input Age

Instructiona \ \ f / Gender

strategy

Classroor .q——p -«—— Religious
climate background

Personality// \ \ Teacher

Socioeconomi Achievements
status

Figure 5-6: The variables in relation to science adation (Reid, 1978)

The important point to note is how few of theseialales are open to influence within the
normal teaching situation: curriculum input, instiianal strategy and classroom climate

are obvious and, perhaps achievement can be ic#aen

Recently, educational research has devoted a gledt of effort to the relationship
between attitudes and mathematics attainment (V&R®7: Middleton, 1999; Christou,
2001; Singhet.al, 2002; Hammouri, 2004). There is evidence to supp@ seemingly
fairly reasonable belief that favourable attitudesvards mathematics lead to higher
achievement in the subject. Costello (1991) indisathat there is a common and
reasonable belief that positive attitudes, pardidyl liking for, and interest in,
mathematics, leads to greater effort and in tudmgber achievement. Aiken (1976) in his
survey of work on attitudes towards mathematics sdoefer to some large-scale
investigations, which show significant correlatioetween attitudes and achievement, but
the correlations are still low. Another study is Neale, Gill and Tismer (1970), who
indeed find significant correlation between attdguénd achievement among lower-

secondary-age students. Christou (2001), in sursingrhis results, concluded that:

“Students’ self confidence in mathematics was liglebrrelated with their
performance in the mathematics test;

The students of the sample who replied positivelihé question whether they like
mathematics, whether they enjoy solving mathemaioblems and whether they
believe they are good in mathematics performecbgttthe mathematics test.

Students’ motivation for further studying in unisy was highly correlated to
achievement in mathematics test.”
He comments, Ih this case, it is possible to assume that a p@siattitude towards
mathematics helps achievement in mathematics. Bguaixperience shows that

achievement in mathematics helps to develop a#t#udwards mathematicsThis two
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way effect is very important. Singét.al, (2002) in a study examined mathematics and
science achievement: effects of motivation, inter@sd academic engagement, found
strong support for the hypothesized relationshipd anediated effects of attitude on
academic achievement. Cresswell and Gubb (1984d) “déone of this work is able to
resolve the chicken and egg problem of whethertipesattitudes towards a particular
area of study enable students to succeed in thea ar whether success in a subject

breeds positive attitudée's

Despite the evidence supporting this, the link leetwattitudes and achievement is not so
close as may be expected, and there are othetiedfa@riables that influence attitudes
and achievement, such as home variables, gendrablseariables, teaching variables ,

gender and demographic variables.

5.12 Gender and Attitudes towards Mathematics

This section attempts to specify the interactionvafiables on the basis of gender and
differentiates between males and females beliegsd&r (1975, p: 1) indicated that the
influence of gender on attitudes towards sciendarge, remarking that,Sex is probably
the single most important variable related to pspittitudes to scien¢e The most
striking difference between the responses of this gnd boys appeared within liking or
disliking parts. It is a common finding that gidse more likely to attribute their success to
hard work or luck rather than to their ability. BhuReyes (1984) reported gender
differences in patterns of attribution of success failures in that girls areriore likely to
see success as caused by effort and less likeetsuccess by abilitgp: 568). When we
look at mathematics attribution studies using thatimatics Attribution Scale (MAS),
which was developed by Fennema, Wolleat, and Pestbme similar findings were
revealed. Pedret.al (1981), in a study of 647 high school girls and $ifgh school boys,
found that the boys, more than the girls, attriduteeir success in mathematics to ability,
and the girls, more often than the boys, attributesir success to effort. However, any

experienced teacher might have come up with thes sdservation!

Taylor’s study (1990) found that confidence was am@ant to the male and female in three
areas: teaching, learning, and research. He foatdfémales were as confident as males
in the areas to which they directed their energied, there did not seem to be any gender-

related differences in the levels of confidenceregped.

Fear of success was first defined by Horner (1968)a variable useful in explaining

gender differences in the research on achievemetivation. Mayer and Koehler (1990)
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state that fear of success describes the coniéistilting fear, and decreased performance
that many women experience because of the clagtptreeive between attaining success
and fulfilling the female role in our society. Feaf success is fear of the negative
consequences that accompany success. Horner idéntifo sources for these negative
consequences: (1) the individual's loss of her seidemininity and self-esteem and (2)
social rejection because of the success. Leder2{1&8mpted in his study to investigate
the relationship between fear of success, mathesnairformance, and course-taking
intentions for males and females. She found tlathifgh-achieving males, high fear of
success was associated with the intention of lgawnhool or taking no further
mathematics. Conversely, high-achieving females wiere high in fear of success
expressed their intentions of taking two additionahthematics courses. Mayer and
Koehler (1990) indicate,Fear of success does not seem to provide cleaaeapbns for

gender differences in mathematics

These differentiations between female and malaud#s and beliefs might be attributable
to the differential treatment of teachers. Reseaschave examined the teacher’s role in
portraying mathematics as a male domain, and the lqaestion under consideration was,

‘Are females and males treated differently withie tlassroom, and, if so, how?’

Fennema and Reyes (1981) found out thaachers initiate more interactions with boys,
ask boys more questions for discipline purposesd, ask boys more higher, lower, and
non-mathematics questidn@: 21). The researchers concluded thatyerall, girls are
receiving less attention from teachers than aresbdp: 34). At the secondary level,
Becker (1981) found thatt¢achers called on males who volunteered to responde
often than females who volunteered to respondh&racasked males more process or
higher-order questions, and teachers acknowledgedesh call-outs more often than

females.

Overall, some elements that could be contributm¢he gap in mathematics performance
between males and females have been illuminatedhli€o (1990) suggests that teachers
promote equity by considering not only the quantibpt also the quality of their

interactions with both female and male studentsl #sachers need to address higher-

cognitive-level questions to females as often anates.
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5.13 Conclusions

This chapter has offered a brief summary of theineaof attitudes, their importance and
how they can be measured. The importance of attitieyelopment in science education is
discussed before looking at the key role of atggith relation to learning in mathematics.

The overall pattern is:

Attitudes are an evaluation of something or someane they are based on the
individual's knowledge, feelings and experiencegtitddes have been widely
measured using a variety of techniques but it isioonly assumed that it is
difficult to infer behaviour accurately from theseasurements.
There are several methods for measuring attitudes @s: Likert's method,
Osgood’'s method, ratings and interviews.
Student’s attitudes towards the science discipiag/ influence whether s/he will
choose to study this discipline as an electiveextibj
Attitudes are important in an educational conteatduse they cannot be neatly
separated from study. A bad experience can leggetoeptions of mathematics
which may be important in developing negative emadns. Such evaluations
generate negative attitudes in such a way thatduiearning is effectively blocked
(Reid, 2003).
Attitudes have been generally measured using etyaof methods but it is
commonly supposed that it is difficult to infer laeiour precisely from these
measurements. Many attitudes and beliefs have ksaetied in mathematics

achievement and participation, and the ones whaste lshown the most consistent
links, have been discussed.
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Research Methodology
6.1 Introduction

The key focus of this thesis is to explore the @ngnand attitudinal factors that affect
learning and teaching mathematics. This is a huga af investigation, so a multi-step
strategy is used to examine the relationship betwdgwse variables and learning
mathematics. The first and the second steps foeubestudents and the third step looks
at the mathematics teachers’ and inspectors’ idabsut learning and teaching
mathematics. In this chapter, the main researcistoqpuns and the data sources chosen to
address the research question were identified. ddere all the procedures and methods
which were used to conduct the data collectiondatd analysis of the study are presented
within this chapter.

6.2 Study Aims

There were three main aims of this study:

To explore some cognitive factors affecting achieam in mathematics:
(@) Working memory capacity;

(b) Field-dependency.

To find out junior secondary students’ attitudesdods mathematics in Kuwait.
To find out mathematics teachers’ and inspectod#as about learning and

teaching mathematics in Kuwait.
6.3 Study Questions

This study attempted to identify the four main dioess as follows:

Are there any relationships between students’ vmgrknemory space and their
achievement in mathematics?

Are there any relationships between students’ fieldpendency learning

characteristic and their achievement in mathematics

What are students’ attitudes towards mathematics?

What is the perception of mathematics teachersiasgectors about mathematics

education in the State of Kuwait?
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6.4 A Complementarity of Quantitative and Qualitative strategies: Triangulation

In studies on learning, it is important to checkcomes from one set of observations with
the outcomes from another. This is sometimes destragriangulation, a word borrowed
from navigation. It involves using different (ordiependent) methods to research the same
issue. There is a controversy in the educationséaech literature when looking at
qualitative and quantitative methods. Some resessclsupport only one of these
approaches while others advocate the usage of &igation (or triangulation) of
approaches which can offer different complemensargngths (Muijs, 2004; Cohen et.al,
2007 and Yin, 1984). The combining of several apphes helps to overcome the
weakness, biases and limitation of using just glsiapproach and as Yin (1984, p:92)
stated “..any finding or conclusion in a case study is likiel be much more convincing
and accurate if it is based on several differentrees of information...”Furthermore, the
usage of a mixture of approaches helps in collgatiere comprehensive and robust data,
and helps to make the researcher to be more cowfidat his findings are valid (Cohen &
Manion 1994, p: 233-234).

This study employed both quantitative and qualiatpproaches and used a variety of
methods to collect data: cognitive tests, questioenand interviews. The reason for
choosing to use several methods within this study tlie distinctive contribution that each

particular method could offer to the investigat@rthe research questions.

First step — Pilot study

In orders to reach the study aims, a multi-steptsgry was used. The first step was a pilot
study which helped the researcher to identify te iksues. Two psychological tests and a

questionnaire was applied to identify the followigestions:

Are there significant relationships (correlationgtiveen students' performance in
mathematics and their working memory space?

Are there significant relationships (correlationgtiveen students' performance in
mathematics and their field-dependency characiefist

What are the attitudes of junior secondary schdotlents (ages 12-15) toward
mathematics?

How do attitudes to mathematics change with age?

How do students' attitudes toward mathematics eelat their gender, and does

gender relate to attitude change?
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Are there any significant correlations between stud' attitudes, their
performance in mathematics, their working memonacsp and their field

dependency?

Second step — Main study

The second step is the main study and attemptealore the same questions as in the
first step. Furthermore, the correlations betweemnfgpmance in different topics in

mathematics and the working memory space and dieftendency are considered. For this
purpose, mathematics tests were developed where sprestions have high working

memory demand and others have very low working mgndemand. In order to

investigate which versions of tasks will lead tgpmve mathematics performance, some
questions are presented as symbolic tasks; otherprasented as visual tasks; some of
them presented as abstract tasks and others tlsksdrto life. The same psychological
tests which were used in the first step were uggdnain the second step. In order to
explore some aspects of students’ attitudes towarathematics, another questionnaire

was developed.

Third step — Perception of Teachers &Inspectors

The third step focuses on the perceptions of madkiesnteachers and inspectors to see the
extent to which their views relate to the findinfigsm work with students. It looks for
mathematics teachers’ and inspectors’ views aldmipurpose of mathematics education
at school level in Kuwait, as well as how they sagous topics in the curriculum, and the
focus is very much on topics which were found difft for the students and the possible
reasons why these difficulties arise. This stepived semi-structured interviews which
offer an opportunity to focus on some key areawelsas giving freedom for the teachers

to expand their views.

6.5 Statistics Methods Used

Several statistical techniques were used withia tesearch. This section provides a brief
explanation for every method used. The correlationltiple regression and factor
analysis methods were used to explore the reldtipasetween variables while the t-test

and the chi-square methods were use to explorereiftes between groups.

6.5.1 Correlation

In its simplest form, correlation measures the dmessociation between two scale

variables. Correlation establishes if there is seigtionship and whether that relationship
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is likely not to have been caused by chance. Isdu# establish why the relationship
exists nor does it imply cause and effect betwéenvariables. Thus, for example, if the
height and weight of a large sample of women araswmesd, then these two measurements

are highly correlated: those who are tall tend &gy more.

There are three different types of correlation tatistics. The Pearson correlation
coefficient is the most common one and it is usedmthe data comes from measurements
from a scale (like heights, weights or exam scorége Pearson correlation coefficient
assumes an interval scale and that the measurenaeatsapproximately normally
distributed. It is not appropriate for ordinal datawhen there is a gross deviation from a
normal distribution such as the presence of ostligf the relationship between the
variables is not linear (or there is an outlyingnppthen the Pearson statistic is not the

appropriate method for the association.

Spearman correlation is used when one or bothbhlasaare not measured on an interval
scale. It is based on ranking the two variablesl so makes no assumption about the
distribution of the values. The Spearman corretatian cope with a few ties in the data
(where responses are different but still show as peint on the scale); however, when
there are a lot of tied values, the Kendall's tageborelation is more appropriate. This
method is another nonparametric correlation caefiic and is an alternative to the
Spearman correlation. Thus, Spearman may be usedelftting marks when there is
marked deviation from normality or the scale isyénited (e.g. 1 to 10). Kendall's Tau-b
finds its place where data are ordinal as in qaestire questions and there are few points
on each scale (typically five or 6). For more dstasee Hintoret.al (2004) and Pallant

(2005). For all three correlation methods, the iwiehts range from -1 to +1.

6.5.2 Multiple Regression

Multiple regression is a set of techniques that banused to explore the relationship
between one continuous dependent variable and &ewof independent variables or
predictors (Pallant, 2005). This technique is gelfyebased on the correlation, but it is a
more sophisticated exploration of the interrelatlop among a group of variables (ibid). It
can be used to address a variety of research goggfallant, 2005, P: 140), and some of

the main types of research questions are:

“How well a set of variables is able to predict arpcular outcome;
Which variable in a set of variables is the besdictor of an outcome; and
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Whether a particular predictor variable is still Ebto predict an outcome when
the effects of another variable are controlled f@@.g. socially desirable
responding).”

6.5.3 Factor Analysis

Factor analysis is &ata reduction” technique which is used to reduce or summarise a
large set of variables to a smaller set of fact@tallant, 2005).There are two main
applications of the factor analytic technique: éduce the variables number; or to detect
the relationship between variables and classifynthEactor analysis was used with this
study in order to detect the relationship betwd®n dognitive factors and mathematics

achievement. More details will be given later witile specific examples of its use.

6.5.4 Chi-square

Chi-square is a non-parametric test used to compaiterns of responses or frequencies.
For example, it can be used to compare studenbnesgo a questionnaire item which was
used before and after some teaching and learnipgriexice to see if views have changed.
It is used most frequently to test the statistgighificance of results reported in bivariate

tables.

There are two applications of chi-square: goodiéds tests, and contingency tests. The
former is used when it is appropriate to compgpatéern of responses to those of a control
group. The latter is used to compare two patterihsesponse when neither can be
considered as a control group (like comparing g girls). A contingency test was used
in the present study to:

Compare grade eight and grade nine responses.

Compare male and female responses.

6.5.5 t-Test

The t-test compares the means of two sets of measnts to see if they are significantly
different. The test assumes data are interval apdoaimately normally distributed. There
are various types of t-test available, e.g. thepahdent-sample t-test and paired-samples
t-test. If the comparison is between the mean scoféwo different groups of people then
the independent-sample t-test will be applied. Hexeif the comparison of mean scores
of the same group of people on two different o@rasi then the paired-samples t-test will
be applied. The appropriate one for this studyhésihdependent-sample t-test in order to

compare the results of various test questions pteden various formats.
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6.6 Measurement of Working Memory Space

In order to measure an individual's working memapace, the digits backwards test
(DBT) was used. In this test, the examiner readbéosubjects a series of digits and asks
them to write the digits in reverse order. For egn 76895 would return as 59867. Every
digit is read to the subjects in a rate of onetgigr second and the same time is given to
recall after the reading of the whole series isropdter the subjects finish the task, they
will receive a new task with more number of digitsl so on. Two tasks are given for each
number of digits. When the subject begins to maletakes this indicates that the working
memory has reached its capacity. It cannot holdlanger series of digits and this upper

limit is taken to be the capacity of his workingmuy.

This test was marked in the following way. When shedents fails to recall both sets of
numbers containing the same number of digits, thenprevious level was taken as the
mark that represents the capacity of his/her workmemory. Table 6-1 is an example of a
subject who was classified to have a working mentapacity equal to 5 because s/he was

able to recall the digits until level 5 but s/héefd in both attempt at level 6.

NUMBERS

O|O|W(o|0|(©O|U1|©|0| N~

R ||| N[R (N ON

O[R[N OIN|A~ O

Table 6-1: The correction of Digit Backwards Test

The sample of students was divided into groups hamew, intermediateand high
working memory spaceapacity. Students who succeeded to remembewrarse way up

to 4 digits (labelled as X = 4) were categorizedoas working memory spacé&tudents
who able to recall 5 invert digits (labelled as X5F were classified amtermediate
working memory spacand the rest who memorize 6 or more overturnedbeus) were
classified asigh working memory spadébelled as X = 6). While the test does give an

accurate measurement, there are some importanvatisas to make.

The digitsbackwardstest will give the capacity of the working mema@y one less than
the actual capacity. This is because one spacee o reverse the number order. Thus, if

the digitsforwardstest is used as well, the values for this aremoee than those obtained
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for the digits sparbackwardstest. All this can be confirmed by using the figiur

intersection test (a quite separate measuremeht e result from this test compares
accurately with those obtained from the didgswards test. This was explored by El-
Banna, 1987.

In practice, the digits backwards test is not aksvagmpletely straightforward to mark in
that the patterns obtained for a minority of stugefp not always neatly conform to an
unambiguous cut-off point between success andréillihus, some students may make
trivial mistakes (due to mishearing or occasiorzakl of concentration). However, the
problem of marking is not too serious in that, inghstudies, including this one, absolute
measurements are not as important as the nee@de gludents in rank order of working

memory capacity. The whole problem of marking waisstdered by Mancy (2007).
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6.7 Measurement of Field-Dependency

In order to measure the individual's degree ofdfidependency, the Group Embedded
Figure Test (GEFT) was used. This is based tightiyhe work of Witkin (Witkinet al.
1977). The GEFT is a test which contains 20 itentsthe test was used here to place the
students in order according to their ability todide to discriminate a required item from
its context. The test involves finding a simple getrical shape which is embedded in a
matrix of geometrical shapes. The more figures dbthre better the individual is at the
process of separating an item from its context. Tés was not used as an absolute
measure of field dependency. It merely sought &methe students in order of their ability
at this skill.

In each of 20 complex figures, the subject was diskeidentify and recognise a specific
simple geometric shape. The simple geometric shape®n a separate sheet on the last
page of the booklet and the subjects were askedntove it to be always near them. The
principle scoring scheme for the test is for eveoyrect simple shape embedded in a
complex figure one point is given, so the studam abtain up to 20 points. The whole test
of the GEFT test, along with the correct answerslwa seen in appendix (B). Figure 6-1

shows an example of the GEFT.

Figure 6-1: Example of Group Embedded Figure TE&HT)

The instructions given to the subjects were de\id:

The simple shape has to be found in the samessin®e properties, and the same
orientation within the complex figure.
The subject is not allowed to use a ruler or artyeotmeans to measure the size of

the simple shape in the complex figures.
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There is more than one simple shape embedded ie somplex figures but the
subject is required to locate only the simple shapeh is in the same proportion,
size, and orientation as the specimen.

The test is timed (20 minutes).

Different studies have used different approachedassify individuals as field-dependent
or field-independent. In Luk's study (1998), the diam was used to classify the whole
group: students gaining a score above the medidmeadverall scores were considered as
field-independent; those were who gained below rttezlian were considered as field-
dependent. The field-intermediate category wastethiin this study in order to compare

between contrasting groups (dependent versus indep.

In many research studies, the following method {gpee 6-2) was used to classify the
students of the sample into categories: field-ddpenstudents (FD) are regarded as those
who scored at least a half-standard deviation bedlmevmean. On the other hand, the
students who scored more than a half-standard ti@viabove the mean are labelled as
field-independent (FI) students. Moreover, the otseidents who scored between the
above-mentioned classifications are labelled dd-freermediate (FIT) (El-Banna, 1987;
Al-Naeme, 1988; Gray, 1997; Bahar, 1999; Danili@00hristou, 2001). This method has

the advantage that it generates three approximatglgl groups.

0.4 & Fl)

0.3 B

(]
SN

1]

H-F 4 g

Figure 6-2: Method used to classify the studentsto field dependency

114



Chapter 6

6.8 Mathematics Performance

Students’ performance in mathematics was gainethkipg the average of the student’s
marks in three tests added together. These tastorahree hours of examination during
the first term of the academic year. These werddhts used by the schools; all schools
used the same tests. Thus, the mark in mathemiaties composite, covering many

mathematical skills.

6.9 Mathematics Tests

Two mathematics tests were designed for eight amel grades according to the Kuwaiti
curricula for these grades. There are two versionsvery test; some of the questions are
common in both versions. Some of them differ in pinesentation but not in the content.
Thus, some of the questions are presented in alvisanner and some of them in

symbolic manner; and some of them are abstractrendther are applied.

The aims of designing these tests are to expl@redirelation between mathematics topics
and the students’ working memory space and theld filependency; and to explore which
version of presentation may help the studentsdolhrdnigher achievement in mathematics
examinations. Does visual presentation or the dssymbolism aid performance? Do

applied questions help students to achieve beatt@pared to more abstract presentations?

The tests were corrected and the marks distribatedrding to the system that operates in
the Kuwait education system. For the whole teststhe correction processes and marks

distribution, see Appendix (C).

6.10 The Questionnaire

In order to measure students' attitudes toward enadhics, a questionnaire was
constructed. The guidelines offered by Reid (2008)e used to guide development and

scoring:

“Jot down as accurately as possible what you aygng to find out.

Settle on what types of questions would be helpful.

Be creative and write down as many ideas for qoastas you can.

Select what seem the most appropriate from youlieep more than you need.
Keep the English (the questionnaire language) smghd straightforward,
avoid double negatives, keep negatives to a reddenaumber, look for
ambiguities, and watch for double questions.

Find a critical friend to comment on your suggesieestions.
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Pick the best, most appropriate and relevant quoesti thinking of time
available.

Layout is everything!

Try your questionnaire out on a small sample oflstis (e.g. a tutorial group) -
ask for comments, criticisms. Check time required.

Make modifications and only then apply to largeoyp.

Analyze each question on its own.”

The questionnaire involved many different questanmats, each having its own strengths

and weaknesses:

(a) Likert format on a five point scale, ranging frostrongly agreeto strongly
disagree (or from always to neve), aimed to gain information of students'
opinion about mathematics, mathematics classes exaaninations (Likert,
1932).

(b) The semantic differential (Osgocet.al, 1969) was employed to investigate
students' views about their confidence in mathersgterformance, mathematics
as a subject, their preferred topics within math#saand their preference of
mathematics compared with other subjects. Thiknigoe comprises bipolar
adjectival pairs (boring, interesting), with a seriof unlabelled 6 boxes

deposited between them.

(c) The questionnaire also contained other type of ttpresaimed to gain insight

about various aspects of learning mathematics:

Multiple tick questions, where students could ckaas many options as they want.
This type aimed to explore the reasons for likirghrematics.
Yes or No questions and the reasons for their arsswere used to explore the
students' opinions about the importance of mathesat
Rating scales, where students are asked to platersénts in order. This question
asked students to order the reasons for why stad#rduld study mathematics at
school according to the importance.
Preference ranking questions, where students chtduse things they feel most
appropriate. Students were asked to choose threleati® most helpful for them in
mathematics studies.

For more details about attitude measurement, sibedat chapter 5. See Appendix (D) for

the questionnaires.
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The questionnaires were first written in Englishd @hen translated into Arabic ensuring
the same sense as far as possible from English rabi@\ Arabic versions of the
questionnaire were trialled using other Arabic pesuate students at Glasgow University

to ensure the sense of the items had not beemlosinslation.

Attitudes and beliefs tend to be highly complex amdlti-faceted. It is not easy to deduce
an attitude precisely from one single question quastionnaire. The aim here was more to
‘paint a picture’ of the way the junior secondashsol learners saw mathematics. To
enrich the picture, a group of individually analgdeur or five questions (essentially used
to measure different aspects of an attitude cohaeifitbe “qualitatively added” (Reid,
2006, p: 18) to reach a final judgement about theude in question. This approach of
treating the data has been used in several st¢gligsReid, 1980; Hadden & Johnstone,
1982; 1983a, 1983b, Reid & Skryabina, 2002a, 20@2)it“would allow for unmasking

important and rich group variancegEIl-Sawaf, 2007).

It is well worth stressing that, in the statistidt@atment, individuals’ attitudes were not by
any means measured in any absolute sense. Reifl)(2@fues that;This simply cannot

be done with attitudes. In the present state ofwkedge, attitudes cannot be measured in
any sense, with any degree of certainty. Howewesponses to attitude measures can be
compared: before and after some experience; betwgerdifferent groups such as male
and female.” (P: 11). In this study, a picture was gained twfdent attitudes while
comparison were made between subgroups (year grbags and girls), this comparison

being analysed using chi-square as a contingeisty te

6.11 The Interview

The main purpose of the interview was to exploeefghrceptions of mathematics teachers
to see the extent to which their views relate te timdings from work with students.
Questionnaire was not used with teachers becausasitelt that they would be unwilling
to complete these for fear of them been used &retheir careers. Having decided on the
interview as a method to collect these data, the step to be addressed is the format of
the interview itself in particular, whether the entiews would be highly structured or

totally open. Between these extremes lies the sémctured interview (Reid, 2003, p: 29).

Wigihly struetured <$@mmm > Totally open
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In a semi-structured interview, the interviewerssagb a general structure by deciding what
ground was to be covered and what main questions teebe asked (Drever 1995, p: 1).
Thus, this work involved semi-structured interviemsich offer an opportunity to focus on
some key areas as well as giving freedom for thehers to expand their views (Reid,
2003). The interview is also flexible in the wayaththe interviewer can clarify the
questions and ensure that the interviewees underst@m (Henerson et.al, 1988, p: 25).
While a semi-structured interview technique wasdus@en-ended questions were used to
follow leads and introduce new questions. Open-émfiestions permit flexibility, deeper
probing of answers, clarification of misunderstagdiand the testing of what the

respondents truly believes in the interview sitrati

Interviews were carried out with mathematics teeslagd inspectors in their work places
(schools for teachers and the mathematics departmethe education ministry for the
inspectors). The interviews were conducted in dyfaglaxed and comfortable atmosphere
where the teachers were informed that this study hélp to improve mathematics
education and all the information in these intamgewill be held securely. The
interviewees were reassured that their names wutlthe associated with the notes taken

in any way nor would the interviews affect thentlaeir jobs in any way.

One key problem with all interviews is how to retdhe outcomes. The researcher can
choose between note taking, either during or afterinterview, or tape-recording and
transcription (Reid, 2006, p: 30-31). Notes wereetain shorthand by the interviewer,
which gives the interviewees a sense of ease aodueages them to talk freely. The
duration of every interview varies from 25-35 miesitand final notes were developed
immediately after the interview finished, this pess taking approximately half an hour.
The researcher translated all of the developedsnote English, so the interviews are

written in the sense of the interviewees’ wordg,exactly what they said.

11€
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6.12 Reliability and Validity of Attitude Measures

Reliability refers to the degree to which a teclueigyields consistent scores or values
when the attitude is measured a number of timeawS% Wright, 1967, and Chaiken &
Eagly, 1993). However, this understanding of religbis often confused with internal
consistency. Thus the extent to which the varieess are consistent with each other is
what they are measuring. While internal consistanay be very important in measuring a
specific latent construct, attitudes are so malteted that such consistency is not
appropriate at all. Nonetheless, internal consestes still confused with reliability in
various measures suggested. Reid (2006) arguemdsitreliability techniques are simply
measures of internal consistency and offer moreless no evidence on test-retest

reliability (see, for example, Gardner, 1995, wikxdsses this clearly).

Three main experimental methods which, supposegigk to assess the reliability of an

attitude technique exist:

The Test-retest Method he test-retest approach uses the same measuweoaoughly
equivalent occasions to see if the outcomes ardasinThus, for example, Reid (2006)
notes the use of an attitude survey with very laggmups of students in two successive
year groups where the two groups were seen as protess equivalent populations.
Equally, it is possible to use a questionnaire witle group on two occasions, separated by
a short space of time although it is possible théth a short questionnaire, students may
recall answers from one occasions to the next. Bbthese approaches consider the same

test used on more than one occasion.

The Equivalent-forms Metho#lere there are two equivalent forms of the t€sese two
forms are then administered to a group of partiiathe reliability being assessed by
comparing the two sets of outcomes. One major daalbf this approach is the practical
difficulty in designing test items that are consrgtin the measurement and the degree to

which the two forms do measure the same attituskb tlas is often not feasible.

The Split-half MethadSpilt-half methods of reliability measure theeimtal consistency of
a test. The test items are divided in 2 (randomlynca predetermines way such as odd-
even questions). The outcomes from the two halvescampared and then, often, a
statistical correction is applied to estimate tekability of the whole test, known as the
Spearman-Brown prophecy formula (Spearman, 191@wBy 1910). However, this
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technique is essentially a measure of internal ister&y and is not helpful in typical
educational settings (Reid, 2005, Shaw and Wri§b&}).

Reid (2006) argued that most of these statistezhiniques measure consistency instead of
reliability and they bffer more or less no evidence of test re-testibdity” (see, for
example, Gardner, 1999ndeed, internal consistency is not a helpful idteaducational
measurement. For example, if a mathematics teshicsn10 questions, the last thing the
setter wants is for the ten questions to meas@rsdme thing or even be totally consistent
with each other in the way the students perforrthdfe was high internal consistency then
it would be much simpler to set only one questiot save considerable time for everyone.
The setter wants to explore ten different areab@turriculum, ten different skills, or ten
different aspects of mathematical ability (Reid,/892006).The evidence that internal
consistency offers is thatif a student knows one area, he might well perforll in
another, but that does not say anything about #hiability of the test”(Reid, 2006, p:10).
Split-half measures say nothing about reliabiliBeid, 2006) while it becomes almost
impossible to measure reliability by asking the saguestion in another form because it
will no longer be the same question any more (Opem, 1992). Therefore, test and re-
test are recommended in checking the reliabilitthefused questionnaire. However, this is

often not practical or even possible.

Therefore, Reid (2003) argues that, if tests orstioenaires are designed carefully to
avoid ambiguity, the items are moderately difficalhd the length of the tests or
questionnaire are reasonable, using large samities, reliability will not be a serious

issue. He stated that evidence suggests that aigtheliability can be gained by:

“Using large samples;

Careful pre-testing;

Checking that test conditions are socially accefg@ab
Using enough questions, with cross checks

(e.g. repeated questions, similar questiéns).

(Reid, 2006)

Validity is much more important than reliabilityn@ it can be defined as the extent to
which the instrument measures what it is supposaddasure (Chaiken & Eagly, 1993).
There are four facets of validity which have beescassed (Apa Committee, 1954;
Cronbach & Meehl, 1955): predictive validity, con@nt validity, content validity, and

construct validity. Predictive and concurrent vayidmay be considered together as

criterion-oriented validity.
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Criterion-oriented Validity A test can be said to be valid if it predicts soappropriate

future performance accurately. If the performarscm ithe future it is known as predictive;
if the performance is observed about the same tiim®,called concurrent (Cronbach &
Meehl, 1955; Shaw& Wright 1967). The problem witkitade measures is that attitudes
do not necessarily predict future behaviour prégismyway as the Theory of Planned

Behaviour makes clear (Ajzen, 1985).

Content Validity Content validity is the extent to which the qicest being asked reflect
the area under study with accuracy and relevamngs.of little value to assess abilities in
simultaneous equations by setting questions onrguaduations! In typical mathematics
testing, the questions must reflect the syllable,&ims being explored and the level of
difficulty appropriate to the group (Cronbach & Nd€el955; Shaw & Wright 1967).

Construct validity The construct validity concept is more complidatthan other
categories of validity. The construct validity of mstrument refers to the degree to which
you can be sure it represents the construct whaise mppears in its title (Henerson et. al,
1988). This sounds straightforward but attitudes laighly complex and multi-faceted.
Attitude measures do not consider one construcenEa phrase like ‘attitudes to
mathematics’ is complex in that this involves a &vrdinge of quite disparate aspects such
as interest, relevance, understanding, usefultessher approaches, workloads and so on.
Although it is argued that construct validity cae éstimated by considering opinions of
others, various correlation techniques, criterioodg studies and a even appeal to logic
(see Cronbach & Meehl, 1955; Shaw& Wright 1967; éfeon et. al, 1988), in attitude
measures for educational use, the key way forwatayidiscussing a proposed measure
with others who are knowledgeable of the themesgbekplored and the population under
consideration. Indeed, this is no different to Wey mathematics examinations are often
constructed by responding to the comments of aglles. Overall, Reid (2006) has argued
that, “There is no absolute way to establish validity $rrisible checks can be made which

can offer some encouragenierde points out that validity can be checked by:

“Seeking opinions of a group of those who knowpihygulation, the attitudes
being considered and the social context.

Developing questions based on the population @fangle, by means of
discussion or previous questionnaires).

Sample interviewing.

By comparing any conclusions drawn from the atgtageasurements with

other independent observation.”
(Reid, 2006)
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In establishing instrument validity and reliabilityeveral steps were taken in this project.
All measurement instruments were carefully scraédiby colleagues and their comments
were incorporated into the improvement of the unsients. Second, the Arabic versions of
the instruments were judged by other Arabic posigase students at Glasgow University
to ensure the sense of the items had not beennldsanslation. Third, a group of the
students were interviewed by the researcher. Thabigy of the study was achieved
through using various methods in data collectiar. é&xample, large samples were used in
this study, the questionnaires used both closddmnstmts and open ended questions with
cross checking questions to ensure the reliabditythe instruments. There were high
significant correlations between question suclnd fmy mathematics knowledge useful in
daily life’ and ‘I think mathematics is useful sebf’ (r = 0.5, p < 0.001), ‘I am getting
better at mathematics’ and ‘I feel | am coping iMall= 0.6, p <0.001), and ‘Boring’ and
‘Mathematics classes are boring'{ 0.7, p < 0.001).

6.13 Conclusions

The main purpose of this research is to explore dbgnitive and attitudinal factors
affecting learning and teaching mathematics. Thigpter has attempted to throw some
light on the approaches adopted in this study. §tbedy used many different techniques
which involved both quantitative and qualitativgpagaches.
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Cognitive Factors and Mathematics Achievement

Phase One

7.1 Introduction

The main focus of this phase is to explore theticelahip between achievement in
mathematics and cognitive factors (working memaapacity and field dependency) as
well as attitudinal factors. A sample of 472 Kuwaiudents was involved in this phase.
The sample was collected from two different ageugr¢grade 8 and grade 9), and the
sample contains a roughly equal number of boysgitgl The findings of this phase are
discussed in two chapters. The first chapter foxusethe cognitive factors affecting

achievement in mathematics and the second one dscnis attitudinal factors. In this

chapter the following questions are explored:

The relationship between working memory capacity mathematics achievement.
The relationship between field dependency and legrmathematics

Are their any age differences in mathematics agmeant?

The steps can be summarized in the following offagure 7-1).

( Cagnitive Fadors )

Forking Meutory Field Dependency
Capacity

Digit Bachward Gm@ Exbedded
Test (DBT) (MMeﬂmﬁcs Ach.ievemem‘.) F‘?;;F%”

Tests Lised by
the Schools

Figure 7-1: First phase procedures
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7.2 Students' Sample Characteristics

The sample for the research was selected fromuivier secondary schools in the state of
Kuwait. Three of these schools are girls’ schoals &vo are boys’ schools. These schools

reflect the makeup of Kuwaiti communities.

Junior level involves four grades: grade six, graeeen, grade eight and grade nine. The
grade eight and grade nine were chosen to refladests' attitudes towards mathematics
after they spent at least two years in the junemosdary level. 233 students involved in

this study were from grade eight and 239 students rade nine. The sample description
is shown in table 7-1 and the bar chart (Figurg.7-2

GRADE 8 GRADE 9
GROUP TOTAL
(14 years) (15 years)
BOYS 105 112 217
Girls 128 127 255
TOTAL 233 239 472

Table 7-1: Sample characteristics (First phase)

Gender

W Boys []Girls

Figure 7-2: Sample characteristics (First phase)

Three instruments were used to collect data ferghidy. Two psychological factors were
measured for every student of the sample in throgept: working memory space and field-
dependency. The third instrument measured studattitsides towards mathematics (see
chapter 8).
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Students’ performance in mathematics was gainedakwyg their marks in three tests
added together. These were the tests used by allsthools. Thus, the mark in
mathematics is a composite, covering many matheaiatkills. These instruments were
administrated in December 2005, the end of thé térsn.

7.3 Attainment in Mathematics

Students’ attainments in mathematics were gainenh fusing the average of three tests.
These tests ran for three hours of examinationnduttie first term of the academic year
2005/2006. The mean performance was 6BPorder to explore any relationships between
their mathematics performance and their working wmnctapacity and extent of field

dependency, Pearson correlation was employed.

7.4 Working Memory Measurement

The distribution of the students’ Digit Backwardsest (DBT) total scores is shown in

Figure 7-3.

Mean =5.0

Std. Dev. =.35
N =472

P
[&]
c
3]
=]
o
]
=
LL

Working Memory

Figure 7-3: The distribution of the Digit Backwards Test scores

Descriptive statistics demonstrates that the méaineoscores is 5.1 and this is completely
consistent with the established norms for this Gy®rage age a little over 14) gives a
mean of a little over 6. The digit span backwaets gives results about 1 less and that is

consistent with the mean value of 5.1.
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It is possible to divide the sample into three g®un order tallustrate the correlation
(Danili, 2001). The sample of 472 students was gmateed into groups namelyow,
intermediate and high working memory spaceapacity. Students who succeeded to
remember in reverse way up to 4 digits (shown as4X were categorized &swv working
memory spaceStudents who able to recall 5 invert digits (shas X = 5) were classified
as intermediate working memory spaesd the rest who recall 6 or more reversed
numbers, were classified dsgh working memory spadshown as X = 6). Table 7-2

shows the number of students in each category.

o | Mo | eemcan
X=4 147 31%
X=5 155 33%
X=6 170 36%

TOTAL 472 100%

Table 7-2: The Classification of students into worlkng memory space capacity groups

Students' working memory capacity (X-space) clasgibn according to their grades is

illustrated in the following bar chart (Figure 7-4)

4 5 6
Working Memory Capacity (X-space)

Figure 7-4: Students' working memory capacity (X-spce) classification according to their grades

Figure 7-4 shows that the average working memopgcisy grows with age. This supports
the finding of Miller (1956) who showed that theesage capacity is about seven plus or
minus two (7 + 2) separate chunks for adults, an adult being defase16 years or older.
Miller found that the working memory space growsdbout half a chunk each year on

average. Table 7-3 shows the classification ofwhele sample into X-space according to

their grades
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Group NUMBER OF STUDENTS
GRADE 8 GRADE 9
X=4 86 37% 61 26%
X=5 83 36% 72 30%
X=6 64 27% 106 44%
TOTAL 233 100% 239 100%
Mean 4.85 5.28

Table 7-3: Students' working memory capacity (X-spee) classification according to their grade

7.5 Mathematics Attainment and Working Memory

Correlation between working memory space capacity gerformance in mathematics in
the Christou study (2001) gave a correlation vadfi€.40 and Alenezi (2004) gave a
correlation value of 0.52, these being significainkess than the 0.001 level. The data here
gave a correlation value of 0.24, this being sigaiit at less than the 0.01 level
(mathematics performance has been standardiseabtbrgroups). The difference in the
correlation might be attributable to the differemathematics tests that were used in these
experiments. To illustrate this, table 7-4 providesomparison between students’ working
memory space and their mean scores in mathem#ticsn be seen from table 7-4, high
working space capacity students (X=6) performedeben mathematics than these with

lower working memory space capacity (X = 4).

GROUP MEAN SCORE IN
(X-Space) MATHEMATICS
X=4 60
X=5 69
X=6 70

Table 7-4: The relationship between working memoryand mathematics performance
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A scatter diagram was drawn for the two variabMforking memory capacity (X-
capacity) and performance in mathematics (Figui, 7in addition to calculating the

Pearson correlation coefficier).

©
=}
|

N
o
1

D
o
1
OGO OA@OCMONMOI @ @ O

-
c
@
£
o
>

Q

=
S

<
0

2
IS
IS
@

e
S
<

=

N
(=}
|

T T T
4 5 6

Working Memory (DBT)

Figure 7-5: Scatter diagram of scores in DBT relaté to mathematics performance

Table 7-5 illustrates the relationship between eitsl working memory space and their

performance in mathematics according to their ggade

Group MEAN SCORE IN MATHEMATICS
GRADE 8 GRADE 9
X=4 61 58
X=5 71 66
X=6 71 70

Table 7-5: The relationship between working memoryand mathematics performance according to
grades
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7.6 Field-Dependency Measurement
The sample of 472 students was divided into the@ening style categories according to

their scores in the Group Embedded Figure Test {GEFhe distribution of students'

scores in the GEFT test is shown in Figure 7-6.

Mean =4.4
Std. Dev. =3.0
N =472

-
2)
c
B 40
o
9]
Q
L

5 10 15
Field Dependency (GEFT

Figure 7-6: The distribution of Group Embedded Figue Test scores

Students’ who scored less than half the standavethtien less than the mean in the
GEFT were classified as Field Dependent (FD), amelytform 32% of the sample.
(Field Dependent <4.41- 3.078/2)

Those who scored more than half standard deviatmme than the mean were
considered Field Independent (FI), 33% of the sangField Independent >
4.41+3.078/2)

The rest who scored between these values werdddlfekeld Intermediate (FIT),
and they form the largest proportion of (35%). @.8.078/2 < Field Intermediate
> 4.41+3.078/2)

Table 7-6 shows the number of students in eachilegstyle category.

GROUP NUMBERS OF
STUDENTS PERCENT
Field Dependent 153 32%
Field Intermediate 165 35%
Field Independert 154 33%
TOTAL 472 100%

Table 7-6: The classification of the student intoi€ld dependency
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The classification of the students' field depenegieiS divided into groups according to

their grade (Figure 7-7).

FD FIT Fl
Field Dependency (GEFT)

Figure 7-7: Students' field dependency classificain according to their grades

42% of grade eight sample categorises as fieldrakgp#, whereas slightly more than this
proportion (43%) of grade nine sample categoriseBiald Independent. A t-tegave a
value of t=16.0, p <0.001 and this supportsviee's of Witkinet al. (1971) and Gurley
(1984) who thought that field dependency is affédig the subjects ages (see chapter 4).
Field intermediate obtains similar proportion irades eight and nine samples, (36%, 34%

respectively). Table 7-7 shows the classificatidnttee whole sample into their field

dependency.
Group NUMBER OF STUDENTS
GRADE 8 GRADE 9
FD 99 42% 54 23%
FIT 83 36% 82 34%
FI 51 22% 103 43%
TOTAL 233 100% 239 100%

Table 7-7: Students' field dependency classificativaccording to their grades

7.7 Mathematics Attainment and Field-Dependency

The same approach was adopted with field depend@heyPearson correlation value was

0.43, significant at less than the 0.001 level,levim the Christou study (2001) gave a
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correlation value of 0.50 and the Alenezi (2004idstgave 0.60. The difference in the
correlation might be attributable to the differemathematics tests that were used in these
experiments. Table 7-8 illustrates that field-inelegient students achieved better than other

groups of students. A scatter diagram for thesmbhas is presented in figure 7-8.

GROUP MEAN SCORE IN
MATHEMATICS
FD 59
FIT 65
Fl 75

Table 7-8: The relationship between students' fieldlependency characteristic and their performance
in mathematics
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Figure 7-8: Scatter diagram of scores in GEFT relad to performance in mathematics

Table 7-9 shows the relationship between studdiatisl dependency characteristics and

their performance in mathematics according to theades.

Group MEAN SCORE IN MATHEMATICS
GRADE 8 GRADE 9
FD 62 56
FIT 70 64
Fl 79 74

Table 7-9: The relationship between field dependegcand mathematics performance according to
grades
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7.8 Working Memory, Field-Dependency and Performance

Separate analyses of the performance in mathematibsworking memory space and
with field dependency indicate that there is atietship between the two psychological
factors and achievement in mathematitss worth looking at the influence of these two
factors together on the performance in mathematit®en these independent variables, the
students’ X-space and their degree of field-depeogl@re put together in the regression
model, they explain 21% of the total distributio the students’ performance in
mathematics. This indicates a significant correfatibetween these factors and
achievement in mathematics. Table 7-10 below shibe/subgroups of students’ X-space
and their degree of field-dependency with the meznserformance in mathematics for
each subgroup. The effect of working memory cagaanitd extent of field dependency is
quite considerable, table 7-10 showing a gain dfd@ performance between the least

favoured group and the most favoured group.

FD FIT Fl
GROUP | Mean score| Mean score| Mean score

X=4 56 60 70
AN
4
X=5 61 67 76
\\
a4
X=6 62 70 78

Table 7-10: The relationship between field dependey and working memory with mathematics
performance

There is a direct relationship between studentliesement in mathematics and their
scores in both psychological tests, working menspgce and field-dependency. When the

scores in these tests are increasing, the achiextemmathematics is also increasing.

Table 7-10 shows that field-dependent students wiatking memory capacity X = 5 had
the same mean scores with field-intermediate stsdeih working memory capacity X =
4. These results might be attributed to the abidftjield-independent students with low or
intermediate working memory capacity (X = 4, X =t6)distinguish the important and
relevant information from irrelevant informationlloaving them to use their working
memory space efficiently. Field-dependent studeitls high working memory capacity,

on the other hand, do not have this ability; themefunimportant and irrelevant items
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occupy their working memory space. This explanatieas offered first by Johnstone
(1993).

A Summary This chapter has examined two cognitive factbeg affect achievement in

mathematics. The most important findings can bensarised as follows:

Students with high working space capacity (X = 6)fprmed better in mathematics

than those with lower working memory space capdgity 4).

Field-independent students achieved better thaer gtioups of students.

There is significant relationship between the twsyghological factors (working

memory space and field-dependency) and the ach&vieim the mathematics test.

Field-independent students with low or intermediateking memory capacity (X = 4,
X = 5) perform better in mathematics because oir thbilities to distinguish the
important and relevant information from irrelevante, allowing them to use their
working memory space efficiently. Field-dependemidsnts with high working
memory capacity do not have this ability; therefareimportant and irrelevant items

occupy their working memory space.

Having looked at two cognitive factors, the nexgst is to look at the attitudinal data to

see if this points to other factors influencingsess in mathematics.
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Attitudes towards Mathematics

Phase One

8.1 Introduction

Several studies have attempted to look at studéhides in relation to ways of teaching
and learning (Thompson & Soyibo, 2002; Reid & Skipa, 2002a; Bergt al, 2003). One

study in Scotland (Johnstone & Reid, 1981) offesethe guidelines about the fundamental
principles that might underpin attitude developmienthe context of school science but
this study was never followed up (Reid, 2006). T¢hapter explores students’ attitudes

towards mathematics as follows:

The importance of mathematics as discipline;

Students’ attitudes towards learning mathematics;

Confidence in learning mathematics ;

And compares students’ attitudes towards diffetepics within mathematics;
The relationship between attitudes and achievement;

The gender difference of attitudes towards mathiesat

The survey looked at grade eight (age 14) and gnade(age 15) in typical schools in the
State of Kuwait. A sample of 472 Kuwaiti studen@swnvolved in this questionnaire, the

same sample as in the previous chapter.

oo | e | oo [ om
BOY 105 112 217
GIRL 128 127 255

TOTAL 233 239 472

Table 8-1: First phase sample characteristics

Each question was analysed separately. The tabtes the response patterns for grade
eight and grade nine groups together and then camibeir responses. Later in the
chapter, the patterns for boys and girls are coetparhe data are shown as percentages
for clarity. Chi-square was used as a contingeasyto compare between groups and was

calculated using the actual frequencies.
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8.2 General Attitudes towards Mathematics

. . - SA| A| N| D | sD
Tick the box which best represents your opinions

| usually understand mathematics idea easily 15 26 6 8

I do not enjoy mathematics lessons 18 | 11| 25/ 17
I think every one should learn mathematics at secafary school 20| 11| 16
| think | am good in mathematics 23| 25| 23 13| 16

You have to born with the right kind of brain, to be good in mathematic 21
To be good in mathematics, you have to spend moriene studying it 21| 10| 10

I think mathematics is useful subject 20| 5| 10
I find my mathematics knowledge useful in daily li& 25| 10| 10

Table 8-2: students’ attitudes towards mathematicen general

The purpose of this question is to find out thedshis' attitudes and feeling towards
mathematics in general. The majority indicates thair understanding of mathematics
ideas is neutral. Perhaps their understanding vdrgam topic to topic according to the
easiness and the importance of the topic. Despite thirds of the sample seeing
mathematics as a useful subject, half of them dégaghat mathematics should be a
compulsory subject in secondary school. One quadierthe sample believe that
mathematics mastery is a genetic ability; on theelohand, a majority think mathematics
mastery depends in the time and the effort thatestuputs in studying mathematics. The

majority think mathematics is useful subject, amd ftheir mathematics knowledge useful

in daily life.
Grade 8 Grade 9 salA | N|D|sp| ¢ |[df| p
L. . 16 | 28 | 44| 6 7
| usually understand mathematics idea easily 27 | 4 n.s.
14 | 24 | 48| 6 9
. . 14 | 10 | 25 | 17 | 34
| do not enjoy mathematics lessons 11.4| 4| <0.05
23 | 12| 26| 18| 22
| think every one should learn mathematicsat | 20 | 12 | 20 | 17| 31 59 | 4 ns
secondary school 19 | 1121 13| 21| 36 : e
. . . 201220 | 17| 31
| think | am good in mathematics 33| 4 n.s.
19 | 11| 13| 21| 36
You have to born with the right kind of brain, 26 | 26 | 23| 11| 14
- h 08 | 4 n.s.
to be good in mathematic 21 | 24| 24| 14| 18
To be good in mathematics, you have to spend | 14 | 10 | 21 | 22 | 32 37| a ns
more time studying it 13 (12| 20| 20| 34 ' e
. L . 34 |1 26|21| 8 11
| think mathematics is useful subject 1.2 | 4 n.s.
37 |21 22|12 8
i i i 451231 19| 5 9
| flnd my mathematics knowledge useful in 14.1| 4| <001
daily life 40 |22 22| 5 | 12

Table 8-3: A comparison between grades 8 & 9 attitles towards mathematics

There are few differences between year groups. Memyvehere is a decline with age in

enjoyment of mathematics lessons and view of teéulisf mathematics decline with age.
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These changes perhaps can be attributed to incgeasificulties and more abstract

concepts.

8.3 Like/Dislike Mathematics

| like mathematics because...

16% | Hate Mathematics

10% | | amgood in it

3% | do not need to study before the exam
It will help me in my career

11% | | understand its logic

12% | | have always liked it

9% | always have high mark in it
| have a good teacher
| think it helps me in my life

Table 8-4: The like/dislike of mathematics

In this question students can select as much assagrthey want. In spite of the
importance of mathematics and the potential enjoyrtteat students can experience from
it, there is a growth of dislike and hate matheasaimong students: 16% of the sample
state that they hate mathematics, (14% grade €ight, grade nine). ‘I hate mathematics’
iS not a category offered in this questionnaird,tha students wrote it in, suggesting very

strong views.

Two choices 'it will help me in my career' andHink it help me in my life' are rated
highly. One fifth like mathematics because theyehgwod teacher and this reflects the
important role that teachers play in the learningcpss. It is interesting to note that the
three main reasons for being attracted to mathematiate to its usefulness (in terms of
life and career potential) and the impact of trecher. This is very similar to the findings
in the sciences where, for example, Reid and Sknga(2002) found that, for physics, the
quality of the curriculum, the teacher and the eangotential were all factors. By the
quality of the curriculum, students were describlie@yning experiences where they could
see what they were doing was related to theirtifesPerhaps, the responses of students
in relation to mathematics when they suggested ity liked mathematics because it

helped in their lives is saying something similar.
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8.4 Importance of Mathematics

Do you think mathematics is important?
Useful in daily life

Yes, Because &l !t will help me in my career

0,
(ke 1 | love mathematics

1 I do not need to study for the exam

4 No, Because... very abstract

No, Because -
2204 2 | can't understand it

Not related to the real life

Table 8-5: Importance of mathematics

The aim of this question was to find out studespshions about mathematics importance.
The belief that mathematics is important is fastyong and does not change during the
school life, where 83% of grade eight and 71% afdgrnine think that mathematics is an
important subject. As shown in this table, the waagjority of the sample sees mathematics
as an important subject. Mathematics derives ifgoitance from students' beliefs that
mathematics is useful in daily life and will helpem in their careers. One fifth of the
sample believe that mathematics is unimportant @uey explained this view mainly
because mathematicsnet seen as related to the real life. The importaricghgsics is
being perceived as related to life was establighe®eid and Skryabina (2002) and this
seems a more general pattern in many subjectsHasgein, 2006). This is a real problem
in mathematics. While it is of enormous importaicenany areas of life and in numerous
careers, this is not always obvious to young laatrieis not easy for teachers to bring in
applications. The introduction of another level thbught while studying mathematics
would almost certainly cause excessive working nymioad. The procedures of

mathematics have to be taught first before theiegpins are added.
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8.5 Attitudes towards Learning Mathematics

What are your opinions?
| am confident in mathematics classes 28 | 17 8 | am not confident

Mathematics is too abstract for me 19 7 18 | 25| Mathematics is too easy

| am getting worse at mathematics 14 5 17 | am getting better

| feel | am coping well 17| 16| 13 9 12| |feel |l am not coping well
Mathematics classes are boring 28| 5 11 | 24| interesting

Table 8-6: Attitudes towards learning mathematics

The aim of the question was to find out studerp#ions about learning mathematics. In
general, students tend to be positive although nmexpress fairly neutral views. One
exception relates to mathematics being seen asdosihere a very considerable
proportion hold a negative view. To clarify thiemd a comparison between grades eight

and nine is considered.

Grade 8 Gra@e c2 |df| p

. . . 3112016 13| 7 | 13
| am confident in mathematics classes 6 T12a 120131 8 120 85| 5 n.s.

Mathematics is too abstract for me 1518115115117/ 29 57| 5 n.s.

23| 6 | 16|16 18| 21

. .10 5 |12]|16| 20| 37
| am getting worse at mathematics 81 2 (12119 14 34 85| 5 n.s.

| feel I am coping well SRR L 86 | 5 n.s
32|14 | 16| 13| 11| 15 ) o

. . 21| 4 | 14| 19| 12| 31
Mathematics classes are borin 3517 1218101 18 18.4| 5| <0.05

Table 8-7: A comparison between grades 8 & 9 attitles towards learning mathematics

The above table shows the distribution of gradétesand grade nine student's responses
and chi-square values. Again, there are few diffees with age although it is a matter of
concern that the perception of mathematics as gogrows with age. Several other
comparisons are close to significance at the 5%l.1€¥ considerable interest is the area of
confidence. Views are generally polarised, sugaggsthat a significant minority lack
confidence. Student’s confidence about his/heiitghd a crucial variable in the learning
processes, and it is argued that confidence istténde towards oneself and it depends
heavily on experience (Oraif, 2007).
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8.6 Mathematics Preference among Other Subjects

Tick your class preferences:

Arabic Language 6| 14| 9| 6 Mathematics
Mathematics 5| 11| 10| 6 English
Mathematics | 18| 6| 10 9 6 Geography

Science 9| 17| 12| 3 Mathematics

Table 8-8: The preference of mathematics among otheubjects

In this question, students were asked to preseit piheferences between mathematics and
Arabic language, English, Geography and ScienagdeBits’ views are highly polarised:
they like mathematics or hate it relative to otkebjects. Perhaps, the majority of the
students prefer geography because of its usefuams®asiness. Furthermore, geography
provides the students with information about tlegivironment. In all cases, mathematics
occupies a low position compared with other subjethis negative attitude might be
attributable to the fact thatnfathematics does not involve the learner in reweal
emotions or opinions and hardly involves, of abwoloecessity, any interaction with
others (Orton, 2004: p: 154).

8.7 Attitudes towards Different Topics

Tick your class preferences:
Fractions | 18| 3| 14| 16| 7 Geometry
Sets|JBEl 9| 11| 5| 2| 6| Fractions
Algebra | 12| 2| 6| 11| 10/l Sets
Geometry 5| 10| 12| 3 Linear equation

Table 8-9: Attitudes towards different topics in mahematics

This question aimed to find out students' attitu@gards different topics in mathematics.
Again, students’ views are highly polarised. Theabtable shows that students’ attitudes
towards different topics within mathematics diffesm topic to topic. This variation may
depend on student’s confidence about the topic thedeasiness of itTopics such
geometry and sets are highly preferred. On therdihad, topics such as fractions and
algebra occupy low positions because these topesery difficult and demand a highly
structured mind to work with them. However, overdile differences may simply reflect

the way various topics are treated and the levdkafiand set in the school syllabus
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8.8 Mathematics as a Subject

Think about Mathematics as a subject:
Abstract | 19| 9 12 | 26| Not abstract
Difficult Il 16| 19| 12| 13/ Easy
Unrelated to life | 19| 5| 9| 17 Related to life
Boring | 30| 6 10 | 23| Interesting
Not useful for careers| 13, 3 9 12 Syl Useful for careers

Complicated |JEEIEM 11| 17| 13| 14| Straightforward

Table 8-10: Attitudes towards mathematics as a subft

The aim of this question was to explore studengshions towards mathematics as a
subject. The strong observation is that, despitglesits’ beliefs that mathematics is
important and related to life, the high proporti@istudents see mathematics as a difficult
and complicated subject. The tendencies become mew#al in their views about the

abstract nature of mathematics and their interesmathematics as a subject. It is
noteworthy that the view that the problem with neatlatics is its abstractness is not really
supported by the data here. Abstraction, on its,asvmot a fundamental problem. When
abstraction leads to working memory overload, it e a problem and when abstraction
leads to a loss of reality for the learner, thetituates may deteriorate. The work of

Hussein (2006) in chemistry illustrates these ppies well.

It is possible to correlate the students’ viewshafir confidence in mathematics with their
attitudes towards mathematics as a subject. Tliene using Kendall's Tau-b correlation,
the data being ordinal. The correlation values betwmathematics confidence and coping
well in mathematics =0.52; interest in mathematics classes0.48; seeing mathematics
as easy = 0.47; and straightforward subjectz 0.46, all highly significant at the 0.1%
level. Students who lack the confidence in doinghmmatics are seeing mathematics as
abstract, difficult, boring and a complicated schjdt is difficult to know what causes
what here. Do the abstraction, difficulty, comptioas and feeling of boredom cause lack
of confidence or is it simply that these variousws happen to tend to occur in the same

students?
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Grade 8 Grage c2 | df p
14| 10| 17| 15| 14| 29
Abstract 15.7| 5| <0.01
23| 7 | 16| 21| 10| 23
- 2711|1520 13| 14
Difficult 58| 5 n.s.
35| 8 |16 18| 12| 11
. 16| 4 | 10| 17| 13| 41
Unrelated to life 70| 5 n.s.
22| 7 | 8 | 18| 13| 33
] 21| 5 |11 23] 12| 27
Boring 20.8| 5| <0.001
39| 7 |12|15| 9 | 19
7 8 7 | 14| 10| 59
Not useful for careers 129| 5| <0.05
18| 4 | 11| 11| 12| 45
] 29| 9 | 10| 20| 17| 17
Complicated 18.8| 5| <0.01
42| 8 | 13|16| 9 | 13

Table 8-11: A comparison between grades 8 & 9 attitles towards mathematics as a subject

In thinking about mathematics as a subject, theeecansiderable variations between the
year groups. The proportions seeing mathematiedstsact, boring, not useful for careers
and complicated grow with age while the proportisaging mathematics as not abstract,
interesting, useful for career and straight forw@dedline with age. These negative attitudes
may be attributed again to the increasing demaveldeas the student progresses through

the mathematics curriculum.

8.9 Mathematics Classes

: . A| N| D | sD
Think about yourMathematics classes

| do not understand what is taught 9| 17 25| 5

| find doing mathematics problems repetitive| 11| 20 20| 11
The explanations are not clear 12| 16[EER
I am not sure what t should be doing 12 171K
I find | make many mistakes 13| 18 8
There is too much homework 20| 16 14

Table 8-12: Attitudes towards mathematics classes

Students’ reactions in mathematics classes arerkafig neutral with very positive views
sometimes being expressed. The majority have aalgendency towards mathematics
classes, they feel their understanding depend$erdifficulty degree of any topic, the
explanations are clear and they do not make mastak@s in mathematics classes. This
tendency suggests that mathematics classes the&msahe not the main cause of

mathematics problem.
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Grade 8 Grade 9 salAa|N]| D|sp| e |df| p

6 |14|52| 24| 4

I do not understand what is taught s (191221261 5 53| 4 n.s.

| find doi themati bl titi 18/16]40 21 ] 11 4.7 | 4
ind doing mathematics problems repetitive = —=1—=e170775 . n.s.

Th lanati t cl 11)12]30) 20| 28 11.1| 4| <0.05
e explanations are not clear—-——-1>o175771g . .

I t hat should be doi 10)17] 28 23] 22 28 | 4
am not sure what should be doingr—-—1—=—+—=-1—35779 . n.s.

I find I mak istak 111734129 9 35| 4
ind | make many mistakes [ =t— o125 7 . n.s.

There is t hh kl? 14 28| 25| 17 28| 4
ere is too much homework|—o—— 1= =177 . n.s.

Table 8-13: A comparison between grades 8 & 9 attitles towards mathematics classes

Few significant differences are found between gsaeight and nine students with the

older students tending to agree with statementéipanations are not clear’.

8.10 Mathematics Tests

Think about Mathematics Tests SA| A| N | D | SD

I tend to panic with difficult problems 20| 27/ 9| 7
They involve a lot of revision the day before 18| 22| 12

I find | am short of time 17| 29| 17| 11
| often make mistakes 16| 17 34 24 10
| cannot remember how to do things 18 18 33 21 11

There is little opportunity to explain things 19| 27| 17| 10

Table 8-14: Attitudes towards mathematics examinatins

The aim of this question was to explore studenpions about their performance in
mathematics tests and examinations. The vast mapirithe students indicated that they
tend to panic if they face difficult problems, thegend a long time in revision the day
before, and they find themselves short of time rdumathematics’ examinations. This

negative tendency reflects the difficulty of matlaics examinations.

Students tend to see their problems in mathemascsiot related to their abilities in
mathematics, and this is clear from the resporséset statements ‘I often make mistakes’
and ‘I cannot remember how to do things'. Instehey think difficult problems, short

time, long curriculum and the little opportunity éxplain things during the examination

cause these problems.
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Grade 8 Grade 9 sala| N]| D] sp| ¢ |df p

31(20(33|10| 7
I tend to panic with difficult problems 31202118 7 11.0| 5| <0.05

They involve a lot of revision the day before 411191201 13] 7 19| 4 n.s.
40 |16 (24| 11| 9

| find I am short of time V| 29| 28 | 40 4 20.3| 4| <0.001
30|16 (34| 14| 6

. 13| 17| 31| 25| 13
| often make mistakes 8117136 23| & 83| 4 n.s.

| cannot remember how to do things 1611933 22| 10 10| 4 n.s.
19 17| 33| 21| 11

There is little opportunity to explain things A e 81| 4 n.s.
32|19 26|17 | 7

Table 8-15: A comparison between grades 8 & 9 attides towards mathematics examinations

Few significant differences are found between gsaglght and nine students but the older
students tend to panic more with difficult problearsl see a shortage of time during the

examinations.

A Summary:tables (8-13), (8-14), and (8-15) offer a fasam@picture about problems in
mathematics education. During mathematics clagisesnajority indicate that they tend to
understand what is taught, the explanations am@ ¢t them, they are sure about what
they should be doing, and do not make a lot ofakes. On the other hand, in mathematics
examinations, students tend to panic with diffiqartbblems, find themselves short of time,
they spend a long time in revision the day befanel there is a little opportunity to explain
things during the examination. Overloaded curriandd examinations cause mathematics
problems. It is clear that mathematics problenessaen to occur during the examinations
and not in mathematics classes and, as a consexjoktiat, students lose their confidence
and this may lead to prevent them from making tegquired effort for success in
mathematics. However, this is what the studentsayang. It might not reflect the reality.
Examinations determine students’ abilities and temdnake students conscious of what

they see as their successes and failures.

142



Chapter 8

8.11 Reasons for Studying Mathematics

Here are some reasons why students should study Me&matics at school
Place these reasons in order, showing which is tiheost important for you

A. ltis useful in daily life

It is important for some other subjects

It is a useful way to make sense of the world
There are many jobs for mathematicians

It teaches me to think logically

It is important for many courses at univergy
Mathematics can help solve world problems

o <o~ B

Immnowoo

It is very satisfying

Table 8-16: Students’ views about why they shouldwy mathematics

The top three choices are A, C and G. It is noy ¢asee how mathematics, as taught in
school, is useful in daily life or helps them tokaaense of the world. Do students need to
prove theories or solve equations in daily life@ded, these responses are surprising. On

the other hand, it is easy to see that mathematiogportant in other subjects.

8.12 Most Helpful Ways in Studying Mathematics

Here are some things, which can help me in my mattatics studies
Tick the threewhich are most helpful for you

64% | Practicing many mathematics exercises and probis until | get them right.
8% Reading my textbook carefully.

32% | Working with my friends until | understand the ideas.

21% | Seeking help from my parents.

18% | Try to see things as pictures or diagrams.

64% | Following the methods taught by my teacher cafelly.

31% | Making sure | understand what | am doing.

60% | Trying to find a method which always gives theight answer.

Table 8-17: Some ways help students in learning nmtamatics

Students were asked to choose three methods tkat tthnk are most helpful in
mathematics studiesPracticing many mathematics exercises and problentis | get
them right and'following the methods taught by my teacher cargfullere chosen as the
most helpful ways for success in mathematics. 688&&e the last method which'itsying

to find a method which always gives the right anmswas the third most helpful way. It is
interesting to note that all three are aspectshefviery nature of mathematics: success
comes when routine procedures can be identifiedcanded out with reliability. In the
eyes of the students, understanding is seen as tesshmportant, with about half the

rating of the first three. However, this is not tearprising in Kuwait where, like many
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other countries, the rewards in mathematics conoen fthe correct completion of

procedures in order to get ‘right’ answers.

8.13 Sex-Related Differences in Attitudes towards Mathemtics

This section discusses comparisons between bog'gjigls attitudes toward mathematics.
In order to test the significance of the comparssahe chi-square test was applied as a

contingency test.

Tick the box which best represents your opinions  Boy Girl c2 | df p

L. .| 18| 27| 40 5 11
| usually understand mathematics idea easily 102 4 <0.05
13| 24 | 51 7 6

i ) 15 8| 26| 18 | 33
| do not enjoy mathematics lessons 110 4 <0.05

21| 14| 25| 17 23

| think every one should learn mathematics at| 29 9| 16| 13| 34
secondary school 12 | 14| 17| 25| 33

23| 23| 25| 11| 18

| think | am good in mathematics 2.3 4 n.s.
23| 26| 22| 14| 14

You have to born with the right kind of brain, to | 14 | 13| 25| 15| 34
be good in mathematic/, 13 | 10| 17| 27| 33

281 4 <0.001

11.8| 4 <0.05

To be good in mathematics, you have to spend 37 | 22 | 20| 10| 12

. L 2.7 4 n.s.
more time studying it | 35 | 24| 23| 10

. o . 51 | 21| 16 3
| think mathematics is useful subject 152 4 <0.01

35| 24| 23 7| 11

I find my mathematics knowledge useful in daily] 44 | 25| 19| 4| 8

. 337 4| <0.001
life | 23| 22| 29| 14| 11

Table 8-18: A comparison between boy’s & girl’s aftudes towards mathematics in general

It can be seen from the table above that more thaysgirls stated that

They understand mathematics ideas easily,

They enjoy mathematics lessons,

Think everyone should learn mathematics at secgnsizrool,
Think mathematics is useful subject

Find their mathematics knowledge useful in dafk. li

Overall, the boys are more positive. This couldectfa genuine more positive attitude or it
might simply be a function of the greater confiderf boys at this age in the Kuwaiti

culture, with the girls being more hesitant andures
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What are your opinions?  Boy Girl c? df p
I am confident in 32| 20| 14| 13| 5 | 16| |am not confident in 103 s s
mathematics classes 26 14 211 13| 10| 17 mathematics classes : o
Mathematics is too 20 7 | 18| 17| 17| 21| Mathematics is too easy for 45 5 s
abstract for me 18 7 14 14| 19| 28| me.
| am gettingworseat | 13| 5 | 11| 18 | 18 | 37 | | am getting better at 15 5 ns
mathematics 15 5 13| 18| 16| 34 mathematics

i 33| 19| 17| 15 6 10
I fe”e' I'am coping | feel I am not coping well 6.1 5 n.s.
we 33| 16| 15| 12| 11| 14
Mathematics classe: 24| 5 12 | 19| 13 | 27 | Mathematics classes an
are boring interesting 7.1 5 n.s.

33| 5| 13| 18, 9 | 22

Table 8-19: A comparison between boy’s & girl's békfs about their abilities in learning mathematics

The table above shows that there are no signifidédférences in the perceptions of the

boys and girls.
Think about Mathematics as a subject: Boy Girl c2 | df p
20 5 20| 18| 12 | 26
Abstract Not abstract 9.3 5 n.s.

18| 11| 13| 19| 13 26

-, 29| 9 | 15| 19| 10| 18
Difficult Easy 101 5 n.s

32| 10| 17 19 14 8
i 17 6 8 11 | 13 | 46 .
Unrelated to life Related to life 18.3 5 <0.01
20 5 23| 13 | 29
. 25 4 12| 21| 12 | 27 .
Boring Interesting 8.8 5 n.s.
34 8 11 | 17 9 21
14 1 10 | 13 9 53
Not useful for careers Useful for careers 7.2 5 n.s.
12 5 8 12 | 13 51
33 7 12| 20| 12 | 16 i
Complicated Straight forward 4.5 5 n.s.
38 9 11| 15| 13 | 13

Table 8-20: A comparison between boy’s & girl’s aftudes towards mathematics as a subject.

The table above shows more girls are seeing matienas unrelated to life.
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Think about yourMathematics classes Boy Girl ¢2 | df p

) 8| 17 | 46| 23 6
| do not understand what is taught 4.3 4 n.s.
6 17| 48 | 27 4

) . . » 13| 20| 38| 16| 13
| find doing mathematics problems repetitive 4.0 4 n.s.
10| 20| 37| 23| 11

) 17 | 14| 28| 18 | 23
The explanations are not clear 7.4 4 n.s.
9 17| 30, 21 23

) 17 | 13| 28| 24| 20
| am not sure what | should be doing 152 4 <0.01
8| 21 32 18| 21
) . 17| 18| 30| 24| 11
| find | make many mistakes 123 4 n.s.
9 18| 38 28 6
12| 24| 22| 17

2
There is too much homework 11.8 4 <0.05
17| 18 26| 29 11

Table 8-21: A comparison between boy’s & girl’s aftudes towards mathematics classes

The above table illustrates more boys than gidsest that they are not sure what should
doing and that there is too much homework. It is olovious why they should say the
former but the latter probably reflects the lowevdls of diligence of boys compared to

girls.

Think about Mathematics Tests Boy Girl c2 | df p
32| 20| 31 8
42 | 21| 23 10

. - 40 | 24| 21 9
They involve a lot of revision the day before

40 | 12| 23 | 15

. . 27| 18| 29 17| 10
| find I am short of time 1.7 4 n.s.

23| 17| 30| 18| 12

. 18| 14| 36| 20| 11
| often make mistakes 6.9 4 n.s.
13| 19 32| 27 9

) 20 17| 34| 20| 11
| cannot remember how to do things 23| 4 n.s.
16 | 19| 32 23| 11

- . . . 28| 19| 27 17 9
There is little opportunity to explain things 05| 4 n.s.
26 | 19| 28| 18 | 10

| tend to panic with difficult problems 9.7 | 4 <0.05

9
5
7

153| 4 <0.01
9

Table 8-22: A comparison between boy’s & girl’s aftudes towards mathematics examinations

More girls tend to panic with difficult problems e boys are more concerned about

revision. Boys tend to be confident, and girls téméeel worried.
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A Summary Overall, there is considerable polarisation oéws with some students
holding very positive views while other hold verggative views. The most important

findings from the data can be summarised as follows

Students’ believe that mathematics is a usefuleswbn daily life, useful for their
careers; and it is useful for other subjects.

Students see mathematics as abstract, difficultcantplicatedt but the abstraction
itself is not the source of the difficulty.

In spite of students’ beliefs about the importan€enathematics and the potential
enjoyment that students can experience from itethe a growth of dislike for
mathematics among students with age (from gradeg8aide 9).

The mathematics teacher plays a very importantindigarning mathematics and in
forming students’ attitudes towards learning mathgcs.

Boys' attitudes towards mathematics are more peditian girls' attitudes, and this
might be attributable to the masculine and femimagures that boys tend to be

confident, and girls tend to feel worried.

The next section considers how their attitudesteeta their performance in mathematics

examinations.
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8.14 Mathematics Performance and Attitudes towards Mathenatics

Table 8-23 presents the correlations (using Ketsddhu-b) between mathematics
performance and attitudes towards mathematics mergé In this question, responses
ranged fronmstrongly agredo strongly disagreeA negative correlation coefficient appears
sometimes because the question is in negative f@bwiously, there are high correlations
between mathematics performance and three questiadsrstanding mathematics ideas

easily', 'l do not enjoy mathematics lessons' htfdnk | am good in mathematics'.

Correlation between attitudes towards mathematia$ a Correlation Coefficient

performance in mathematics
Grade (8) | Grade (9)

p <0.05 p <0.01 p < 0.001 N=(233) N=(239)

| usually understand mathematics idea easily 0.24 0.36
| do not enjoy mathematics lessons -0.22 -0.19
I think every one should learn mathematics at secatary school 0.09 0.20
I think | am good in mathematics 0.31 0.40
You have to born with the right kind of brain, to be good in mathematic -0.06 -0.04
To be good in mathematics, you have to spend morene studying it -0.09 -0.04
I think mathematics is useful subject 0.20 0.14
| find my mathematics knowledge useful in daily lie 0.10 0.11

Table 8-23: Correlations between mathematics perfonance and attitudes towards mathematics

It can be seen from the table above that studeintsaltained high marks in mathematics
tend to feel that

They understand mathematics ideas easily
They are enjoying mathematics lessons
Their mathematics abilities are good.

They believe mathematics is a useful subject

They find their mathematics knowledge useful ifydee.

This tendency is higher for grade nine than graglete
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The correlations between students’' performance athematics and their beliefs about
their abilities in mathematics classes are predanteable 8-24.

Correlation between attitudes towards Correlation Coefficient
mathematics and performance in
mathematics

Grade (8) Grade (9)
P<0.05 [p<0.01 p <0.001

N=(233) N=(239)

I am confident in mathematics classes 0.22 0.29
Mathematics is too abstract for me -0.12 -0.27

| am getting worse at mathematics -0.20 -0.33

| feel I am coping well 0.30 0.38

Mathematics classes are boring -0.18 -0.28

Table 8-24: Correlations between mathematics perfonance & beliefs about abilities in mathematics

The above table shows students who achieved higksnramathematics tend to feel

Confident in mathematics classes.
Mathematics is somewhat abstract.

They are getting better at mathematics.
They are coping well

Mathematics classes are interesting for them.

Here also, these patterns are higher in gradetharegrade eight.
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The correlations between students' opinions abaathematics as a subject and their
performance in it can be seen in table 8-25. Stisterews about mathematics as a subject
are correlated significantly with their attainmémit. Students who have gained low marks
in mathematics are seeing mathematics as absttdfitult, boring and complicated
subject, although they believe mathematics is &uusabject for daily life and for careers.

The tendency is again stronger for grade nine.

Correlation between attitudes towards Correlation Coefficient

mathematics and performance in
mathematics

p<0.05 [ p<0.01 p <0.001

Grade (8) Grade (9)
N=(233) N=(239)

Abstract -0.17 -0.24

Difficult -0.21 -0.31

Unrelated to life -0.05 -0.11
Boring -0.19 -0.29

Not useful for careers -0.09 .0.13
Complicated -0.13 -0.27

Table 8-25: Correlations between attitudes about ntaematics as a subject & performance

Students’ attitudes towards mathematics classe®xantiinations are correlated with their
performance in table 8-26 and table 8-27. In thgsestions, five (always, often,
sometimes, rarely, never) responses were invited, @ negative correlation appears

because all the questions are in the negative form.

Correlation between attitudes towards Correlation Coefficient

mathematics and performance in
mathematics

p<0.05 [ p<0.01 p <0.001

Grade (8) Grade (9)
N=(233) N=(239)

| do not understand what is taught -0.18 -0.22

| find doing mathematics problems repetitive -0.13 -0.07
The explanations are not clear -0.26 -0.25

I am not sure what t should be doing -0.20 -0.33

I find | make many mistakes -0.30 -0.32

There is too much homework -0.32 -0.21

Table 8-26: Correlations between attitudes towardsnathematics classes & performance
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Low performance students tend to feel

They do not understand what is taught

They find doing mathematics problems repetitive.
The explanations are not clear for them

They are not sure what should be doing

They are making many mistakes.

Correlation between attitudes towards Correlation Coefficient

mathematics and performance in
mathematics

p<0.05 [ p<0.01 p <0.001

Grade (8) Grade (9)
N=(233) N=(239)

| tend to panic with difficult problems -0.19 -0.16
They involve a lot of revision the day before -0.21 -0.26
| find | am short of time .0.16 L0117

| often make mistakes -0.28 .0.32

I cannot remember how to do things -0.25 -0.30

There is little opportunity to explain things .0.14 -0.11

Table 8-27: Correlations between attitudes towardsnathematics examinations & performance

Students with low performances in mathematics tend

Panic with difficult problems

Spend long time in revision the day before the test
Find themselves short of time

They often make mistakes

They cannot remember how to do things.

A summary looking at the questions responses at:

The question relating to performance correlate tpedy with the students
performance (‘I think I am good at mathematics’ retate with student
performance in mathematics= 0.35, p < 0.001, ‘I feel | am coping well’ cora&
with student performance in mathematics, 0.34, p < 0.001). These data support

the validity of the survey.

The tendency in grade 9 is higher than grade 8
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Students’ confidence in mathematics is highly datesl with students’
performance in mathematics. Students who statetlileat are confident are those
who perform better in mathematics classes and thobe state they are
unconfident are those who do not achieve in mathiemaaThus, in this case loss of
confidence may lead the students to failure andriiin mathematics classes or
examinations may lead the students to lose theifidence further. This is a

vicious cycle.

The students who responded positively to the questabout whether they like
mathematics, whether they enjoy mathematics lessehether they are coping
well and whether they believe they are good at eradtics performed better at
mathematics. There is the question of what caudest:wdo the poor attitudes
generate poor maths performance or, as is mordy,likee poor performance

generates poor attitudes. Each ‘feeds off’ themwth

This chapter has looked at attitude patterns ticel to mathematics for two age groups
showing a slight deterioration with age. There taw differences in attitudes that are
gender related. The relationship of attitudes tdopmance is also to be considered and

this has identified some areas of concern. The sextion considers cognitive factors.
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8.15 Working Memory and Attitudes towards Mathematics

Working memory capacity is known to be a contrgjifactor in understanding (Johnstone,
1997). If understanding leads to positive attitydlesn it is possible that working memory
capacity determines attitudes relating to mathasalihis was explored and this section

discusses the outcomes.

The correlation between working memory space atitldes towards mathematics is
shown in the following table. There are very lowt lsignificant correlations with the

understanding of mathematics; the compulsion ofnieg mathematics in secondary
school; and the usefulness of mathematics (but pniyrade 9 although the patterns of

correlations are similar in grade 8).

Correlation between attitudes towards mathematios a Correlation

working memory capacity space Coeficient
Grade 8 Grade 9

p < 0.05 p <0.01 p < 0.001 (N=233) | (N=239)
| usually understand mathematics ideas easily’ 0.03 0.19
| do not enjoy mathematics lessons -0.09 -0.07
| think every one should learn mathematics at secalary school 0.10 0.12
| think | am good in mathematics 0.01 0.12
You have to born with the right kind of brain, to be good in mathematic 0.09 0.02
To be good in mathematics, you have to spend matiene studying it 0.10 0.02
| think mathematics is useful subject 0.03 0.11
| find my mathematics knowledge useful in daily lig 0.02 0.08

Table 8-28: Correlations between working memory & #itudes towards mathematics

Grade 9 students with high working memory capaeityl slightly to:

Understand mathematics ideas easily;
Think they are good in mathematics;
Think that every one should study mathematicsdors#ary school; and

Think mathematics is useful subject.

In essence, higher working memory capacity offeradvantage in achieving success in

mathematics and success is related to positiviei@eis.

The correlations between students’ beliefs abaeit #bilities in mathematics classes and

their working memory capacity are presented intttide 8-29. The same pattern of low
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but significant correlations is apparent for grélevith grade 8 showing a similar, if
insignificant, pattern. Students with high workingemory tend to feel confident and
coping well in mathematics classes; where studeitkslow working memory tend to feel
that mathematics is too abstract for them; gettuogse in mathematics classes and they

weary from mathematics classes. The higher workiegnory is a small advantage.

Correlation between attitudes towards CCOfffef!a_tiOT
mathematics and working memory capacity — —°° "
Space Grade 8 | Grade 9
p<005 [p<001 | p<0.001 (N=233) | (N=239)
| am confident in mathematics classes 0.01 0.14
Mathematics is too abstract for me -0.05 -0.09
| am getting worse at mathematics -0.07 -0.11
| feel | am coping well 0.07 0.11
Mathematics classes are boring -0.01 -0.18

Table 8-29: Correlations between beliefs about aliiies in mathematics classes & working memory

The correlation between students’ beliefs aboutemattics as a subject and their working
memory capacities are shown in the following taltleean be seen from table 8-30 that
low working memory grade 9 students to a slighteektbelieve that mathematics is
abstract, difficult, unrelated to life, boring, nageful to careers and complicated compared
to high working memory students. This tendencyighiér in grade 9 because of the higher

demand of the course at this level.

Correlation between attitudes towards CCOffz'_a_tioq
mathematics and working memory capacity  ~2°" <"
space Grade 8 | Grade 9
p<005 [P<001 | p<0.001 | (N=233) | (N=239)
Abstract -0.09 -0.15
Difficult | 0.03 -0.16
Unrelated to life -0.04 -0.05
Boring -0.01 -0.15
Not useful for careers -0.02 -0.06
Complicated 0.01 -0.17

Table 8-30: Correlations between beliefs about matmatics as a subject & working memory

Students’ attitudes towards mathematics classesttaid working memory capacity are
correlated in the table 8-31. Low working memorpdg 9 students to a slight extent
believe they do not understand what is taught itheraatics classes; the explanations are

not clear, make many mistakes and there is too nmochework. It is likely that these
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negatives tendencies are being influenced in parthk limiting capacity of working

memory which makes understanding difficult.

Correlation between attitudes towards Cco”ff'_a?ioq
mathematics and working memory capacity oeTcen
space Grade 8 Grade 9
p<0.05 [pP<001 | p<0.001 (N=233) | (N=239)
| do not understand what is taught -0.08 -0.12
| find doing mathematics problems repetitive 0.04 m7
The explanations are not clear 0.01 -0.15
I am not sure what t should be doing 0.02 -0.10
| find I make many mistakes -0.09 -0.13
There is too much homework 0.03 -0.16

Table 8-31: Correlations between attitudes towardsnathematics classes & working memory

The relationships between students’ working menoapacities and their attitudes toward
mathematics examinations are illustrated in tab&28Low working memory students

tend slightly to feel they are short of time durthg mathematics examinations; they make
many mistakes and cannot remember how to do thiftgs.same pattern for grades 8 and

9 can be seen.

Correlation between attitudes towardsCorrelation Coefficient
mathematics and working memory

capacity space Grade8 | Grade 9
p<005 [p<001 | p<0.001 (N=233) | (N=239)
I tend to panic with difficult problems 0.01 -0.10
They involve a lot of revision the day before -0.03 -0.10
I find I am short of time -0.12 -0.17
| often make mistakes -0.04 -0.22
| cannot remember how to do things -0.06 -0.15
There is little opportunity to explain things 0.03 -0.05

Table 8-32: Correlations between working memory & #itudes toward mathematics examinations

A Summary It might be expected that working memory capaewould have weak

correlations with various attitudes relating to tearning of mathematics. This has been
shown to be the case for grade 9 although the g8adata are very similar but not as
marked. Although significant, the correlations tendt to be strong. This could be
explained because the effect is second order. \Wgrknemory capacity influences
understanding in conceptual areas. Understanditigeisiatural process of learning which
brings innate satisfaction. Where understandinglifscult, then attitudes will be less
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positive. However, the difference between gradesd 9 is interesting. Is it possible that
grade 10 will show even further deterioration? tHs then the basis for the observed
steady fall in positive attitudes relating to maiiagics with age with significant samples of
school students as they progress? Is working mgoapacity, indirectly at least, a major
factor in the generation of so many who do not tikethematics (indeed often strongly do
not like it)?

It has been observed that there is a stronger igatimn of view about most aspects of
mathematics when compared to other subject aréasthie sciences and languages
(Alhmali, 2007). In mathematics tests and examamatj answers tend to be ‘right' or

‘wrong’ in very clear cut terms. Therefore, failueunderstand is very obvious. There is a
weakness in this argument in that it assumes #isé and examinations in mathematics do
in fact test understanding. They may simply beirigsthe correct use of memorised

procedures. However, this carries with it negapeeceptions for it does appear that the

natural (and satisfying) way to learn is to gaidenstanding.
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8.16 Field Dependency and Attitudes towards Mathematics

The correlations between the extent of field depengl and their attitudes towards
mathematics are discussed in this section. Figietaidency can be seen as one way to use
limited working memory space more efficiently (Jstune, 1997). It has also been shown
repeatedly that being field independent is a caraiole advantage in most learning. It

never appears to be a disadvantage (Danili & R€A6).

The extent of field dependency does correlate Bogmitly with their understanding

mathematics ideas; their enjoyment in mathema#ssadns; the compulsion of learning
mathematics in secondary school; the time thapénd in learning mathematics; and the
usefulness of mathematics. The same pattern seabnmerking memory capacity shows

again here: grades 8 and 9 are similar but theegdaeffect is more marked.

Correlation
Correlation between attitudes towards mathematius a Coefficient
field dependency Gl\:fggf ?\Egggg
p<005 [p<001 [p<0.001 (N=233) || (N=239)
I usually understand mathematics idea easily 0.05 0.23
| do not enjoy mathematics lessons -0.10 -0.14
| think every one should learn mathematics at secwlary school 0.05 0.11
I think | am good in mathematics 0.08 0.32
You have to born with the right kind of brain, to be good in mathematic -0.04 -0.04
To be good in mathematics, you have to spend morene studying it 0.11 0.09
| think mathematics is useful subject 0.03 0.11
| find my mathematics knowledge useful in daily lie 0.02 0.07

Table 8-33: Correlations between field dependency &ttitudes towards mathematics

Field independent students tend to:

Understand mathematics idea easily;

Enjoy mathematics lessons;

Think every one should learn mathematics in seagrsizhool;

Think they are good in mathematics;

Think spending more time in studying mathematigssite improve their ability;

Think mathematics is useful subject.
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The effects are more marked when considering tadfrperceptions in relation learning in
mathematics (table 8-34). Those who are field ied€eent tend to be confident, coping

well and getting better with those who are fielgpeledent tending to see mathematics as
abstract and boring.

Correlation

Correlation between attitudes towards Coefficient

mathematics and field dependency [ c.des | Grade 9

p <0.05 p<0.01 p <0.001 (N=239) | (N=239)
I am confident in mathematics classes 0.11 0.26
Mathematics is too abstract for me -0.12 -0.27
| am getting worse at mathematics -0.02 -0.20
| feel I am coping well 0.14 0.24
Mathematics classes are boring -0.05 -0.22

Table 8-34: Correlations between field dependency &eliefs about mathematics ability

Their views of mathematics also show significantrelations (table 8-35) although lower.
Field dependent students tend to see mathematiabstisact; difficult; unrelated to life;
boring; not useful to careers; and a complicatelojest. Perhaps, those who are field

dependent do not cope as well and this generatasga of negative perceptions.

Correlation
Coefficient

Grade 8 Grade 9
(N=239) (N=239)

Correlation between attitudes towards
mathematics field dependency
p <0.05 p<0.01 p <0.001

Abstract -0.06 -0.20

Difficult -0.09 -0.29

Unrelated to life -0.03 -0.11
Boring -0.05 -0.21

Not useful for careers -0.01 -0.07
Complicated -0.12 -0.24

Table 8-35: Correlations between field dependency attitudes towards mathematics as a subject
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The correlations between field dependency and #igiudes towards mathematics classes
and examinations are shown in tables 8-36 and &8I&.

Correlation between attitudes towards Ccorrzl_a_tior:
mathematics and field dependency oemcien

p < 0.05 p<0.01 p<0.001 Grades Grade 9
(N=239) (N=239)

| do not understand what is taught -0.09 -0.23

| find doing mathematics problems repetitive -0.08 -0.04
The explanations are not clear -0.16 -0.21

| am not sure what t should be doing -0.13 -0.25

| find | make many mistakes -0.16 -0.23

There is too much homework -0.04 -0.12

Table 8-36: Correlations between field dependency attitudes towards mathematics classes

Correlation between attitudes towards Ccorrzl_a_tior:
mathematics and field dependency oeflicien
1 Grade 8 Grade 8

| tend to panic with difficult problems -0.10 -0.11
They involve a lot of revision the day before -0.19 -0.18
I find I am short of time -0.002 -0.11

| often make mistakes -0.19 -0.24

| cannot remember how to do things -0.16 -0.22

There is little opportunity to explain things -0.13 -0.13

Table 8-37: Correlations between field dependency &ttitudes towards mathematics examinations

Field dependent students feel

They do not understand what is taught;

The explanations not clear for them;

They are not sure about what they should do;

They do make many mistakes in mathematics classesxaminations;
They tend to panic if they face a difficult problenthe examinations;
They are involved in a lot of revision on the daydoe the test; and

There is little opportunity to explain things dugithe exam time.

These negative tendencies are higher in gradetimamegrade eight.
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A Summary Looking at the patterns of correlations obtaibgdelating the extent of field
dependency to the responses to the attitude suitveng is a very similar pattern to those
obtained when considering working memory capadityther words, while grade 9 shows
the patterns more strongly, the two year groupssarglar, and, in general, being field

independent is related to holding more positivisLates.

It is possible that those who are field independent able to use their limited working
memory capacity more efficiently and this meang thay are more successful in term of
understanding. Such understanding generates grea&zall satisfaction and sense of

achievement.

Looking at the two effects together, working memampacity and extent of field
dependency are clearly powerful correlates of ssscead they also correlate, although less
powerfully, with attitudes relating to mathematitiscould be argued that those students
who are better in mathematics are those who haesetladvantages: not all are equal.
However, working memory capacity is geneticallyefix while ways to develop field
independency are not known. Does that mean thattiteent who happens to have a lower
working memory and is field dependent is, therefovmable to make much of
mathematics? Is it legitimate to teach a subjecereha sizeable proportion of the

population are so disadvantaged?

There is another way to look at the problem. Cant¢laching and learning of mathematics
be re-thought so that those with these disadvastage less hindered? This means two
things: the actual teaching presentation is regmesi to lower working memory demand.
This would make mathematics more accessible toetlwalso happen to have a lower
working memory and who are field dependent. Theeoimportant aspect is that the
assessment of mathematics must not disadvantage twbo happen to have a lower
working memory and are field dependent. The waystjoles are designed will be explored

in the next chapter.
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Cognitive Factors and Mathematics Achievement

Phase Two

9.1 Introduction

In the first phase, it was shown that both workingmory capacity and extent of field
dependency were related to performance in mathesnatnd, to a smaller extent, to
attitudes related to mathematics. It was argued, thamathematics was taught and
assessed in such a way that these two factors westeced in importance, then
performance would rise and attitudes might be npargtive. The area of testing is now
explored and related to performance, attitudestlaadwvo cognitive factors.

In this experiment four instruments were used tbecbdata. These instruments were
administrated in Kuwait from October to Decembed@&0the end of the first term. These

instruments are:

Two versions of mathematics tests were applieddoh grade.

Digits backwards test was again used to measur&inmgrmrmemory space for every
student of the sample.

Group embedded figures test was again applied @ssdly the subjects by their
field-dependency abilities.

The fourth instrument measured students' attittdesards mathematics and this

will be discussed in the following chapter.

( Cagnitive Factors )

Forking Memory Fiold Depondency
Capacity
|
DN Bachward
Test (DET)

(Markerrmﬁcs Ackievement)
i

Tests Used by Mathematics
the Schools Tasts

Figure 9-1: Second phase procedures
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9.2 Students' Sample Characteristics

Three junior secondary schools in the state of Kuweere involved in the second
experiment of the research, two schools for giolse for boys. The sample contains
roughly equal populations of grade eight and nse (table 9-1). Access to boys’ schools

is difficult for a female researcher, giving a genambalance.

GRADE 8 GRADE 9
GROUP (14YEARS) (15YEARS) e
Boys 146 143 289
Girls 269 316 585
TOTAL 415 459 874

Table 9-1: Sample characteristics (second phase)

Gender

[l Boys
[ Gins

Figure 9-2: Sample characteristics (second phase)

9.3 Attainment in Mathematics

Students’ achievements in mathematics were gaireed fwo sources. Scores from three
standard school tests during the first term of abademic year 2006/2007, with a total
time of three hours, were combined. The mean padoce in mathematics was 67%. In
order to explore any relationships between theitheraatics performance and their
working memory capacity and extent of field depemye Pearson correlation was

employed

The second way involved using tests designed byré#searcher. Four versions of
mathematics tests were constructed, two testsdoh grade, based on the curricula in

Kuwait. The tests were constructed in the followiveay:
16%
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(&) Questions were carefully designed with diffénearking memory demands.
This is discussed further later.

(b) For each grade, some questions were commootinversions.

(c) For each grade, some questions were presengedymbolic form while the
equivalent question in the other paper was predenta more visual form.

(d) For each grade, some questions were presest@ostract tasks while the
equivalent question in the other paper was predenta more applied form.

(e) For each grade, there was a mixture of questddifferent working memory

demand; symbolic and visual questions; abstraciname applied questions.

The aim was to make the two versions of the tase&eh grade of approximately the same
standard. The grade eight tests consisted of twghestions and the grade nine tests
consisted of nine questions. The questions usethathematics tests were based on
questions typically used in Kuwait and questionsegated for the use of this research (the

full lay out as it was given to the students issereged in Appendix (C)).

The aims of applying these tests are to considerr¢hationship between mathematics
topics and the students’ working memory space hait tield dependency; and to look at
the best way to present the question in order tp Kiee learners to reach higher
achievement in mathematics examinations. Is theaVigresentation the most appropriate
manner or the symbolic? Or, do the applied or abstjuestions assist students to achieve

better? The instructions given to the students were

Read the question carefully.
If you are stuck, carry on with the next question.

You have 45 minutes for the whole test.

The tests were corrected (See figure 9-3) anditha@rmacorrecting the tests was to explore
the procedures that the students applied to shew timderstanding of the topic and not

just the final answer.
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Version 1

Version 2

Calculate the area of the football patch

-
e
(
-
°

atS

If the length of rectangle area is (a+5) cm, andst
height is 2a calculate the area of this rectangle

Rectangle area = Length X Width (1/2)

Rectangle area = Length X Width (1/2)

= (a+5) (2a) (1/2) = (a+b) (2a) (1/2)
=2+ 10a =2+ 10a
2712) (1/2) 2712) (12

Total : 2 Total : 2

Figure 9-3: Example of correction process of the sts

The top score was 21 for both tests. For the wtedes and the correction processes and
marks distribution, see Appendix (C). The sampteas tompleted the various versions of

the tests are shown in table 9-2, with a few sttgleat included due to absence on the day

of the test.
Test Version | Frequency Percen| Total
Grade 8 (1) 223 56% 396
Grade 8 (2) 173 44%
Grade 9 (1) 249 56% 433
Grade 9 (2) 193 44%

Table 9-2: The number of grade 8 & 9 students whauffilled Mathematics tests

The following histograms show the distribution bétmarks of grade eight and grade nine

mathematics tests.

Frequency

UOISIaA 1S81

10
Test Mark

Figure 9-4: Histogram of Grade eight tests
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Figure 9-5: Histogram of Grade nine tests
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All the distributions of marks show approximatelgrmality and the use of Pearson

correlation and the t-test is appropriate. Theofwihg table shows the descriptive statistics

and the t-test results comparing the two versiohshe mathematics tests. The two

versions of grade eight tests are similar and thegeno significant differences between the

two versions. Grade nine tests slightly differeoini each other as it is shown from the t-

test. Overall, the aim of making the two test afikr standard has been achieved.

Mathematics test| Mean| Std Deviation| t-test p
Grade 8 (1) 9.65 4.75
0.79 n.s.
Grade 8 (2) 9.29 4.37
Grade 9 (1) 9.46 4.74
2.43 | p<0.05
Grade 9 (2) 10.61 4.78

Table 9-3: Descriptive statistics of mathematics sts

16€
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9.4 The Classification of X-space

The digit backwards test (DBT) was used to measuweking memory space and the

distribution of the results is shown in figure 9-6.

Mean =5.1!
Std. Dev. =1.19

N =837

P
8]
c
(5]
>
o
]
=

L

2 4 6 8
Working Memory Space

Figure 9-6: The distribution of the students Score@ Digits Backwards Test (DBT)

Descriptive statistics demonstrates that the méameoscores is 5.2. For a sample aged 14
and 15, the mean working memory would be expectedd between 6.0 and 6.5.
However, the digit span backwards test gives altregproximately one less (as one
working memory chunk is used for the process oérssl. The mean obtained is roughly
what would be expected. However, it has to be netedl the data from the digit span
backwards test is not used here in any absolutesdime important thing for correlation is

the order.

The sample can be divided into three groups inrot@élustrate the correlation (Danili,
2001). The sample of 837 students was categongedroups namelyow, intermediate
and high working memory spaamapacity. Students who succeeded to record 4veerfe
digits were classified dew working memory spac&tudents who able to recall 5 digits
(shown as X = 5) were classified iasermediate working memory spaaerd the rest who
memorize 6 or more overturned numbers, were clads#shigh working memory space

(shown as X = 6). Table 9-4 shows the number afesits in each category.
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GROUP NUMBERS OF
(X-SPACE) STUDENTS PERCENT
X=4 212 25%
X=5 343 41%
X=6 282 33%
TOTAL 837 100%

Table 9-4: The classification of the student into awrking memory space capacity groups

Students' working memory capacity (X-space) clasgibn according to their grades is

illustrated in the following bar chart.

4 5 6
Working Memory Capacity (X-space)

Figure 9-7: Students' working memory capacity (X-spce) classification according to their grades

63% of grade eighth (age 14) students, their workiremory capacity (X-space) ranges
from 5 and less, whereas 80% of grade ninth (age¢hBtr working memory capacity (X-
space) ranges from 5 and above. This supports dtie that working memory space
depends on the age of the individual, and as Mi{E956) showed, after memory
experiments, the average capacity for an adulb@fiseven plus or minus tw@ £ 2)
separate chunks, growing by about 1 unit for eteryyears of age up to age 16. The table
below shows the classification of the whole sanimtie X-space according tiheir classes.

Group NUMBER OF STUDENTS
GRADE 8 GRADE 9
X=4 121 30% 91 21%
X=5 140 35% 203 47%
X=6 140 35% 142 33%
TOTAL 401 100% 436 100%

Table 9-5:; Students' working memory capacity clasfication according to their grades

16€
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9.5 Classification of Tests’ Questions According to the Z-Demand

The questions were classified by means of theie@ahd. Johnstone & Wham (1982)
defined the demand (Z) of a question #&ee“maximum number of thought steps required
by the least able pupil to reach the solutiodohnstone and El-Banna (1986) found a
sudden collapse occurred in chemistry tests wherdémand of the questions exceeded
the students’ working memory space capacity (X-epda this case, the working memory
had reached what Johnstone & Wham (1982) descabed $tate of unstable overload
Another study in mathematics showed a collapsetudesits’ performance in solving
algebra problem when the questions demand morecitaghat the working memory
capacity of the student (Christou, 2001).

In order to put the problem into a scale of diffigtaccording to their Z-demand in this
way, the opinion of three ‘experts’ in this fieldag asked. Every expert classified the
questions in Z-demand categories separately and they sat together to look for
agreement and to discuss the disagreement to lggviest its final form. A lot of different
mental actions are taking place in representing hemastical problems, like text
comprehension translation from real language tchemastics notation, use of symbols,
problem schemata, complexity of geometrical shames more many. Every student is
more likely to have his/her own way to solve thesfion. Thus, it is not easy to determine
the necessary thought steps which lead to the ctoamswer. Nonetheless, reasonable
agreement was obtained.

Demand level is not the same as question difficuttis possible to create very difficult
guestions where the demand is very low (Reid, 208&)ording to Z-demand, the gradual
difficulty was developed by the following ways:

More information was given: the task to be produaed more complex;

Different calculation had to be used (accordingrésearch and experience, some
calculations are more complex in terms of thougéps to understand and to use
than others: for example multiplication is morefidiilt than addition and division
than subtraction; also students find fractions veifficult to manipulate etc.);
Geometrical shapes often come with a lot of infdroma the task to be produced
was more complex.

An applied task may generate more complexity thanakbstract task, simply

because there is more information to consider.
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The questions were classified in five Z-demandgmies. The Z-demand occurred in the
amount and the type of information that was givenhe students and the whole mental
procedures that are needed for solving the taskrefdre, the Z-demand of the task is
indicating the ‘maximum of thought steps’ to solie task. The following question from

grade eight tests was defined as a 4-demand task.

Question 10

Your bank account holds 20 KD. You enter your cresdand debits with + and - signs,
respectively. What do you own after writing dowretlentries +2.7 KD, -7.3 KD, -
KD, + 1.3 KD?

Thought steps
(1) + credit and

(2) - debits
(3) 20+2.7+1.3
(4) 24-73-7

An example of question from grade nine test widenand is the following:

Question 9

Ali needs to replace fencing in his garden. He ha&en measurements (shown) but has forgott¢ n
to measure the part of the fence mark x meters. Gaden centre has only 28 metres of fencir J
stock. Is this enough to completely replace thestixig fence?

Thought steps

(1) Two triangles in the same diagram is a
sign of similarity

2)........ fence
@) 15_x It is possible the
17 7 stages 3 &4 involve
. more than 1 step
4) x= 15" 7
17

(5) 15m part of the 17m, so it will not take
when account the fence long

(6) Count the fence long and compare it to the
28 m available.

17C
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Tables 9-6 and 9-7 show the performance of theeg8adiest 1 and 2 respectively. For each
demand level (Z-demand) the performance is showtaking all the questions at that Z-
demand and showing the numbers who solve the guestbrrectly as a ratio of the whole

sample.

z=2| 7=3 Z=4 Z=6
X=4 |063| 0.38 0.26 0.24
X=5 | 061| 042 0.41 0.27
X=6 | 0.70| 0.5 0.43 0.40
Question| 6,7,8| 1,3,11 2,4,9a,9b,10 b5a,5b,12

Table 9-6: The performance of the students with Xace working memory capacity to questions of
different Z-demand (Grade eight Test 1: there is n@uestion Z = 5)

=2 Z=3 Z=4 Z=5 Z=6

X=4 0.54 0.33 0.29 0.27 0.10
X=5 0.70 0.583 0.37 0.32 0.10
X=6 0.73 0.57 0.52 0.43 0.14

Question| 4,6,7,8| 2,929 1,3,10,11 5a5h 12

Table 9-7: The performance of the students with Xace working memory capacity to questions of
different Z-demand (Grade eight Test 2)

Looking at tables 9-6 and 9-7, the drop off in parfance can be see when the working
memory capacity of the students comes close taénmeand level (the maximum number
of thought steps required by the least able stuiergach the solution) of the questions. In
establishing the maximum number of thought stepsired by the least able student to
reach the solution, the assumption is that theesiiudas to hold all these thought steps in

the working memory at the same time (figure 9-8).

—_ WM =6
—_— WM=5

Version (1) 1 Version (2)

Average students' performance

Average students' performance

1 2 3 4 1 2 3 4 5

Question working memory demanc Question working memory demanc

Figure 9-8: Comparison of the average student perfmance in Mathematics for all groups of different
X-space (Grade 8)
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The same analysis is now shown for grade 9 (t&bEsnd 9-9).

Z=2 | Z=3 | Z=4 | Z=5 | Z=6
X=4 0.47| 0.47| 0.30 0.18 0.0
X=5 0.65| 0.66| 0.48 0.32 0.10
X=6 0.66 | 0.76| 0.55 0.49 0.30

Question| 5,8 | 2,3| 4,7 6 9

[y

Table 9-8: The performance of the students with Xace working memory capacity to questions of
different Z-demand (Grade nine Test 1)

Z=2 | Z=3 | Z=4 | Z=5 | Z=6
X=4 0.47| 0.37| 0.25 0.21 o0.0L
X=5 0.65| 0.63| 0.57, 0.45 0.10
X=6 0.66 | 0.68| 0.64 0.57 0.30

Question| 8 2,6 4,7/ 3,5 9

Table 9-9: The performance of the students with X-arking memory capacity to the questions of
different Z-demand (Grade nine Test 2)

Figure 9-9 illustrates the drop off in performamasethe demand level of the question

approaches the average working memory capacitysoftoup.

Version

@

Version

@

Average students' performance
Average students' performance

1 2 3 4 5 1 2 3 4 5

Question working memory demanc Question working memory demanc

Figure 9-9: Comparison of the average student perfmance in Mathematics for all groups of different
X-space (Grade 9)

These results illustrate that the overload of wagkmemory is likely to be at least partly
responsible for students’ difficulties in solvingithematics tasks. This is discussed further
later on in terms of correlation. However, otheatfees of the questions may also be
important. These include whether the question ptesen is more applied or more
abstract or whether there is a visual presentattanore symbolic presentation. Of course,

the presentation may also influence possible wgrkiemory overload.
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9.6 Presentation of Questions

According to information processing models, the wlag questions or the problems are
given to the students is very important for thedenus to understand and to succeed in
solving them. Language is known to be important @amd cause working memory overload
(Johnstone and Selepeng, 20aadl it is likely that complicated shapes and theaavay
the question is posed will also be factors thduerice success. Noss and Hoyles (1996)
indicated that the changing in setting produceeqditamatically different facility levels,
and they refer to the Assessment Performance BRiUJ in England as an example. The
APU (1986, p: 836) showed that a question sdéh+ 0.5="? was answered correctly by
63% of students (age 11) while the question: Jalwed £3.70 and then his mother gave
him £1.50, how much did he have in all? was ansiveoarectly by 82%. They justified
this result by sayingd' possible explanation being that money problenessail-grounded

in children’s experience that such difficulties &egercome™ (p: 32).
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The two versions of the mathematics tests allowsdah exploration of some of these
factors and this is now discussed. A t-test congpperformance while the chi-square test
(contingency) was used to compare the frequendiegitt answers. The two approaches
were adopted because answers being marked rightvamag do not give a clear cut

distribution. In fact, in almost every case, thaistical findings were identical.

Applied versus Abstract Questions

Charles and Lester (1984: p: 10) indicated thatieggproblems provide an opportunity
for students to use a variety of mathematical skgkocesses, concepts, and facts to solve
realistic problems, arguing that they may help shedents to be aware of the value and
usefulness of mathematics. However, applied questmay require high demands of
working memory space to solve them. Comparisonpesformance between students’
performance in applied questions and abstract amesow summarised. The comparisons
are carried in the following way. A t-test is cadiout to compare students’ performance
in the two versions. Because there is doubt thatstores from normal distributions
(answers were marked right or wrong), a chi-squaes calculated comparing the
proportions getting each question right or wronige Tirst example is a fraction division.

Version (1) is abstract question and version (2pislied question.

Version 1 Version 2
Find the solution The length of a line is 3.6 m, and we want to
36+12= divide it into several parts the length of each is
1.2m. How many pieces will we get?
Correct 39% Correct 46%
c2=20 (1), n.s. t=1.4, n.s.

Example 1: Grade 8-Q1

Most of the students in the second version manipule question by drawing a line and
they divided it into pieces without translating #yeplied question to the symbolic manner
which may help them to tackle this task withoutrto&ding their working memory.
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The second example is the addition of two fracti@se version is more applied question

while the other is a straightforward abstract goest

Version 1 Version 2

Sara buys a jacket and skirt. The prices are

29% KD, 17% KD respectively. How much will 29% +17% =
she pay for them?
Correct 58% Correct 75%
c2=11.4 (1), p < 0.001. t=3.5, p = 0.001

Example 2: Grade 8-Q2

Very clearly, the students performed better with #bstract version, almost certainly

because it makes much less demand on working metagout being a factor.

Example 3 is subtraction involving polynomials wdeersion 1 is a statement and version

2 is in a symbolic form. .

Version 1 Version 2
Find the solution of subtraction 3X* - 5x+1 _ 3x% - Bx+1
from X- 2X° +4 -2X2 +x+4
Correct 53% Correct 82%
c2=35.8 (1), p < 0.001. t=6.5, p<0.001

Example 3: Grade 8-Q4

It is very clear that the use of a statement reslpegformance very markedly. This might
be attributable to the overload of the working meyrgpace in ‘translating’ the statement
into a symbolic manner, as well as arranging thigreoenials in similar order to get the
right answer. Furthermore, the semantic aspecthefsymbolic language can cause
confusion and the translation of ordinary languagemathematics into the symbolic

language creates a ‘conflict of exactitude’ (Mac8&aBummine, 1986).
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The following three examples (4, 5 and 6) are fibmn grade nine tests. Example 4 is a

rotation question where version 1 is the abstraetand version 2 is much more applied.

Version 1 Version 2

The diagram shows the monitor of the control unit
. . . . in Kuwait airport; the location of an air plane in the
F'”od the image of the point (0, -3) under rotation monitor is in the point (0, -3) (shown in the diagam
90° clockwise asg, and the arrow shows the direction of the air

plane). The controller asks the fight captain to mke

a rotation 90° clockwise around the centre point

(shown in the diagram as C). Calculate the location
of the air plane in the monitor after the rotation

L

o,-3

il

Correct 65% Correct 43%
c2=20.1 (1), p < 0.001. t=4.6, p<0.001

Example 4: Grade 9-Q3

This example also shows that the applied versianush more demanding and this again

is probably because of considerable overload ostindent’s working memory space.

Example 5 asks the students to sketch the graphfuriction where version 1 is the more

applied question and version 2 is the more absbraet

Version 1 Version 2

The function ¥ =X*2 describes the global Sketch the graph of the function
warming, when average temperatures rise by two | y=x+2

degrees. Sketch the graph of the
function

Correct 28% Correct 43%
¢2=10.7 (1), p < 0.001. t=7.3,p<0.001

Example 5: Grade 9-Q6

It is clear that the more applied question hindleesstudents to solve the task.
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Example 6 is a right-angle triangle question, wheeesion 1 is applied question and

version 2 is abstract one. .

Version 1 Version 2
What is the length of the wire that is used to fixthe | abc is a single right angle triangle
antenna? ab=6cm
bc=4cm a
Find
ac=
&m = d cm
-
b c
dem dom
Correct 44% Correct 53%
c¢2=3.5(1), n.s. t=1.9, n.s.

Example 6: Grade 9-Q7

Versions 1 is more applied but less wordy. Pertia@swo effects cancel each other out.

The overall evidence here shows that applied questhinders good performance in four
questions and makes no significant difference & dther two. This is almost certainly
because the more applied question format increaseking memory overload. In fact,

taking all six questions together, performancehe more abstract format doubles the

average performance when compared to the moresdpgliestion format.
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Visual versus Symbolic Presentation

Several studies have indicated the importance sdiosspatial ability in mathematics
performance (Heathcote, 1994; Reuhkala, 2001; Tcho& LeFevre, 2003; Jarvis &
Gathercole, 2003; Maybery & Do, 2003) and it is &hd believed that the visual
presentation of any task plays a crucial role iniliftating this task, particularly in
geometry. In order to examine the assistance afalipresentation in solving any task,
similar questions were presented in the two difiergersions, one with a visual
presentation and other without. Furthermore, aplimated geometrical shape with much
information on it was presented to compare itsstmsce to another shape with no
marking, giving the students opportunity to put tharks in by themselves. Example 1

compares the visual and the symbolic presentations.

Version1 Version?2

Calculate the area of the football patch If the length of rectangle area is (a+5) cm, andst
height is 2a calculate the area of this rectangle

ats
Correct 59% Correct 58%
¢2=0.0 (1), n.s. t=0.07, n.s.

Example 1: Grade 8-Q3

There is no different in achievement in the twosi@rs.
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Example 2 looks at the assistance of the visuadegmtation for the student to solve the
problem. Version 1 is applied question without angual presentation and version 2

provides a visual picture to the students.

Version 1 Version 2
The shape of water tank is right circular A company making various kinds of fruit juice
cylinder. decides to sell its product in 330 ml quantities.
The radius of its base r= 7cm and its height h[ After considering possible containers they
=10cm. decide on metal in the shape right circular
a) Calculate the lateral surface area. cylinder.
b) The water volume if we are going to fill
this tank. a) Lateral surface area

_22 of the container = i

P=7

b) Check that the container
can in fact hold 330 ml of juice.

Part (a) Correct 68% Part (@) Correct 37%

¢2=37.0 (1), p< 0.001 t=6.4, p<0.001

Part (b) Correct 46% Part (b) Correct 56%
c2=3.4 (1), ns. t=1.8, n.s.

Example 2: Grade 8-Q5

The visual presentation for the question hindeesctrrect calculation of surface area. It is
possible that the students knew the formula anditsieversion offered an easier way to
apply it while the second brought in more (unneaegsinformation for them. Calculating

volume shows no statistical difference.
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In the example 3, version 1 presents the pictur&iwait currency and gives the students
opportunity to imagine the real situation, wheresi@n 2 gives them the money amount to

Ali without any picture.

Version 1 Version 2

The fare charged for travelling by taxi is shown The fare charged for travelling by taxi is shown
here. here.
a) How much does it cost to travel 2 miles by taxi1 a) How much does it cost to travel 2 miles by taxi?

Fare Fare
1.500 KD for the first mile. 1.500 KD for the first mile.
0,600 KD for every ¥erule 0,600 KD for every % mile

b) Ali has to travel 3 miles from the cinema to his | b) Ali has to travel 3 miles from the cinema to his
home. Has he money enough to pay his taxi fare | home, he has 3,950 KD. Are his many enough to

from the cinema to his home? pay his taxi fare from the cinema to his hoe?
[= =]
- i BT
g =m Lp ri g
L7 o =T
Part (a) Correct 47% Part (a) Correct 41%
c2=2.0 (1), n.s. t=1.5, n.s.
Part (b) Correct 31% Part (b) Correct 27%
c2=0.9 (1), n.s. t=1.0, n.s.

Example 3: Grade 8-Q9

It makes no difference in either part of the quasivhether a diagram is used. This is an

occasion where the diagram does not add to theignes any way.
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In the following example 4, there are visual présgons in both versions. However, in
version 1, the measurements are presented in the pacture while, in version 2, the

measurements are presented in separate shapes.

Version 1 Version 2

Huda has decided to make a calendar. She | Huda has decided to make a calendar. She is going t
going to stick a photograph onto a piece of carq stick a photograph onto a piece of card and leavepace
and leave space underneath for a calendar tall underneath for a calendar tab. The piece of card i&0

The piece of card is 10 inches high. Th{ . 5L .
7 inches high. The photograph is 8 inches high and the
5

photograph is °8 inches high and the space at thg 5
5 space at the top is8 of an inches, as shown on the right

top is 8 of an inch, as shown on the right. What| What is the heighth of the space between the bottom of
is the heighth of the space between the bottom g picture and the end of the card?
picture and the end of the card?

| S

—=r

10

Correct 12% Correct 8%
c2=17 (1), n.s t=1.3,n.s.

Example 4: Grade 8-Q11

The majority of the sample fails to solve this thglcause the idea of the task is a new idea
and they have not faced a similar task before. &fgeno statistical difference between the

success rates for the two versions.
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Example 5 presents the same question in both verdit version 1 with the visual

presentation and version 2 without.

Chapter 9

Version 1

Version 2

What would be the smallest possible height, to
the nearest millimetre of this container so that it
can hold 330ml of juice?

What would be the smallest possible height, to
the nearest millimetre of cylinder the radius of is
base r = 6 cm, so that it can hold 330ml of juice?

Correct 12%

Correct 10%
c2=38(1),n.s

t=20,p<0.05

Example 5: Grade 8-Q12

There is no statistical difference between the esgcates in the two versions when chi-

square was applied. However, t-test shows verylgiifdrences in students’ success rate
between the two versions.

Examples 6 and 7 are from grade nine tests. Exafhpeabout triangle similarity where

there is a visual presentation in version 1 andiwar2 without.

Version 1 Version 2

Prove triangle @PCis similar to triangle ahd

abc is a triangle where ab= 2cm, ac= 4cm, bc= 3 cm|.
Y ahd is another triangle where ah = 6cm, ad =12cm,
hd= 9 cm.

Prove triangle @bCis similar to triangle ahd

Correct 65%

Correct 61%
c2=0.8 (1), ns

t=0.9, n.s.

Example 6: Grade 9-Q2

The use of a diagram makes no difference.
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Example 7 compares two different visual presentatiwhere version 1 provides a simple

shape and gives the students opportunity to mariemssions on it and version 2 has the

dimensions already added.

a d

Version 1 Version 2

Danbc is right angle triangle in b. Find i
ac=10cm, bc=6cm, ab=8cm hb:
ah=hc =
ad=db C
Find

hd=
hb= : be=fam

Part (a) Correct 65%

Part (a) Correct 58%

c2=16 (1), ns

t=1.3,n.s.

Part (b) Correct 64%

Part (b) Correct 46%

c%=13.6 (1), p < 0.001

t=3.7, p <0.001

Example 7: Grade 9-Q5

It seems that allowing the students to add the wneagents on to the diagram is more

helpful although only part (b) shows statisticgirsiicance.

The visual presentation of a task can provide muofdrmation as one chunk. This may
help to minimize the load on the working memory atiérefore, the visual presentation
assists the students to solve the task properiyeider, a complicated picture with a lot of
information may simply overload the working memspace. The visual presentation then

hinders success.

Sometimes, it may be better to present a diagrathowt the detail marked on it. The
student then has the task of marking each pieaedofidual information on the diagram.
This may help them understand the question graglaall, indeed, enable them to see the

information as a whole. Overload of working memorgy be minimised.
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9.7 Mathematics Attainment and Working Memory

The mathematics attainment, as measured by the ganed by combining the three
school tests, was related to the measured workiegnaony capacity using Pearson
correlation. The value obtained was 0.20, significat p < 0.01. This correlation can be
illustrated as in table 9-10. It can be seen thgh working memory space capacity

students (X = 6) performed better in mathematies those with lower working memory

space capacity (X=4).

GROUP MEAN SCORE IN
(X-Space) MATHEMATICS
X=4 63
X=5 67
X=6 73

Table 9-10: The relationship between working memorg mathematics performance
The correlation between working memory capacity stodents’ marks in the mathematics
tests designed for this study (test data stand=dyligave a correlation value of 0.36, p <

0.001.

GROUP MEAN SCORE IN
(X-Space) MATHEMATICS TEST
X=4 7
X=5 10
X=6 12

Table 9-11: The relationship between working memorg mathematics tests performance

The relationships can be illustrated using a scptt (figures 9-10 and 9-11)
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Figure 9-10: Scatter diagram of scores in DBT relad to mathematics performance
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Figure 9-11: Scatter diagram of scores in DBT relad to mathematics tests performance.

Tables 9-12 and 9-13 illustrate the relationshifwken students’ working memory space

and their performance in mathematics accordingadey

Group MEAN SCORE IN MATHEMATICS
GRADE 8 GRADE 9
X=4 63 63
X=5 65 68
X=6 72 73
Table 9-12: The relationship between working memory® mathematics performance according to
grades
Group MEAN SCORE IN MATHEMATICS TEST
GRADE 8 GRADE 9
X=4 8 6
X=5 9 10
X=6 11 13

Table 9-13: The relationship between working memorg mathematics tests performance according to
grades

The correlation values (0.20 and 0.36) are typadahe kinds of values found in other
subjects at various ages and stages. Typical vahrege from 0.2 to 0.6 (Reid, 2008).
However, they might appear not to be very largeweieer, the difference between the
performance of above average and below averagergtics considerable (around 10% in

the school tests rising to a doubling of the mamkgrade 9 in the test set for this study).

18¢



Chapter 9

9.8 Field Dependency Measurement

The sample of 874 students was classified intoetlgarning style categories according to
their scores in the Group Embedded Figures TesF{GEThe distribution of students'

scores in the GEFT Test is shown in Figure 9-12.

Mean =4.7'
Std. Dev. =2.94

N =834

-_
9)
c
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Field Dependency

Figure 9-12: The distribution of students’ scoresri Group Embedded Figure Test (GEFT)

Students who scored less than half the standaidtaevless than the mean in the
GEFT were classified as field dependent, and thay#40% of the sample. (FD

<4.79- 2.942/2)

Those who scored more than half standard deviatiore than the mean were
considered field independent, 35% of the sample 4F19+2.942/2)

The rest who scored between these values werdddbld intermediate, and
they form the largest proportion of (25%).(4.7B42/2 <FIT> 4.79+2.942/2)

Table 9-14 shows the number of students in eachiteastyle category.

GROUP NUMBERS OF
PERCENT
STUDENTS
FD 331 40%
FIT 208 25%
Fl 295 35%
TOTAL 834 100%

Table 9-14: The Classification of the student by éld dependency
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The classification of the students’ field depenglesdivided into two groups according to
their grades.

FIT
Field Dependency

Figure 9-13: Students' field dependency classificain according to their grades

43% of the grade eight sample categorises as digficetndent while 37% of the grade nine
sample categorises as field independent. The iitdamediates give a similar proportion
in grades eight and nine (24%, 26% respectivellyg thble below shows the classification

of the whole sample into their field dependencyrabteristic.

NUMBER OF STUDENTS
Group
GRADE 8 GRADE 9
FD 171 43% 160 37%
FIT 94 24% 114 26%
Fl 135 34% 160 37%
TOTAL 400 100% 434 100%

Table 9-15: Students' field dependency classificatin according to their grades
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9.9 Mathematics Attainment and Field Dependency

The scores on the field dependency test were etecelith the mathematics performance
scores. Firstly, the school mathematics examinatiarere considered. The Pearson
correlation value was 0.36, p < 0.001. The classiibn of the students according to the
GEFT illustrates significant correlation betweee gtudents’ scores in GEFT and their
mean scores in mathematics. Table 9-16 illustrated field-independent students

achieved better than other groups of students.atescplot for these variables is presented
in Figure 9.14.

GROUP MEAN SCORE IN
MATHEMATICS
Field Dependent 61
Field Intermediate 69
Field Independent 75

Table 9-16: The relationship between field dependey & mathematics performance

O 0O WODO @O

(o]

o
EO
g | ®
)
>
(<5}

2
Q
<§
g |o
<
=8
<3}
E=
<
=

Field Dependency

Figure 9-14: Scatter diagram of scores in GEFT relad to performance

Secondly, The Pearson correlation between studertsht of field dependence and their
marks in the mathematics tests developed for tiidys(versions standardised) gave a
value of 0.57, p < 0.001 level. The scatter plosh®wn in figure 9-15, illustrating the

strength of the correlation.
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Figure 9-15: Scatter diagram of scores in GEFT relad to mathematics tests performance.

Table 9-17 shows the relationship by looking atttivee groups.

GROUP MEAN SCORE IN
MATHEMATICS TEST
Field Dependent 7
Field Intermediate 10
Field Independent 13

Table 9-17: The relationship between field dependeyn & mathematics tests performance

Table 9-18 shows the relationship between studext®nt of field dependence and their

performance in school mathematics examinationsrdoupto their grade.

Group MEAN SCORE IN MATHEMATICS
GRADE 8 GRADE 9
Field Dependent 62 56
Field Intermediate 70 64
Field Independent 79 74

Table 9-18: The relationship between field dependey & mathematics performance according to
grades

Table 9-19 shows the relationship between studext®nt of field dependence and their

performance in mathematics tests according to tredle.

Group MEAN SCORE IN MATHEMATICS Test
GRADE 8 GRADE 9
Field Dependent 7 7
Field Intermediate 9 10
Field Independent 12 13

Table 9-19: The relationship between field dependeyn & mathematics tests performance according to
their grades
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The tests’ questions were divided into two groups

(2) Questions which are essentially algorithmic in preation;
(2) Questions which involve considerable ‘noise’ imtsrof language or graphics

The first group are labelled ‘algorithmic’ and tecond group as ‘noisy’.

Number | Mean | SD
Algorithmic 32 0.54 | 19.9
Noisy 32 0.39 | 17.9
T=32, p<0.05

Table 9-20: The classification of tests’ questions

It clear from the table above that there is sigaifit difference between the performance

means. Students’ performance drop dramatically whemuestions are ‘noisy’.

9.10 Working Memory, Field Dependency and Performance

After the separate analyses of the performanceath@matics with working memory space
and with field dependency, the two factors are wmmed together. When these
independent variables, the students’ X-space agid degree of field dependency are put
together in the regression model, they accountl®¥ of the total distribution of the

students’ performance in mathematics. This indgatesignificant correlation between
these factors and achievement in mathematics. Taé shows the subgroups of
students’ X-space and their degree of field depeceleand there are the means of

performance in mathematics for each subgroup.

FD FIT Fl
GROUP | Mean score| Mean score| Mean score

X=4 59 . 64 70
Y

X=5 60 68 75

X=6 65 73 4

Table 9-21: The relationship between field dependey and working memory with mathematics
performance

As we can see, there is a direct relationship batvetudents’ achievement in mathematics
and their scores in both psychological tests, wgrknemory space and field-dependency.
When the scores in these tests are increasingadhevement in mathematics is also

increasing. The effect is quite marked: the meanrfiopmance in the school mathematics
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examinations of students who are field dependedtvéith a low working memory is 59

compared to 77 for those who are field independadtwith a high working memory.

A similar pattern is obtained when looking at tke tcognitive variables in relation to
performance in the mathematics tests designedhistudy (table 9-22). This explanation
was offered first by Johnstone (1993).

FD FIT Fl
GROUP | Mean score| Mean score| Mean score

X=4 5 7 11
Y
X=5 7 10 13
Y
X=6 9 11 14

Table 9-22: The relationship between field dependey and working memory with mathematics tests
performance

The multiple regression models were applied asal &tage in the analysis of the effect of
the working memory space and field dependency othenaatics tests. The dependent
variable is the students’ scores in mathematicstlagi@ are two independent variables, the
working memory capacity and field dependency. Be#riables explain the total
distribution of mathematics tests scores by 33%n(Bcance level of p < 0.001). Of
course, correlation does not of itself imply caitgaHowever, the work of EI-Banna and
Al-Naeme show clearly that there is a large measticausality involved here (El-Banna,
1987; Al-Naeme1988).
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9.11 Factor Analysis

Factor analysis is a method of looking at correlagibetween several variables to explore
whether there are any underlying reasons to acctamthe observed relationships.
Principal Components Analysis using varimax rotaticas employed here. The procedure
does not identify what any factors (or componeat®). It merely indicates how many
factors exist and how the variables relate to th@dee relationship is expressed as
‘loadings’. These loading can be seen as correlstibetween the variables and the

extracted factors (or components).

Four variables were considered: working memory ciéyeextent of field dependency, test
mark (versions standardised) and the school testsn&he scree plot indicated 2 factors
and these accounted for 75% of the variance (spendjx F). This is satisfactory. The
loadings are shown in table 9.23, with high loadirmploured in pink. Loadings are

correlation of measurements with the factors.

Factors
1 2

Working memory capacity 0.12| 0.98

Variables

Field dependency 0.83| -0.02
Test mark 0.81| 0.34

Mathematics performance 0.74| 0.11

Table 9-23: Loadings from Factor Analysis

In some ways, the outcomes from the analysis alitle surprising. Previous work
(Hindal, 2007) has shown that working memory teta@l$oad as a completely separate
factor. This is because this is measuring the eizpart of the brain and this is very
different from performance — as in the other thresmasurements. The other three variables
load onto the first factor. This almost implies ttrextent of field dependency is a
performance factor like a mathematics test. Indéleele is it considerable controversy
about the nature of field dependency (Danili, 2004 )ability to select information from

noise the same as skill in mathematics?

Indeed, there is the possibility that the key tocsiss in mathematics to seek to develop
this skill in learners. The skill certainly growstivage (see table 7-7). It is not known if
this is simply developmental, like working memompacity, or is a function of learning
and experience. If it is learning and experiendaicivis more likely, then an aim must be

to explore what teaching strategies enhance tltle ski
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A Summary: This chapter attempts to explore the cognitivetdiec which affect

achievement in mathematics. The most importanirigglcan be summarised as follows:

Overload of working memory is likely to be at leastrtly responsible for students’
difficulties in solving mathematics tasks. High womig memory students (X = 6)
performed better in mathematics than those witheloworking memory space

capacity (X = 4).

Field-independent students achieved better thagr @ftoups of students because their
abilities to distinguish the important and relevamiormation from irrelevant ones,
allowing them to use their working memory spacécedhtly. Field-dependent students
do not have this ability; therefore unimportant angklevant items occupy their

working memory space.

The visual presentation of a task can provide muotdrmation asone chunk which

helps to reduce the load on the working memory dnds, the visual presentation
assists the students to solve the task properlyeder, a complicated picture with a
lot of information may overload the working memospace in any attempt to

understand.

Applied questions hinder good performance becausenore applied question format

increases working memory overload.

The next chapter explores attitudinal areas further
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Attitudes towards Mathematics

Phase Two

10.1 Introduction

In order to explore further aspects of studentstuales towards mathematics, a second

guestionnaire was used. The aspects that the sgc@stionnaire looked at are:

Methods to help them understand mathematics;

The importance of mathematics as discipline

Attitudes towards different topics within the matieics syllabus.
Activities in mathematics classes.

Opinion about mathematicians

Attitudes towards learning mathematics; and

Confidence in learning mathematics.

The survey involved the same sample as in chap@b® 10-1)

GRADE 8 GRADE 9
GROUP (14YEARS) (15YEARS) TOTAL
Boys 146 143 289
Girls 269 316 585
TOTAL 415 459 874

Table 10-1: Sample characteristics (second phase)

The questions were analysed separately. The taht®s the response patterns for grade
eight and grade nine groups, followed by the pastdor boys and girls. The data are
shown as percentages for clarity. Chi-square wasl @s a contingency test to compare
between groups and was calculated using the aitgpiencies. Colour shading has been

used to highlight key outcomes in the tables.
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10.2 Methods to Help Understanding of Mathematics

G8
%

64
41
30
19
31
21
47

G9
%

58
31
29
29
28
23
51

| think the following methods will help me to undstand
mathematics.....
Tick THREE boxes which you think are the most inpant.

Using a calculator.

Using a computer.

Have more mathematics lessons.

Using teaching aids such as models, picturesdiagrams.
Using games based in mathematics classes.

Use mathematics to solve real-life problem.

Teach mathematics more slowly.

Table 10-2: Question 1

The purpose of this question is to look at the meshthat the students think will help them
to understand mathematics. Students think usingleulator, teach mathematics more
slowly and using a computer will help them to urstiend mathematics. The percentage
differs from grade eight to grade nine accordingh® syllabuses for each grade. A high
proportion of grade eight choose using a calculbrause the syllabus of grade eight in
the first term covers topics such as fractions aot/ing equations which depend

considerably on calculation. On the other handyrade nine the syllabus covers triangle
theories in the first term. Grade nine studentskiieaching mathematics more slowly will

provide the opportunity to understand mathematipgs.
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5011
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0
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Figure 10-1: Question 1
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10.3 Mathematics Importance

G8
%

52
29
22
24
32
31
55

G9
%

49
35
22
17
33
31
49

| think mathematics is important
Tick THREE boxes which you think are the most impant.

It is useful in daily life.

It is important for some other subjects.
Mathematics can help to solve world problems.
It is a useful way to make sense of the world.
There are many jobs for mathematicians.

It teaches me to think logically.

It is important for many courses at university

Table 10-3: Question 2

The aim of this question is to explore studentsinmms about the reason for the

importance of mathematics. Grade eight student thiathematics is important because it

is required for many courses at university, itseful in daily life and there are many jobs

for mathematicians. Grade nine students agree thehfirst two choices but the third

choice is different. They chose ‘it is important &bme other subjects’, because in grade

nine they start to use their mathematics knowleddgke science field.

While mathematics is perceived as a service suligeaither tasks, the response that it is

useful in daily life is interesting. It is not olous why this should be so. The mathematics

used in daily life rarely involves any more thamywsimple arithmetic skills.

50

40

30

20

10+

G8 G9
pa
T T
%, &, 7, 7, %, X
S, %, %o 2y % "
Soc % 4, S 7 4 S,
(2 & 9, i (2 2 3
Z %, % S &) %, Q
% % 0«@ Y, O(,,@
%/% 0«,0 %
&)

Figure 10-2: Question 2
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10.4 Interesting Topics

The purpose of this question is to explore whighd® interest students. The students are

allowed to choose as many as they like.

G8 | Which of the following topics interest you?
% Tick as many as you wish

50 | Solving equations

18 | Elementary sets theory
22 | Quadratic equations

23 | Fractions

9 Transformation geometry
23 | Volume

12 | Analytic geometry

Table 10-4: Question 3 (Grade 8)

The majority of grade eight students say that hameinterest in solving equations.
Students’ interest in solving equations might hehattable to the challenge in such tasks.
Only a small proportion of the grade eight samgiese Elementary sets and this have

arisen because many had not reached the topic tbejuestionnaire was held.
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Figure 10-3: Question 3 (grade 8)
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In looking at topics (table 10-5), sets and thgaemtion gain a high percentage of grade

nine preferences. Then, transformation geometryslirthe second highest proportion.

Student choices may be depend on their confidelnoetdhe topic and the easinedst.

G9 | Which of the following topics interest you?
% Tick as many as you wish

48 | Sets and their operation
15 | Inequalities

30 | Solving equations

27 | Triangle geometry

12 | Circle geometry

38 | Transformation geometry

7 Polynomials

Table 10-5: Question 3 (Grade 9)
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Figure 10-4: Question 3 (Grade 9)
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10.5 Mathematics Difficulty

The aim of this question is to explore where stislgriace their reliance when facing
difficulties. Students are allowed to choose thbeges which they think are the most

important. Table 10-6 shows the percentage of ststeesponses in grade 8 and 9.

G8 | G9 | When I have difficulty in studying mathematics, €ty on .....
% % Tick THREE boxes which you think are the most itapb

43 41 School textbook

39 38 Family member

43 a7 School teacher

28 32 | Out-of-school teacher

11 11 General mathematics book
15 6 Internet

35 37 Self-teaching manual

23 32 Friends

Table 10-6: Question 4
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Figure 10-5: Question 4

A high proportion of the sample (almost half) irateed that they rely on the school teacher
if they face difficulty in mathematics. Studentsedesomeone to show them what is
important, to demonstrate the techniques and fmoresto their questions. A computer or a
book will rarely be able to interact with them inig fashion (Krantz, 1993). A high
proportion of the students also indicated that tredy on the school textbook if they face
difficulty in studying mathematics. This reveal® timportance of having quality school
textbooks. The high reliance on the out-of-sch@aicher (private tutor) is a matter of
concern, with the least successful relying mos {able 10-19).



10.6 Activities in Mathematics Classes

Chapter 10

The aim of this question is to explore which a¢yivhe students prefer in mathematics

classes. Table 10-7 illustrates the percentagtidésts’ responses in grade 8 and 9.

G8
%

24

18

10
13
12

G9 | What type of activity do you like in mathematics chsses?
% Tick ONE box
20 Solving exercises and problem
3 Discovering
Working on my own
4 Theory proving
11 Using a computer
4 Reasoning and proving
Working as a group
12 Listening to the teacher
21 Discussion
Table 10-7: Question 5
2572
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Figure 10-6: Question 5

Solving problems and discussion show a high pragpof students’ preferences in grade

eight and grade nine. Solving exercises and prableior the students, means the

completion of exercises, usually from the textbo8kiccess in mathematics tests and

examinations depends so heavily on being able toy @ut procedures correctly; the

importance of practice is obvious. However, thesgoe relates to students saying that

they like the activity. There is, perhaps, a sati8bn in mastering a technique so that it

can be carried out automatically and correctly.réhs also a satisfaction in getting a right

answer in that the students then know that theycoge with the test and examinations

when they come. The perceptions of students arkapserrather practical and sensible

here!
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Discussion can help the students to share wheyehidgne problems and where they do not
understand but, perhaps, are uncertain about regesilich difficulties to their teacher.
There can be cognitive conflict in such discussiod ideas can be corrected, modified and
challenged in useful ways. Studerttink that discussion will help them but their
experience may be too limited to make such a juégenThe main reason may well be

that such discussion gets them away from a teatdramated lesson.

Using a computer also shows a high proportion efstiudents’ preference. As Garnett and
Hackling (1995) suggested, the use of modern aisliall technologies and computer
graphics can overcome difficulties with abstracholiservable concepts (Garnett and
Hackling, 1995). However, using modern technologmey create another difficulty which
is unfamiliarity with usage of such technologieds@® the problem of finding quality
software is very real and there may be difficultiesgaining access to appropriate
hardware when the need arises. Of course, new dé&gn has novelty value and this

sometimes influences its use when evidence fafféstiveness is not apparent.

A greater problem relates to working memory. Ineayvrecent study with first year
university students, the key problem of informatawerload in much typical software was
identified (Chandi, 2008). It is absolutely essaintihat software design takes this limiting
factor into account. One study in chemistry looke&dhe use of computer software and
found that it brought about no advantage at aléarning (AlJumailly, 2006). The author

considered working memory overload and regardedahithe main problem.

Proving theories and the skills of reasoning araVipg are rated poorly. The former is a
very boring task with little apparent benefit whilee lack of support for the latter may
reflect the developmental stage of the learnere.h8uch skills will not yet be fully

accessible to them.
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10.7 Secondary Mathematics versus Primary Mathematics

The question aims to explore students’ ideas aluyt secondary mathematics is often

seen as more difficult than primary mathematicse Mast majority see secondary

mathematics as very complicated and involves diffiexplanations. Unfortunately, only a

very small minority of the whole sample see secondaathematics as no more difficult
than primary and it is less in grade nine than gright.

G8
%

27
38
17

G9
%

26
41
11

Secondary mathematics is often seen as more difflcthan primary mathematics.
Tick ONE box which best descritf&scondary mathematics

Not related to the real-life

Very abstract

Secondary mathematics involves difficult explartaon
Very complicated

Secondary mathematics is no more difficult thaprimary

Table 10-8: Question 6
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Figure 10-7: Question 6
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10.8 Image of Mathematicians

The aim of question 7 is to explore the image othm@aticians among grade eight and
grade nine students. The data are shown as pegesritar clarity. Chi-square was used as
a contingency test to compare between groups arsl ca&culated using the actual
frequencies. The vast majority of the studentsisathematicians as clever and valuable in
the society. On the other hand, they see the matteen as a hard worker but unlikely to
be wealthy. A very small minority see mathematisias dull and they justify their view

by writing “because they invent such complicatadgh”.

What is your opinion about mathematicians? 2 | df
Tick ONE box in each line Grade 8 Grade 9 P
Clever 52 14 1111 4 1110 Dull 59 | 5 ns
57| 9 11 3 |1 9
Valuable to the society 46116115 4 2| 8 Worthless to the society 18,3 5 <0.01
52| 9 | 10| 5 | 2| 12
Popular 17,4 17113 6 34 Not Popular 18.0| 5| <0.01
44 | 5 12 | 11 | 6 | 11
Hard worker 4511011416 2113 Not a hard worker 53| 5 ns
45 | 11| 9 5| 2] 16
. 15|10 | 31| 18| 3| 13
. <0.
Rich 217 28125 T3 13 Poor 85| 5 0.05
. . 13| 1 16 | 15| 8 | 37 . .
. <0.
Doing a dangerous job 6 2 8 |13 8|53 Doing a safe job 36.3 5 0.001

Table 10-9: The distribution of grades 8 & 9 studet's responses and chi-square values (Q7)

Table 10-9 shows a growth of negative attitudesatovihe valuation of the mathematician
from grade eight to nine. Grade 9 students holghtlf more polarised views in thinking
about the value of mathematicians to society. trkilog at the data, it is important to note
that their main (maybe only) evidence about matlmas is their teachers. They may

well be describing their own teachers.
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10.9 Presentation of Questions
The aim of this question is to explore student®agl about the easier presentation of

mathematics tasks. As we can see from the tablewb#iat students’ views polarise

between the two dimensions.

The mathematics tasks are easier for me, if they arpresented... e | af
Tick ONE box in each lineGrade 8 Grade [9 P
. . . 37|57 |6|5]29 )
. <0.05
Pictures, like diagrams 2115101513 22 symbol, like algebra| 9.8| 5 0.0
abstract tasks 35155 141634 real-world tasks | 2.2| 5 ns
34141|5 54| 36

Table 10-10: The distribution of grades 8 & 9 studet's responses and chi-square values (Q8)

Table 10-10 shows the distribution of grade eigid grade nine student's responses and
chi-square values. Little significant differensefound between eight and grade nine but
slightly more grade nine students think the predeom of mathematics tasks in term of
picture like diagrams is easier. This differencegimibe attributable to their recent
mathematics curricula. The syllabus in grade ninbighly focus in proving theories and
geometry, so the presentation of mathematics tasteym of pictures may be easier. By
contrast, in grade eight the syllabus is highlyufban equations and algebra and the
presentation of the tasks in the symbol mannerasee for them. However, in both
questions, views are highly polarised suggestirangtviews. The polarisation poses some
very real problems for the mathematics teaches. \ery difficult to meet the needs of the
students with such diverse preferences. The only feavard is to seek to provide a

variety of experiences.
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10.10Studying Mathematics
This question aims to look at the students viewsualtheir learning style. The following

table shows the distribution of grade eight anddgraine student's responses and chi-

square values.

When | study mathematics... 2 |lailp
Tick ONE box in each line  Grade 8 Grade 9
. 19 | 4| 8| 8| 4| 47 ,
. <0.05
| rely on memorizing 5 2151614 56 understanding | 10.6| 3 0.0
| enjoy challenging activities s1,8 11181212 | do notenjoy | 3.7 | 2 ns
26 | 7 |10]| 7 8 34
| enjoy repetitive tasks 42,8 121813 |16 I donotenjoy | 3.5 | 5 ns
42 | 8 |11 | 5 2 19
| like to master one way of 4 | 8 | 8| 7| 3| 23
. many ways| 5.3 | 4 ns
achieving a task 43 | 5| 7 | 5| 4| 24
) . . 33| 5|11|10| 6 | 24 . )
| find exercises boring interesting | 5.8 | 4 ns
34 | 3|8 (11| 7 25
| depend on the teacher most 46 | 9 12191 1 on the text 42 | 3 ns
51 | 7 |12| 5| 2 | 10 book most
| can holq all the ideas in my 21 | 10| 12| 10| 5 | 31 lcannothold | 87 | 3| <008
head easily 16 | 8 |10| 10| 5 | 38
! am not quite sure what is 28 | 8 |16| 11| 6 | 21 I am quite 122| 4| <005
important 36 | 5|11 9| 5| 19 sure

Table 10-11: The distribution of grades 8 & 9 studet’s responses and chi-square values (Q9)

The vast majority of the students

rely on understanding in studying mathematics,
prefer the repetitive tasks,
like to master one way of a achieving a task, and

depend on the teacher most.

These views might be attributable to the naturenmathematics which means that
understanding is heavily dependent on the qualitthe explanation from the teacher.
Thus, they highly depend on the teacher in mathemelasses, prefer the repetitive tasks

and like to master one way of achieving a taskvtodafailure in mathematics.

By contrast, the students’ views polarise in the

enjoyment of challenging activities,
enjoyment in doing the exercises,
their ability to hold all the ideas in their headsly, and

their assurance about what is important.
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More students in grade 9 state that they rely aterstanding; they face difficulties when
trying to hold all the ideas in their head, andythee not quite sure what is important. This
growth of negative attitudes among grade nine stisdmight be attributable to the higher
demand levels of the syllabus. The syllabus idgnaine is highly focussed on proving
theories and there are 20 theories (10 triangleritee 10 circle theories) that students are
required to understand, prove them and hold themind in order to apply them in other

tasks. Problems are to be expected, caused ldvgely inappropriate syllabus emphasis.

10.11Confidence and Mathematics

The aim of this question is to explore studentsificence in learning mathematics, and
how sure a student is of his/her ability in leagnmathematics. Mayer and Koehler (1990)
referred to the importance of confidence in leagnprocess by sayingConfidence
influences a student’'s willingness to approach meaterial and to persist when the
material becomes difficult(P: 61). The following table shows the distributiof grade 8
and 9 student's responses. The data are showrnraniages for clarity. Chi-square was
used as a contingency test to compare between g@mgpwas calculated using the actual

frequencies.

How do you describe yourself in mathematics sal aln so| ¢ | df
classes? Grade 8 Grade 9 P
| am generally a confident person in mathematics | ,- | ,. A 0| -1 384! 4| <0.001
classes 16 | 24| 30| 10| 9
| feel more confident when | succeed in solvinga | 22 | ,, 3|14 4
23| 4 ns
task 53 (22| 9 2 4
. . J |35/ 3
| feel confident when | study mathematics 12.3| 4| <0.05
21 (26|25| 9 9
| feel confident when | really understand what is 2- |, / 4 | 3 23l 4 ns
being taught in mathematics classes 48124110 | 3 | 4 '
| feel confident taking part in a discussion grougn | .5 | ,, : 4| . 60! 4 ns
mathematics classes 44 | 26| 14| 1 5 )
N - - - - ns
| feel confident in mathematics examinations 0, d ——— 74| 4
12 (18 (24| 14| 21
I am confident even when facing difficult |- |+ |5 42 39l 4 ns
material to understand in mathematics classes 10| 12| 22| 16 | 29 )

Table 10-12: The distribution of grades 8 & 9 studet's responses and chi-square values (Q10)

Looking at the questions overall, it is obviousttsudents feel confident in mathematics
classes if they succeed in solving a task, whey tbally understand what is being taught
in mathematics classes and if they take part insaudsion group. The majority of the

students tend to lose their confidence in mathesmakaminations and when they face
difficult material to understand in class. Unforditely, three quarters of the sample see

secondary mathematics as abstract, complicatediffradilt (See question 5). Thus, in this
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case losing of confidence may lead the studentsiltoe and failure to achieve any tasks
in mathematics classes or examinations may leadttisents to lose their confidence. The
following chart shows the path to confidence inrf&ag mathematics (or in learning in

general) derived from students’ beliefs.

A Take part in Discussion

Understanding
LA

(Succeed in Solving a Tasll) §

\ A AL
Co, ncSs

NN R R =

Figure 10-8: Confidence path

There are few differences between the grades. Hemvetwere is significant loss of
confidence in mathematics classes among gradestunents. This may simply reflect the

syllabus.
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10.12Like/Dislike Mathematics

Question 11 is an open one, asking the student&ite three sentences to explain why
they like or dislike mathematics. The response gmates shown in table 10-13 were

created from reading their actual sentences iritamat to summarise the data.

Write Three sentences to explain why you like or dislike matimeatics.
45% Like 55% Dislike
c2=14.3 (1), p < 0.001
G8 | G9 G8 | G9

0, 0, 0, 0,
% % G8 (44%) G9 (47%) % % G8 (56%) G9 (53%)
| have good teacher | have bad teacher
37 36 ¢c2=0.0 (1), n.s. 18 22 c2=0.9 (1), n.s.
useful in daily life Not related to the real-life
42 46 c2=0.5 (1), n.s. 17 19 c2=0.2 (1), n.s.

| always love math | always hate math

24 24 €c2=0.0 (), n.s. 0] 17 c2=4.6 (1), p<0.05

0 x| ST || e e

o 16| gortiemay | g g | Freletes e

4 6 z;e:fucl) t7o (sl(;!v:. zroblems 36 | 30 Lr;e:ez%a(ri?‘tigl .not clear
38 | 31 z;e:full té) (T)y rc].asr.eer in the future

17| 38 | 5 lro0 by pe 001

18 | 39 interesting subject

€2 =19.7 (1), p < 0.001

Table 10-13: Question 11

The first thing to be notice is that most of thedsints state that they dislike mathematics.
They attributed their dislike to the difficultielsat they face in mathematics classes and to
the complicated nature of the subject. Students wtiwated that they like mathematics
attributed their view to the usefulness of mathersan daily life and for their career in

the future.

The second thing to be notice is that mathemageslter play a crucial role in the
formation student attitudes towards mathematicsd&it answers in question 11 draw a
very clear picture about the characteristic of rtteachers whether they have ‘good’
teacher (so they like mathematics because theyHowuéher), or they have ‘bad’ teacher
(so they dislike mathematics because they hatehkmn/Indeed, it was possible to see

which classes have a ‘good’ teacher and which baes a ‘bad’ teacher.
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The third thing to be noticed is that there areigicant differences in some of the student
responses. More students in grade 8 indicatedthiegtlike mathematics because it is an
easy subject while more students in grade 9 inelitahat they dislike mathematics

because it is a difficult subject. The two respensatterns indicated that grade 9 syllabus
is more difficult than grade 8 syllabus, and tilsiemphasised by the teachers’ interviews

in the following chapter.

10.13Sex-related Differences in Attitudes towards Matheratics

This section discusses boys and girls attitudestdwnathematics. The data are shown as
percentages for clarity. Chi-square was used asnéingency test to compare between
groups and was calculated using the actual fregeeno questions 1-6, the boys and girls

responses are almost identical and they are ncusied further here.

BOY GIRL c2 | df p
Clever 6911111112 |11 7 Dull |12.2| 5 <0.05
57 |13 (13| 4 | 1] 12
Valuable to the society wjarl el e lale Worthless to the society| 36.7 5 <0.001
48114116 | 6 | 2| 14
Popular SRR Not Popular | 12.5| 5 <0.05
13| 5 | 15| 15| 5| 47
Hard worker 20| A o =1 Not a hard worker | 20.5| 5| <0.001
47 |13 14| 6| 2| 20
. 21| 8|33|25(3] 10
. <0.005
Rich 12110132 243 17 Poor | 16.8| 5 0.00
. . 13| 1| 8|16|9| 53 . .
. <0.
Doing a dangerous job ol 21161158150 Doing a safejob| 13.7 5 0.0§

Table 10-14: The distribution of boys & girls respmses and chi-square values (Q7)

Table 10-14 shows that more boys than girls thingkrhathematician is

Clever
Valuable to society
Hard worker
Rich
Doing a safe job
Some girl students justify their view about doinglangerous job by writing “because

mathematics is a dangerous subject”.
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The mathematics tasks are easier for me, if they arpresented... 2 | af

BOY GIRL P

Iq term of pictures, like 50| 712 | 6|3 |23 In term of symbol, like 162| 5| <001

diagrams 42 |5]|8 |[6|5] 34 algebra

As abstract tasks = BRI 26 ]2 As real-world tasks | 18.9| 5| <0.001
35|46 6|5]| 45

Table 10-15: The distribution of boys & girls respmses and chi-square values (Q8)

The above table shows that more boys indicatedntlagttematics tasks are easier for me, if
they are presented in term of pictures and asaatgtisks. Whereas, more girls state that
mathematics tasks are easier for them, if theypaesented in term symbol and as real-
world tasks. Fruchter (1954, p: 392) indicated théthas been found with some
consistency that boys on the average excel over gir spatial tasks [and] that the spatial
functions mature between the ages of eleven ateriif Researchers have constantly
observed that boys tend to score higher than girlsneasures of spatial skills (Fennema
and Leder, 1990: p:44), and Hilton and Berglund7é@)9ndicated that gender differences
in mathematics achievement might be attributableleast in part to ‘gender-typed
interests’. Thus, this difference of preferencesveen boys and girls may be attributed as
Schonberger (1976: p: 43) statefictording to Mitchelmore’s (1975) survey of cross-
cultural research, groups who hunt and wander hanee highly developed spatial skills
than those who farm. If boys in our [any] culturarwder more in their play than girls, this

could be a cause of sex differences in spatialtgbil

BOY GIRL c2 |df| p
| rely on memorizing 20| 8 || 77 |5 |9 [on | rely on understanding | 8.4 5 ns
173 |8 |9 |5]|58
| enjoy challenging activities ) e | e [ 2 | do not enjoy challenging| 13.3 | 5| <0.01
29| 8 | 128 |[4]39
| enjoy repetitive tasks e e | do not enjoy repetitive | 8.1 5 ns
Joyrep 478 |15|8 |3 19 Joy rep '
| like to master one way of 475 |8 | 6 | 3| 32] Ilike to think of many ways of 73 5 ns
achieving a task 488 |9 |7 [4]24 achieving a task|
| find exercises boring CIE Y A | find exercises interesting| 8.2 5 ns
40 | 4 11| 14| 6| 26
| depend on the teacher most ar| e |48 |2 19 | depend on the text book| 7.8 5 ns
54| 11| 13| 9 2|11
| can holq all the ideasinmy | 23| 10| 14| 11| 6| 36 | cannot hold all the ideas| 2.7 5 ns
head easily 20| 10| 12|12 |5]| 41
I am not quite sure what is 327 | 1611|728 | am quite sure | 5.9 5 ns
important 39(8 |15|11|6 |21 g ]

Table 10-16: The distribution of boys & girls respmses and chi-square values (Q9)

The above table shows a very few significant déferes between boys and girls in
studying mathematics. More boys than girls stat they enjoy challenging tasks:

perhaps boys tend to take risks and like challengisks more.
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BOY GIRL SA| A| N | D]|sD| ¢ |df p

| am generally a confident person in mathematics | 27 | 29 | 27 | 7 | 11 116] 4! <001

classes 18| 26| 35| 10| 11

| feel more confident when | succeed insolvinga | 62| 21| 9| 2| 5 40l 4 Ns

task 58| 26|10 3| 4 )

| feel confident when | study mathematics 331321191 7110 11.1| 4| <0.05
24130(26]|11] 10

| feel confident when | really understand what is 57 (24| 11| 3| 4 23l 4 Ns

being taught in mathematics classes 54|28 |10 | 4 4 )

| feel confident taking part in a discussion grougn | 52| 22| 18| 2| 5 55| 4 Ns

mathematics classes 50| 28| 14| 3 5 )

| feel confident in mathematics examinations 211231241131 19 9.9| 4| <0.05
14 (21| 24| 15| 26

I am confident even when facing difficult 15| 14| 22| 15| 34

. . . 12.6| 4| <0.05
material to understand in mathematics classes 9115|123 | 20| 34

Table 10-17: The distribution of boys & girls resp@ses and chi-square values (Q10)

More boys than girls state that:

| am generally a confident person in mathematics
| feel confident when | study mathematics
| feel confident in mathematics examinations

| am confident even when facing difficult matet@understand in mathematics.

Generally, boys feel more confident in mathematiesses and this difference may be
related to the masculine and feminine natures. Beryd to be confident, and girls tend to
feel worried more easily. Meyer and Koehler (19Bfl)icated that ender differences in

confidence were also found even when there weriffesences in achievement. At both
the middle and high school levels, females reggbtower levels of confidence in their

ability to learn mathematics than did male: 61).

Having looked at the student responses to the ignestre and considered any gender
differences, the next questions are whether thaesits’ attitudes are related in any way to
their achievement, to their measured working menamy their measured extent of field

dependency. The next section looks at achievement.
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10.14Mathematics Performance and Attitudes towards Mathenatics

The correlations between students’ achievementathematics and their attitudes towards

mathematics are discussed in this section.

Correlation between attitudes and performanceorrelation Coefficient
in mathematics Grade (8) | Grade (9)

p <0.05 p <0.01 <P.001 | (i1s) | newso)
Using a calculator. -0.11 -0.17
Using a computer. -0.04 -0.11
Have more mathematics lessons,. 0.02 -0.06
Using teaching aids such as models, pictures or diams. 0.08 0.05
Using game based in mathematics classes. 0.08 0.04
Use mathematics to solve real-life problem. 0.05 0.10
Teach mathematics more slowly. -0.04 0.05

Table 10-18:Correlations between students’ responses in Q1 amqmkrformance in mathematics

There is a significant negative correlation betwserents’ responses that the calculator
and computer help them in studying mathematicstla@id achievement. Low achievement
students tend to believe that the usage of thelleado and computer will help them to in
studying mathematics. In fact, using a calculator mathematics classes for low
achievement may help them in the high working memdemanding tasks. Many
mathematicians support students’ view and they worwhat is the purpose of spending
years teaching these procedures which will be sareded in adult life, especially for less
able pupils, with the availability of cheap powerglectronic calculators’(Macnab and
Cummine; 1986). However, the students may wefik that calculators would help rather

than have any assurance that they do help.
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Correlation between attitudes and correlation Coefficient
performance in mathematics

p <0.05 P <0.01 Grade (8) Grade (9)
p <0.001 N=(415) N=(459)

School textbook 0.10 0.01

Family member 0.06 0.10

School teacher 0.17 0.12

Out-of-school teacher -0.21 -0.25

General mathematics book -0.11 -0.10

Internet -0.16 0.10

Self-teaching manual 0.03 -0.03

Friends 0.01 0.07

Table 10-19:Correlations between students’ responses in Q4 amqmkrformance in mathematics

There are low but highly significant correlatiorstween students’ achievement and some
things that they rely on when facing difficulty studying mathematics. High achieving
students tend to rely more on the school teachdewiw achievers rely more on the out-
of-school teacher, perhaps because low achieverd ti@e extra personal support in
answering their questions (Krantz, 1993). It isusd that high achieving students tend to
teach themselves, with instructors to point ouidguwr clarify some points (Krantz, 1993),

the school teacher providing this very adequately.

Correlation attitudes and Correlation Coefficient
performance in mathematics
p <0.05 P <0.01 Grade (8) | Grade (9)
p <0.001 N=(415) N=(459)
| rely on memorizing -0.09 -0.03
| enjoy challenging activities 0.14 0.12
| enjoy repetitive tasks -0.10 0.01
| like to master one way of achieving a task -0.06 0.06
| find exercises boring -0.17 -0.04
| depend on the teacher most -0.05 0.08
I can hold all the ideas in my head easily 0.12 0.09
| am not quite sure what is important -0.10 -0.03

Table 10-20: Correlations between students’ respoas in Q9 and performance in mathematics

Table 10-20 shows that students who obtained higiaeks in mathematics tend to:

rely on understanding
enjoy challenging activities
find exercises interesting

feel they can hold all the ideas in their head lyasi
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they are quite sure what is important.
It is interesting to note that being able to hdlddeas in your head easily (high working
memory space) and being sure what is importannh@geld independent) will lead to
performing better in mathematics (Christou, 200En&zi, 2004).

Correlation attitudes and performance in | Correlation Coefficient

<0.05 mathei?)agfs <6.001 Grade (8) | Grade (9)
p <0. p=0. p. N=(415) | N=(459)
| am generally a confident person in mathematics akses 0.20 0.20
| feel more confident when | succeed in solving ask 0.19 0.18
| feel confident when | study mathematics 0.19 0.12
| feel confident when | really understand what is leing

) . 0.17 0.12
taught in mathematics classes
| feel conflhdent taking part in a discussion grougn 014 016
mathematics classes
| feel confident in mathematics examinations 0.20 0.12
I am confident even when facing difficult materialto 012 0.04

understand in mathematics classes

Table 10-21: Correlations between students’ respoas in Q10 and performance in mathematics

There are significant correlations between high iee@ment and confidence in
mathematics classes with the higher achieving stsdending to feel more confident. The
fundamental question is how to develop confidemc&arners so that they can improve
and apply these skills? In her study, Oraif (20@0ind that the only thing that seems to
lead to confidence among students is past sucttegssuccess being limited to success in
academic areas. The essential question is howdpsfccess to those who are not so good
at formal examinations, particularly when theselmsed on recall. If success is the key to
confidence, there is a real danger that the exdimmaystem will generate many of the
population who are unsuccessful, thus reducingidente. The system may lead to the
destruction of confidence. It does not seem tohieestyle of examination but the fact of
success in examination, which is a crucial factwrthe confidence. This is important in

that confidence may lead to further success or aweilingness to try
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10.15Working Memory and Attitudes towards Mathematics

The correlation between students’ working memorgcspand their beliefs about their
learning style is shown in the following table fugsiKendall's Tau-b).

Correlation attitudes and working correlation Coefficient
memory space

p <0.05 P <0.01 Grade (8) | Grade (9)
p <0.001 N=(415) N=(459)

| rely on memorizing 0.03 0.05

| enjoy challenging activities 0.05 0.04

| enjoy repetitive tasks -0.05 -0.07

| like to master one way of achieving a task -0.01 0.02

| find exercises boring -0.08 -0.04

| depend on the teacher most -0.02 0.04

I am not quite sure what is important -0.08 -0.03

Table 10-22: Correlations between students’ respoas in Q9 and their working memory space

The first thing to notice is that, in most quessiprihere are almost no significant
correlations between students’ working memory ciépand their beliefs about their
learning preferences. Even the question of ‘I cafd lall the ideas in my head easily’
(coloured in red see table 10-22) does not cogetagnificantly with their working
memory capacity. It is possible that they cannet temselves as they are. In a recent
study Hindal (2007) found that school students loid the same age saw themselves in
ways which bore no relation to the measurement nwadéearning characteristics. She
concluded that students were unable to see theessab/they really were (perhaps seeing
themselves as they would like to be) and, therefibras not a useful way forward to try

to measure any kind of learner characteristic bgmaef questionnaires.
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Correlation attitudes and working memory Correlation Coefficient

space
Grade (8) | Grade (9)

p <0.05 p <0.01 p €01 N=(415) N=(459)
| am generally a confident person in mathematics akses 0.03 0.13
| feel more confident when | succeed in solving ask 0.09 0.06
| feel confident when | study mathematics 0.11 0.06
| feel confident when | really understand what is keing

) . 0.03 0.01
taught in mathematics classes
| feel conflhdent taking part in a discussion groupn 0.01 0.08
mathematics classes
| feel confident in mathematics examinations -0.01 0.06
| am confident even when facing difficult materialto 0.01 0.03

understand in mathematics classes

Table 10-23: Correlations between students’ respoas in Q10 and their working memory space

In most cases, no significant correlation was oigibetween students’ working memory
space and their confidence in learning mathemabody the data for two questions were
found significant. In grade 9, students who haigh working memory stated that they are
generally confident persons in mathematics clasaéegere in grade 8, the students who
have high working memory space indicated that tfes} confident when they study

mathematics.
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10.16Field Dependency and Attitudes towards Mathematics

The correlations between students’ field dependeacg their attitudes towards

mathematics are represented in this section (i&mglall’s Tau-b).

Correlati_on between attitudes andcorrelation Coefficient
field dependency

p <0.05 P <0.01 Grade (8) | Grade (9)
p <0.001 N=(415) N=(459)
| rely on memorizing -0.07 -0.07
| enjoy challenging activities 0.11 0.19
| enjoy repetitive tasks -0.18 0.02
| like to master one way of achieving a task -0.12 -0.07
| find exercises boring -0.10 -0.10
| depend on the teacher most -0.05 0.04
I can hold all the ideas in my head easily 0.02 0.06

| am not quite sure what is important -0.02 -0.03

Table 10-24: Correlations between responses in Q@dfield dependency

Correlations are low and only a few are significdiite result shows that field independent
students tend to prefer the challenging activitied those who are field dependent tend to
prefer repetitive tasks and find exercises boritere again, the question ‘Il am not quite
sure what is important’ (coloured in red see table24) does not correlate with the

students’ field dependency, reflecting their indpiio see themselves as they are.

Correlation between attitudes and field cCorrelation Coefficient

dependency
.. Grade (8) | Grade (9)

p <0.05 p <0.01 p <0100 N=(415) | N=(459)
| am generally a confident person in mathematics 0.10 019
classes
| feel more confident when | succeed in solving ask 0.07 0.13
| feel confident when | study mathematics 0.03 0.10
| feel confident when | really understand what is leing

) . 0.06 0.11
taught in mathematics classes
| feel conflhdent taking part in a discussion grougn -0.03 011
mathematics classes
| feel confident in mathematics examinations 0.10 0.12
| am confident even when facing difficult materialto 011 0.10

understand in mathematics classes

Table 10-25: Correlations between students’ respoas in Q10 and field dependency

The first thing to be notice is, in every questitrere is a significant correlation between
grade 9 responses and their field dependency aade 8 responses correlate only with

three questions. However, the pattern of respoissssnilar. The result shows that field
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independent students’ tend to describe themseles®rglly as confident persons in
mathematics classes and field dependent studemiddebe less confident in mathematics
classes. The field independent students are moceessful and this will lead to

confidence.

A Summary This chapter has attempted to offer a general about students’ attitudes
towards mathematics learning and the relationshepyvéen their attitudes and their
achievement in mathematics, their working memompacéy and their field dependency.

The most important findings from this questionn&iaa be summarised as follows:

Less able students’ believe that the calculatothes most helpful method in
learning mathematics.

Mathematics possesses its importance from the istsideews that mathematics is
important for many courses in the university, intpat in daily life and there are
many jobs for mathematicians.

There is high proportion of the students who dependut-of-school teacher if
they face difficulty in mathematics.

Solving problems and discussion attracts the higpegportion of the students’
preferences in mathematics classes.

Students believe that secondary mathematics is midifieult, complicated and
abstract than primary mathematics.

Mathematicians are seen by almost all as clevevahdble in the society.

Most students say that they rely on understandimgnwhey study mathematics.
Students believe that their confidence can be ingtdy taking part in discussion,
understanding and then succeed in solving tasks.

Boy students have more positive attitudes and ncordidence in mathematics
classes than girl students.

Field independent students are more confident fiethdependent students.
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10.17Review of Findings from Students

From working with students, the importance of wogkimemory and extent of field

dependency has been established in relation toessicmm mathematics. It was also
established that the use of a more visual apprbadito be applied with considerable care
while the introduction of a more applications ots&ad approach raised the major

difficulty of working memory overload.

Indeed, there is the possibility that the key tocgss in mathematics is to seek to develop
ability to select information from noise in learseilhere was clear evidence of a decline
in positive attitudes with age and the excessiwalgrioaded curriculum was a likely
reason along with the perceptions that some top®e® irrelevantCan we reduce the
‘noise’ amount in mathematics curriculum, whichlvaglp the students to be able to select
from the techniques variety that they have studiadathematics classes. The perceptions
of mathematics teachers and inspectors will beaggdlin the next experiment. The next
experiment will seek teachers’ views about some&som mathematics which are believed

to confuse the students in mathematics such aoingcand triangle theories.
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Mathematics Teachers Interviews

Phase Three

11.1 Introduction

In the two previous phases, the students’ workiegnaory capacity, field-dependency and
their attitudes have been related to their achi@rgnm mathematics. This was followed by
a detailed analysis of two mathematics tests tdoegghe ways by which students gained
success. From this work, the importance of workingmory and extent of field

dependency has been established in relation toessicmm mathematics. It was also
established that the use of a more visual apprbadito be applied with considerable care
while the introduction of a more applications ots&ad approach raised the major
difficulty of working memory overload. There waseal evidence of a decline in positive
attitudes with age and the excessively overloadadotilum was a likely reason along

with the perceptionthat some topics were perceived as irrelevant.

The first two phases had focused on the learnaetgl@ncurriculum experiences they had.
In this phase, the aim is to focus on the percaptmf mathematics teachers and school
inspectors to see the extent to which their viealate to the findings from work with

students.

This work involved semi-structured interviews whioffer an opportunity to focus on
some key areas as well as giving freedom for thehters to expand their views. Interviews
were carried out with mathematics teachers andegtsps in their workplaces. This was
thought to make them more comfortable with the egpee. The interviews were
conducted in a relaxed atmosphere. Each teachesmector was informed that the aim of
the interview was to explore their view of matheiggaeducation and to seek to establish
ways by which this could be improved. They weral ttlat all the information in the
interview would be held securely and that their eamvould not be associated with
records of the interview in any way. The outcomithe interview would not affect their
job at all. The aim was to encourage a relaxeddreeso that teachers and inspectors
would feel free to respond honestly. Notes werenak shorthand by the interviewer and

expanded immediately after each interview, thisnga considerable time.
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11.2 Main Interview Themes

After a few very simple questions were first askecestablish some factual details about
each interviewee and to enable them to relax, itise rhajor area under discussion was
how each saw the aims of mathematics educationthat stage, seven topics were
considered to establish how these were seen instefnthe stage when they should be
taught and aspects of how they should be taughe.idéa of ‘readiness for learning’ a

topic was introduced and the interviewees were dadke consider which topics they

considered caused most of the problems for theestad

At this point, the interviewer gave a very quicknmsuary of the main features of
information processing and there was a discusssoto ahe extent to which this model
offered insights to explain why certain topics iatirematics were found difficult. Finally,
opportunity was given for the interviewees to sisjgmy ideas or thoughts about ways to
improve mathematics education in Kuwait. The in@wschedule used is shown in full
overleaf. However, this was a guideline and, wheterviewees wished to expand issues,

time and freedom was offered for this purpose.

11.3 Stages of the Quantitative Data Analysis

The following diagrams summarises the data anasfages of the interviews.

Familiarizati : Coding '\ Summarizing

Analysing qualitative data involves three main stagfamiliarization and organisation,
coding and recoding and summarizing and interpyetiry et.al, 2006, p: 490). However
in this study in addition to the three main steps,additional step of translation from
Arabic to English is involved. The first stage wasiliarization and organization. All

interviews’ notes were read and reread by the rekBeato be familiar with the data, and to
be able to organise the open-ended questions. &tend stage was translation from
Arabic to English. The researcher attempted tostea@ all the interviews without losing or
changing the meaning of interviewees’ words (forendetail see chapter 6). Coding and
recoding was the third stage where the researaentified the main categories and
themes. The last stage was the summarizing andpieteng data. In this stage, the

researcher attempted to present the massive datevéfi-organized way.
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Mathematics Education
Mathematics Teachers Interview

Q1: How many years have you been a teacher of meites?
Q2: Which age group do you teach now?
Q3: Do you think thebjectives of mathematics educatiamnKuwait aim to help the studentsdmeate a

mathematical sensabout the world around them, or aincteate mathematiciars

Q4: Think about the following topics
This table will be filled with the cooperation bEtteachers

Essential Not
. . Better Better
Topic by age essential as Now | Later Comments
16 by age 16

Fractions
Negative numbers
Sets and their operation
Triangle Theories
Circle Theories
Quadratic equations

Percentage

Q4: According to the idea oéadinessdo you think that the early introductionFefactions cause a real

problem in learning mathematics?
Q5: What is the greatest problems area in mathes?ati

This diagram will be used to explain the functiénhe working memory to the teachers

Long-Term Memory

Wotking Memory
where the operations
of understanding,
thinking and
manipulating happen

Q6: Does working memory space make sense for ffieultiy of this area?

Q7: Anyideasor thoughtsthat may improve mathematics education in Kuwait?
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11.4 Sample Characteristics

25 teachers were selected randomly from differehbsls in Kuwait. All taught in junior
secondary schools (ages 11-15 years old). 4 matloani@spectors were also interviewed
to compare their views. The interviews were heldthe autumn of 2007 and each

interview lasted from 30 to 35 minutes.

The semi-structured nature of the interviews offeaa opportunity to focus on some key
areas as well as giving freedom for the teacherexmwand their views. The opening

guestions gave details of the nature of the saanpdethis is summarised in table 11.1.

Male 7
Female 22

Mathematic Teachers| 25

Mathematics Inspectq 4

Experience

5-9 Years 10
10-19 Years 16
20 Years & more 3

Table 11-1: Sample Descriptions (Third Phase)

The outcomes from the interviews are now summariseefly. Each starter question is
shown and the pattern of responses obtained breogéther. Typical statements made by
teachers are offered, trying as far as possibledatth the meaning from the Arabic

original.
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1.5 Data Analysis

Q3: Do you think the objectives of mathematics edtion in Kuwait aim to help the
students to create a mathematical sense about tlheldvaround them, or aim to
create mathematicians?

The majority of mathematics teachers think that gpecified objectives of mathematics
education in Kuwait aim is to create mathematiciatker than help the students to create
a mathematical sense about the world around theraddlition, they think the curricula
concern about the high achievement students anordgthe low achieving and their
attitudes towards mathematics. They seemed to epprehat what they were being asked

to teach was not what was required by the majofiey argued by saying...

“Most of the topics are wasting of time, and orig person who will be mathematician will
benefit of them.”

“Mathematics objectives aim to create mathematisiarstead of creating the mathematical
sense and cover topics more than the students’need.

“The majority of mathematics syllabus not usefutl @lo not serve the students because it
very abstract”

“The objectives aim to create a student without asybition to continue learning
mathematics. They will forget all maths that thayénbeen taught at school because of the
large amount of mathematical skills which will in@p them, they don't need them.”

In complete contrast, the mathematics inspectailsaafew mathematics teachers thought
the mathematics education objectives aim to hedsthdents to create mathematical sense

about the world around them. Typical statementswer

“The objectives take on consideration all differégvels high and low achievements of the
students and all the knowledge that they studyiaetul in daily life”.

“The syllabuses are very easy, but the studentsadays differ from those in the past, they
don't make an all-out of effort as they did in gast.”

“The objectives aim to help the students to crem@hematical sense about the world
around them, and help them to improve their sdierttiinking.”

“The objectives aim to help the students to creatghematics sense and to create positive
attitudes towards mathematics.”
From the point of view of the interviewees, it wasar that, there is no agreement about
the aims and the objectives of mathematics edutsatio Kuwait. There is a big gap
between the views of those who decide how thesyHlas will be and which topics will be

included in them, and those who will teach thesklsyses. In fact, teachers are involved
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daily in the teaching processes and they know dpiation of their students very well.
Thus, their views about the syllabuses should kentanto consideration and they should
be involved in the process of deciding the syll&@suSverall, the teachers seem to see that
what they are being asked to teach is not medtmagéeds of the majority of the students.

This seems consistent with student views.

Q4: This asked the interviewees to think about fodowing topics

This question aimed to explore the views of teaxl@d the inspectors of mathematics
about some topics in the mathematics syllabuseshmiiere found to be difficult for the
students. Teachers' views will be discussed inildatad then will be compared to

inspectors' views which were often very different.

Fractions

The vast majority of mathematics teachers see ibr@ctas an essential topic in
mathematics education and that all the studentsldisbudy this topic in junior secondary
school (before the age 16) but they preferred taydéhe introduction of fractions from
grade five (10 years old) to grade six or severl2 Years old) or divide teaching fraction

into two years. A typical remark was:

“It is better to teach fraction in stages, staritvaddition and subtraction of fraction and in
the following year teach them the multiplicationdaghivision of the fraction, to avoid the
ambiguity of fraction.”

A small minority of mathematics teachers thoughtfions is not an essential topic for all
the students in junior secondary school at all.yTim®ught that decimal fractions can be
taught to them instead. They also think fractioas be taught to the students who will be
specialising in mathematics. However, they offenedinsights into how this could be

achieved.

Most interviewees thought the topic was an esdewofc for the majority of students and
that it should be studied in low secondary schdmls,it was recognised that it caused real
difficulties for the students. Thus, it is betterdelay teaching fractions from grade five to

grade six or teach it in stages as the teachegestay.

Mathematics inspectors agreed with the vast mgjofithe teachers about the importance
of the topic but, by contrast, they thought th@stahen the topic was to be taught was an

appropriate time.
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Negative Numbers

The views of the mathematics teachers about tegchggative numbers in junior
secondary school were divided into two separateggowith strongly opposing views.
The first group thought that negative numbers isegsential topic in mathematics
education and should be taught in junior secondelmpol because they think the negative
numbers help the students to describe the weaghepdrature and profit and loss ideas.

This view corresponds with the inspectors views.

However, the second group think negative numbensotsan essential topic in junior
secondary school and they think this topic is vagnplicated for the students. A typical

quotation from this group was:

“The difficulties which are caused by this topic keahe benefits of this topic of limited
value”.

They added in that the teaching of multiplicatiansprimary school starts by seeing
multiplication as repeated adding (See figure 1189 they wondered, “What is the

meaning of (-3) x (-2)?”

Figure 11-1: Multiplication example (the picture wa drawn by the teacher as example)
One teacher stated:

“In grade eight, the negative fractions will beriotluced to the students and in this case the
students will be asked to solve such task/{-42.5)? So, they will face double difficulties
occurring from the difficulties of the negative ragnand fractions.”

This view is supported by Martinez (2006, p: 1) his book Negative Math: How
mathematical rules can be positively Berte wondered,

“Is it really true that -4 x -4 =16? And what do#sgs mean physically?

and he continued by wondering,

“Can we construct a system in which, say, -4 x -46”
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The idea of negative numbers arising from loss@mfthe under zero measurements like
temperatures, will be familiar from daily life fstudents. However, the difficulties in these
topics might be attributable to the complicateesudnd procedures that the students have
to apply to solve any problems involving negativenbers. For example, here are the

procedures which the students have to follow iniaglany tasks with negative number:

“When adding numbers of the same sign, we add tdesolute values, and give the result
the same sign.

When adding numbers of the opposite signs, we ttadie absolute values, subtract the
smaller from the larger, and give the result thgnsof the number with the larger absolute
value.

Subtracting a number is the same as adding it' ©sitg.

To multiply a pair of numbers if both numbers hdlve same sign, their product is the
product of their absolute values (their productpissitive). If the numbers have opposite
signs, their product is the opposite of the prodafctheir absolute values (their product is
negative). If one or both of the numbers is O,gtweluct is 0.

To divide a pair of numbers if both numbers haweglime sign, divide the absolute value of
the first number by the absolute value of the sgcamber.

To divide a pair of numbers if both numbers havierint signs, divide the absolute value of
the first number by the absolute value of the seéegumimber, and give this result a negative
sign.”

(www.mathleague.com/help/posandneg/posandneg.htm)

Because of the complexity of these rules, it iddveb avoid such complicated rules and

ideas which do not have any physical meaning imlag mathematics.

Sets and their operations

Here also the mathematics teachers were dividedwd groups. Group one thought that
sets and their operations was an essential topatstahould be taught to the students in
junior secondary school because it is easy to stalgt and helps them in categorization
and classification. The other group think it is raot essential topic for the students in

junior secondary school, a typical remark being:

“Teaching this topic just wasting time without an@al benefit from it”.

They also thought that it occupies a large areamathematics education in junior
secondary school. This time could be used much meooétably for more useful and
important topics such percentages etc. Some matlugang such Errett Bishop (1928-

1983) support the teachers view about sets thdarsthermore, they have objected to
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using set theory as foundation for mathematics layning that it is just a game which

includes elements of imagination (http://en.wikigedrg/wiki/Set_theory).

While there was no agreement about the value ef te&ichers saw no problem in the area
in that the topic was seen as an easy topic byrtherity of the students. Similarly, a

typical inspector view was expressed:

“This topic can provide the enjoyment in mathemtlasses and one of the topics which
shows that the syllabuses take the low achieveimeonhsideration”

The discussion illustrates an important issue. @atwasis is a topic or theme selected for
inclusion in a syllabus? Does level of easinesdglifficulty determine its inclusion? Is
perceived usefulness a major factor? Is a topiuded because it underpins other future

areas of learning or because it is seen as an tenideature of a discipline?

Triangle Theories

Almost all mathematics teachers (20 out of 25) ¢imuthat triangle theories are not
essential topics and they thought that it wouldob#ter to delay them to high secondary

school when the students are able to specialisey Wondered:

“What is the benefit of teaching the low achievenstudents such a difficult topic?”

There was a consistent view that the inclusionuehstopics may lead the low achieving

students to become less interested in learningenatics. A typical view was:

“There are ten triangle theories, students needrow all these theories and know how to
prove these theories and know how to apply theserigs to solving many different tasks. It
is too much. We just push them to failure”

It is clear that there was agreement among mathesrmigtachers about the difficulties of
triangle theories. Thus, some of them suggest fayd&eaching triangle theories to
secondary school where the students are able tded&x study mathematics or not while
others suggested to delete the proofs of the the@mnd just teach the statement of the
theory and its application. In complete contrasg mathematics inspectors thought that
triangle theories were essential topics in juniecosdary school and they thought it is

introduced at the appropriate time.
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Circle Theories

The vast majority of mathematics teachers think ¢tivale theories are not essential topics
that students should study in junior secondary skchidhey prefer to delay these topics to
high secondary school.

It was clear, here again, that mathematics teachgrsed to delay this topic to high
secondary school and think it is very complicatguid. In the other hand, the mathematics
inspectors think these topics are essential toaies the students should learn them in

junior secondary school.

Quadratic Equations

Mathematics teachers think that equations are s@néal topic in low secondary school
but that the quadratic equation is not an essetd@t to be taught in low secondary

school. Some of them said:

“It is better to delay the quadratic equations tiglh secondary school”,

While others said:

“It is better to delete the quadratic equations getely”

Teachers' view about solving equations correspdadstudents’ views about the most
interesting topic, where half the sample prefeligisg equations but just a fifth of them
express interest in quadratic equations. Again,vieess of the inspectors stand in stark
contrast: they think that a quadratic equationrseasential topic in junior secondary

school.

Percentage

All mathematics teachers and inspectors thoughtah@ercentage is an essential topic in
low secondary school because this topic is usefittin banking, sales and in statistics. A
small minority preferred to delay the introductiohpercentage from grade six (about age
12) to grade seven or eight, and they thought ttinatdelay would help the students to

understand this topic very well. Some of them c@mnhon this question by saying:

“If the percentage is deleted or delayed, what we going to teach them in mathematics
classes!”
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There was a general agreement among teachers apeciars that percentages is an
essential topic to have studied by age 16 becaude amportance of this topic and the
benefits that students gain from this topic in ttteaily life situations. Although a small
minority prefer to delay the introduction of therpentage, the vast majority agreed about

the current situation.

Q5: According to the idea of readiness, do you thithat the early introduction of
fractions cause a real problem in learning mathens?

The vast majority of mathematics teachers thouggut the early introduction of fractions
in grade four and five can cause a real problerfeanning mathematics. They thought
fractions and their operations are very complicated the students are required to

remember many techniques which confuse their midgpical view was:

“The tasks which involve fractions often becomefesed with each other. This may be
because some of the tasks appear very similar laadtudents may be wondering “what is
the proper technique to solve this task?”

While it was noted that:

“Fractions are depending heavily on the multiplicat table and unless the students master
it they will not be able to solve any fractionsitas

Thus, they preferred to delay the introductionratfions to junior secondary school and
focus on the basics of addition, subtraction, rplitation and division in primary school

until the students masters the basics which cabulieon. One of the teachers told us a
story about one student called '‘Gumanh’. Gumanhatatope with the fractions although

she performs very well in mathematics. She alwagedbes herself by saying:

“I'm stupid in fractions, | can't understand them”.

The teacher thinks Gumanh problem arises from ahg entroduction to fractions in grade

four and five and continued by saying:

“If we delay the introduction of fractions to gradix, Gumanh will understand fractions
because she is really good at mathematics”.

According to the teacher’s view, the early introtiture of fractions for the students without
the feeling of readiness or the real need of idaily life situations can cause a real

problem in learning mathematics and the studeiitgofaope in fraction topics.
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Q6: What is the greatest problems area in matheros®i

The teachers' views did vary some what accordintheograde they taught but, overall,
they thought the following topics were the great@siblem areas (not in any order) in
mathematics:

e Geometry

* Triangle theories
* Long division

* Fractions

* Percentage

One of teacher who thought that geometry was theatgst problematic area in

mathematics said:

“Geometry is very difficult and demands high levefsthinking and imagination. Students
have to retrieve all the geometrical knowledge Wtiiave been studied in the previous years
to be able to understand the new topic which idt fomi it. So, no wonder that students will
lose the enjoyment in geometry”

All mathematics teachers who teach grade nine thiotigat triangle theories and their
proofs are the most problematic area in mathematics the mathematics inspectors
supported this by sayingpfoving triangle theories is the most problematicea.

Although they thought that they were being taughtha appropriate time. Fractions are
also seen by the majority of mathematics teachedsimspectors as a most problematic

topics in learning mathematics.

Q7: Does working memory space make sense for tifigcdlty of this area?

At this point, the interviewer gave a very briefrsnary of what is known about the way
people process information. The following diagraaswsed to explain the function of the

working memory to the teachers. The approach wéisupon:

Cognitive psychology uses a metaphor borrowed fommputer science. According to
cognitive models, the brain functions somewhat éikeomputer and it has input and output
devices and various classes of storage. The moddéhof human memory comprises of

three kinds of information storage:

(1) The sensory memory (or sensory registrar acepgion filter).
(2) The working memory.
(3) The long-term memory.
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_______ Long-Tertn MMetmotry

Wiorkhing MWl e mory
whetre the operations
of understanding,
thinking arnd
matipualatinng happern

Figure 11-2: The Modal model of human mind (simplifed).

The sensory memory involves the five senses: sigd#ring, taste, touch and smell but, in
the classroom, we depend heavily on sight and igaifihe long term memory is the
permanent information store and stores informattora long time. The working memory
is the store where new information is held for tretdy short periods and combined with
knowledge from long-term memory and holds informrtior a limited period. Adult (age
16+) can hold in their working memory only abowtese plus or minus two (7 £ 2) items
of information at a time (Miller, 1956). For studerage 14-16, the researcher after
experiments on Kuwaiti students found the averageacity of their working memory is

about six.

After this quick outline of the way the brain worikslearning, the interviewees were asked
if they thought the limited working memory spacedmaense of the difficulties in this
area? The majority of mathematics teachers ammbaters thought that this model offered

a good explanation for the reasons for difficulirethe previous topics. They said:

“Ah...We ask the students to retrieve a huge amaouimfarmation not just 5 or 6 items, no
wonder why they fail in mathematics.”

“We don't leave any space for thinking. We fillithveorking space... ha...ha (laughing).”

“Am... proving theories need more than this spaaethfat it is difficult”

However, some of them think the working memory spaeas just gart of the problems
and typical comments were:

“Am...l don't think this is the only reason of théfidulty. | think the nature of mathematics
and students' attitudes towards it play a majoetul

“It may explain some part of the real problem buitrthe whole of it. The problems of
geometry arise from its hierarchical nature. Studemeed to retrieve all the information that
they have studied before”
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However, even in these comments, the potentialwiorking memory is implicit. For

example, the conceptual nature of mathematics nwrdess demands that much
information has to be held in the working memorytte same time in order to achieve
understanding while the hierarchical nature of mathtics also implies working memory

demand.

Indeed, more negative attitudes may also be rel@tedorking memory overload (Jung,
2005) perhaps because overload leads to a faduwaderstand which, in turn, may lead to
loss of positive attitudes towards the learningcpss in mathematics. Building up ideas
hierarchically does place a great emphasis on @uevideas being mastered thoroughly
and then being able to be applied by drawing thewk bnto working memory or inter-
relate with new ideas. The original understandingd storing is highly dependent on the

perception filter and the working memory.

Furthermore, attitudes influence the filter per@aptcontrolling whether we pay attention
or not and then they control our working memoryu3hf a student has negative attitudes
towards mathematics, he may not pay attention tdergtand any new ideas in

mathematics classes because he already blocksrdsfrom learning any mathematics.

Q8: Any ideas or thoughts that may improve mathematducation in Kuwait?

The teachers and inspectors were invited to suggegs by which mathematics education
in Kuwait might be improved. Their views were dif@t and are summarised here.

Teachers made the following suggestions:

Revise the syllabuses and reduce the contents;iapen grade nine syllabus the

number of theories needs to be minimised. Theygrdesl grade nine syllabus as

“full cream syllabus” which means that the syllaust was built for the high

achieving students.

* Teach mathematics in an attractive manner by usioglem solving or using the
computer.

* Reduce the classes that mathematics teacher shaké] to give him the
opportunity to look after the low achieving student

* Teach the students the theories without asking tiogpnove them.

* Primary school should focus on the basics (additsrbtraction, multiplication
and division) to guarantee that all the studentstenghem.

* Teach the students in separate classes or grouprdatg to their levels in

mathematics (setting).
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* Provide training courses for mathematics teachgnt® them opportunity to know
about the latest learning models and the best rdstimateaching mathematics.
* Avoid complicated topics in order to create positattitudes towards mathematics.

A very strong and consistent view was that mathesayllabuses need to be revised and
the contents reduced, especially in grade nines;Timeir views correspond with the views
of students about the most helpful methods to wetded mathematics: half of the student
sample in the second questionnaire thought'tsath mathematics more slowiy'the best
way to help them to understand mathematics. Inrotloeds, give them the time to reflect

and practise what they have learnt.

Teaching mathematics in an attractive manner brygugiroblem solving also corresponds
with students' views about the type of activitytttieey like in mathematics classes where,
'solving exercises and problems' obtains the higheportion of the students' preferences
among other activities. However, this needs ckdifi What students seemed to be
suggesting was that they gained confidence by cetimgl sets of exercises (which they
call problems). There is often confusion betweeer@ses and problems. Teachers were
suggesting the same view as their students. How#éweiuse of computers is uncertain as

there was little evidence that teachers saw cldamy a computer might help.

The inspectors of mathematics held very differeietve in many areas and these are

summarised:

* Provide an adult to help the mathematics teachetteei classes.
* Relate mathematics to real life situations.
* Create a motivation to learn mathematics by usitr@aive methods in teaching

mathematics.
* Use the touch teaching aids especially in primavell
* Using the computer in teaching mathematics.

Their views seem to be dominated by an emphasseeimg the teacher as the source of
the problem. Essentially, they want better teaclsind different teaching methods. They
give no clear indication how motivation can be tedaand the use of computers is not
thought out at all. There is a definite impressadriblame the teacher’, without offering

any evidence that this is the case.
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A Summary: This chapter discussed the analyses of the iesviand the data were
gathered from two groups: mathematics teachersratematics inspectors. The aim was
to explore the perceptions of mathematics teachads inspectors to see the extent to
which their views relate to the findings from wonkth students. The most important

finding from the interviews can be summarised #evics:

There is little agreement about the objectives ath@matics education in Kuwait
between those who decide the syllabuses (mathesmaspectors) and those who
are going to teach these syllabuses (mathematichdes).

Fractions is seen as essential topic in mathematlogation. However, the early
introduction of it in primary four and five and théuild on previous knowledge
before the mastery of them can cause a real probtenmany in mathematics
classes.

There is a growing voice from mathematicians agaieaching sets and their
operation and teachers think this topic takes #vgd a part in syllabuses, more
than it deserves.

Topics such triangle theories, circle theories gonddratic equations are seen a
difficult topics and it would be preferable to deldnem to high secondary school
where the students will be able to choose to stodihematics or not.

There is agreement among mathematics teachers m@spmeciors about the
importance of percentages and it is an essenpal o junior secondary school.
Triangle theories and fractions are seen as the diiisult topics to teach and to

learn.

Looking at the interviews overall, taking into agob the voice of the students as seen in
the questionnaires, the strong impression is gdinagidthere was considerable consistency
of views between the teachers and the studentg€oBirast, the inspectors seemed to be
out of step. Mathematics cannot justify its placeischool on the basis of the production
of mathematicians as this tends to ignore the neédke vast majority. The place of

mathematics must be justified in terms of whasitedy can do for the majority, including

those who perform less well. If this issue was ¢oalddressed fully, then decisions about

topics can then be discussed on an informed basis.

Teachers and students are acutely aware of theulliés in some topics and certain
emphases (like memorisation of theorem proofs)défeult to justify. Nonetheless, it is
not appropriate simply to devise a curriculum bsoeing difficult topics. However, if

topics are found to be excessively difficult, thba reasons for the difficulties need to be
23t
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explored and there needs to be a clear justifinddbo their inclusion at the specified age.

The views of the inspectors seemed woefully lackmsuch insights.
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Conclusions and Recommendations
12.1 Overview of the Project

The present study has looked at two cognitive facés well as attitudinal factors which
relate to learning and teaching mathematics. Therativaim was to suggest ways that

might help to improve students’ performance in raathtics.

This study looked at learning theories in suppgrtine process of learning mathematics
such as behaviourist theory, Piaget's theory amdtroctivism; as well as the theories of
learning mathematics such as Dienes theory of ilegrmathematics and the van Hiele
theory of learning mathematics. However, the maeus$ of this study is on information
processing as a model. This describes learning amel the model absorbs most of the
findings from other models. In addition, the mo@epowerful predicative in indicating

how learning can be improved (see Johnstone, 1R&id;, 2008).

The information processing modes based on a metaphor that emerges from the
development of information processing technolody. fact, the findings which brought
information processing into prominence happeneddour as information technology

made great progress and this technology offeratigulage which was found useful.

The model is concerned with the way informatioreesiour minds through our senses and
how it is stored in and retrieved from memory. Thedel has been derived from strong
evidence which suggests that all learning takesepia the same way. At the moment,
individual differences and personal factors haveeired little attention in the model
although there are signs that this is rapidly ch@mngsee Hindal, 2007). The model
assumes that meaningful learning is related tonthg knowledge is stored in long term
memory: ideas are linked together correctly to farcomplex matrix. Thus, knowledge is
seen as something coherent and holistic, whichigeswthe basis for later learning (Atkins
et.al,1992).

This research has investigated the influence ofkiwgr memory capacity and field
dependency on mathematics achievement. The workemmory space and the degree of
field dependency were measured for 1346 schookstacaged between 14-16 years from
public schools in Kuwait. The Digit Backward TeBBT) was used to determine working

memory space, and the Group Embedded Figure G&ET) was used to measure the
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degree of field-dependency for the students, blod#isd test being tests which have been
used widely and their validity is assured. Howewapsolute measurements were not

important in this study, as rank order was all thas required.

Table 12-1 summarises the student samples involved.

Phase 1 Phase 2
Total

G8| G9| G8 G9
Male 105 | 112 | 146 | 143 | 506
Female | 128 | 127 | 269 316 | 840

Table 12-1: Research samples

Mathematics is usually seen as holding an impordate in the school curriculum.
Because of the importance of mathematics as aptireei and because it forms an
important part of the school curriculum, studeratitudes towards mathematics will be
important so they can gain as much as possible fhem studies. In order to explore some
aspects of students’ attitudes towards mathemaiwsgquestionnaires were developed and
used. This study explored the attitudes of the esited towards mathematics in the
following areas: the importance of mathematics iasipline; attitudes towards learning
mathematics; confidence in mathematics classesrela¢gionship between attitudes and

achievement; activities in mathematics classesppndons about mathematicians.

This study also looked at the views of mathematgzchers and inspectors about the
purpose of mathematics education at school leveKuwait, as well as how they see
various topics in the curriculum. The focus wasyvauch on topics which were found to
be difficult for the students and the possible oeaswhy these difficulties arose. 25
mathematics teachers and 4 mathematics inspectens wmterviewed. The aim was to
explore the perceptions of mathematics teachersrespectors to see the extent to which

their views relate to the finding from work wittugients.
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12.2 The Main Findings

The most important findings of this study can bensiarised under three headings:
cognitive factors influencing learning in matherogfiattitudes of the learners; the views

of teachers and inspectors:

(®) Cognitive Factors:

Overload of working memory is likely to be at legsartly responsible for
students’ difficulties in solving mathematics taskdigh working memory
students (X = 6) performed better in mathematies tthese with lower working
memory space capacity (X=4).

Field-independent students achieved better thager afoups of students because
their abilities enable them to distinguish the imtpot and relevant information
from the irrelevant, allowing them to use their Wiog memory space efficiently.
Field-dependent students do not have this abititgrefore, unimportant and
irrelevant items occupy their working memory space.

There was a drop in performance with those questiwhich placed a high
demand on working memory space.

The way the questions or the tasks are given tatidents is very important for
the students to understand and to succeed in gotliem. The evidence shows
that questions which are more applied tend to higded performance. This is
almost certainly because the more applied quedbomat increases working
memory demand. On the other hand, usual visuakptason tends to assist the
students to solve the task properly. This is bezausual presentation of a task
can provide much information as one chunk and ey help to minimize the
load on the working memory. However, some compdapictures with a lot of
information may hinder the students understandimthraay overload the working
memory space.

There are key issues here. If working memory capasigenetically determined, then it
raises ethical issues if a low working memory cétggadaces a hindrance on learning or
on assessment. There is no clear evidence thativgonkemory capacity is neatly related
to intellectual ability. It is, however, almost ays related to performance in the kinds of
tests used at school and university. The issuélf ependency is more complex in that
there is no certainty about whether these skilis lma taught. The ability of being able to

focus on what is important for a task in hand é&adly a most valuable skill.



(b)

Chapter 12

Attitudinal Aspects:

Mathematics is believed to be an important sulgedtit possesses its importance
from the belief of students that mathematics isefwl subject in daily life, useful
for their careers, and it is useful for other satge

In spite of the belief that mathematics is an intg@arsubject, mathematics is seen
as an abstract, difficult and complicated subjditioagh abstraction, in itself, is
not seen as the source of its difficulty.

The attitudes of boys towards mathematics are rposéive than girls' attitudes,
and this might be attributable to the different owdisie and feminine natures at
this age: males tend to be more confident whilealesitend to feel worried.

There are significant correlations between studerdftitudes towards
mathematics and their mathematics achievement,r thairking memory
capacities and their field dependency characteristi

Mathematics teachers play a central role in legrmmathematics and in forming
students’ attitudes towards learning mathematics.

Confidence in mathematics classes can be improveshwthe emphasis is on the
mastery of procedures leading to correct solutimn®xercises. Students also
considered that providing opportunities for disaussvould help.

One huge problem is knowing what causes what. Dgathee attitudes cause poor

performance or does poor performance lead to negattitudes? It is almost certainly a

two-way effect (Christou, 2000). However, one mdrkeature is the way attitudes related

to mathematics are often so polarised, with sizeabinorities holdingvery negative

views. The power of the teacher is very evidertaalgh there is little indication that the

teachers in Kuwait are the source of any negatitiri@des. The subject is perceived as

difficult, irrelevant and unnecessarily complicated
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(c) Teachers and Inspectors:

There is no agreement about the objectives of maties education in Kuwait

between those who decide the syllabuses (mathesriaipectors) and those who
are going to teach these syllabuses (mathematichdes).

Fractions is seen as essential topic in mathemetiasation. However, the early
introduction of it in primary four and five, thenaibeing to build on this previous
knowledge before the mastery at a later stagecaase a real problem for many
in mathematics classes.

There is a growing voice from mathematicians adde®ching some topics: this
includes negative numbers (at too early a stagandle theories, and ‘useless’
topic such as sets.

The strong overall impression given from the iniams is the marked discrepancies
between the views of the teachers and the viewlseoinspectors. Indeed, the views of the
teachers seem much closer to the views of the stsideaving the inspectors holding very
isolated perceptions. In general, the inspectaemsi® think that things are generally fine
and that all the problems can be laid at the fdéahe teachers. Naturally, there is no
evidence that the teachers agree! Probably, the fandamental issues relates to why

mathematics is taught, the view of the inspectersgunsustainable.

12.3 Overall Conclusions

The study of mathematics has held a central rolchool education systems from early
times. Originally, the work focussed mainly on wtaday would be known as arithmetical
skills, these being seen as important for life asplecifically, for many occupations.

Algebra and geometry started to take their plaseseaondary education developed while,
later, calculus was added. With the advent of thiguitous calculator, the need for basic
arithmetical skills was reduced but the topics weztained in school education simply
because it was felt that a clear grasp of suclsskis essential for all students. While a
calculator could complete the procedures very ately and quickly, there was a need for

the learner to understand what was being done.

There are some parallels with the use of statigticesearch. Few researchers have a good
understanding of statistics but many put data @giatistical computer package to reach
conclusions. The dangers are considerable and tereendless papers which have

discussed the problems (Reid, 2006). It might lpeed that the correct use of a statistical
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package needs some understanding of the processdged in statistical calculation and

interpretation.

This leads to a fundamental issue which has ariséhis study. What are the arguments
for all students studying mathematics? Mathemaizgshot justify its place in a school on
the basis of the production of mathematicians estémds to ignore the needs of the vast
majority. The place of mathematics must be justiiie terms of what its study can do for
the majority, including those who perform less wHlthis issue was to be addressed fully,
then decisions about topics can then be discuseednoinformed basis. Teachers and
students realise the difficulties in some topics ibis not appropriate simply to devise a
curriculum by removing difficult topics. However, topics are found to be excessively
difficult, then the reasons for the difficultiesatkto be investigated and there needs to be a
clear justification for their inclusion at the sgexl age. The views of the inspectors by

contrast seemed lacking in such insights.

When the issue of the purpose for mathematics ¢idunoa agreed, then it will be possible
to consider what topics might further these aimsinfially. In fact, teachers are involved
daily in the teaching processes and they know dplation of their students very well.
Thus, their views about the syllabuses should kentanto consideration and they should
be involved in the process of deciding the syll@sug\t that stage, the whole question of

topic order and pedagogy can be addressed.

Working memory is a system responsible for prowgditemporary storage and
manipulation required for any mental process, @mdale in learning mathematics cannot
be neglected. This is where thinking, understan@nd problem solving (in its genuine
sense) take place. Extent of field dependencyeaglait least in part, to the efficiency by

which working memory can operate.

Working memory capacity is genetically fixed. Howeyvit is perfectly possible to reduce
its importance without sacrificing the rigour oktimstruction or testing (see Reid, 2002;
Danili and Reid, 2004; Hussein, 2006; Chu, 2008 rll these studies, the demands of the
curriculum were maintained but the way the teaclingssessment carried out was aimed
at minimising demands on working memory so thaséhwith lower capacities were not

too greatly disadvantaged.
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In mathematics, this can be done by:

Attempt to reduce processing loads in any taskrgiespecially in early stages of
understanding;

Avoid the use of applications which are unnecessapse which add nothing to
the question being considered but simply generaiten

Allow learners to use external aids if the task deds high working memory
capacity: paper notes, discussion.

Provide a clear visual presentation, where appatgriwhere the ‘noise level is
not increased but many ideas are ‘chunked’ together

It is often argued that mathematics involves thgtralot and this, on its own, explains the
difficulties. This study has shown that the diffices are very much related to working
memory overload and the lack of field independemkcen solving exercises and problems.
Nonetheless, mathematics is abstract, conceptublhararchical. These features place

considerable stress on the working memory.

Perhaps, the key lies in considering field depeaglernhis offers a way to control the flow
of information, releasing more capacity for holdiagd manipulating information. The
skill certainly grows with age. It is not knowntffis is simply developmental, like working
memory capacity, or is a function of learning angezience. If it is learning and
experience, which is more likely, then an aim maestto explore what teaching strategies

enhance the skill.

This can be brought together in figure 12-1.

Applications

Y Symbolic

Concepts i
N/ Representations

Procedures

Figure 12-1: Tetrahedral relationships between pedrmance types

This figure was derived from earlier work by Jolom&t in Chemistry (Johnstone 1997)
where he developed a triangle. The figure illussathe problem with mathematics.
Clearly, the ultimate aim of mathematics teachingstrbe to enable the learner to apply

procedures correctly in new situations. To reaet goint, the learner must have a good
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conceptual grasp and confidence with the symbolissexl. Thus, this involves all four
corners of the tetrahedron. The ‘expert’ can ds thut the ‘novice’ will fail simply
because the working memory cannot handle the itfeas all four verticesat the same
time The highly field independent person can selectemefficiently exactly what is

needed for a task and thus reduce the working mgoarload.

This offers a key to a way forward. It is essentat learners areot required to work at

all four corners of the tetrahedron. Thus, thelieashould train them on the procedures of
solving any task until they master them and thesequlures are automated. This means
that, like driving a car, the procedures requitigelthought. Indeed, in terms of working
memory, the procedures are ‘chunked’ into one amedttaus occupying only one space.
However, this still involves mastering the procedurand essential symbolic
representations in the learning stage. These rebd made as straightforward as possible

in terms of working memory load.

After procedures and symbolic representations aastened and automated, then the
teacher can move on to develop conceptual undeisgs At this stage, the students are
able to carry out the procedures with high levélsuzcess but may not know why they are
doing or what it means. Learners are seeking toensakse of their world around (Piaget,
1962) and this final stage of developing some kihdonceptual understanding is critical

to generate some satisfaction in their learningeerpce. Nonetheless, because of working
memory limitations the development of conceptuadearstanding needs tdollow

procedural mastery.

At that stage, applications can be introduced. Stbhdents now know and understand the
procedures and they just focus in interpretingapplied question into a symbolic form
and then apply the procedures automatically withihet need for thinking about these

procedures.

This study offered some clear evidence of a dediingositive attitudes with age and the
excessively overloaded curriculum was a likely osaslong with the perceptions that
some topics were perceived as irrelevant. Furthegntbis study reflects the crucial role
that the mathematics teacher plays in the formation tofdent attitudes towards

mathematics. Thus, aiming to develop positive s towards mathematics including
confidence, enjoyment and an appreciation of & g®werful tool should be parallel with

the acquisition and the understanding of mathematamcepts and skills in mathematics

education
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12.4 Strengths and Weaknesses of this Study

Any research study has its own strengths and weaakne

This study involved very large sample with two @geups, making it likely there
is high reliability in the measurements.

The working memory capacity and the field depengeests are well established.
In attitudes work, there is no certainty that snideesponded to reflect the reality
of their views but their responses may have redte¢heir aspirations. However,
there was considerable consistency of views betweeteachers and the students
and questions relating to performance correlatetipely with the students’
performance. All this supports the validity of thervey.

It would be interesting to involve other age gro(gsde six or grade ten) and to
interview more students to explore their attituttegards mathematics. However,
time did not permit this to take place.

One major limitation of this study is that is waar@ed out only in Kuwait.
Nevertheless, it is possible to generalise the cvnés because mathematics
education seems to be similar in most countriesratdhe world.

Another limitation regarding this study is thatdid not attempt to solve the
problems of mathematics education. The aim wasduigle some explanation of
the causes of the problem. Given these explanatibasnext stages are to apply
them in modifying the way mathematics is structuredight and assessed in
schools. However, this raises a very real issuerd s a pressing need to enable
those who take the decisions in Kuwait and elsesvhmetating to the aims of
mathematics education, the curriculum and the assmd® procedures so that
changes, based on sound empirical evidence cantrioeluced. This will not be

easy.
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12.5 Suggestion for Further Work

This study has raised many issues and the folloaregs are suggested for further work:

(1)

(2)

(3)

3)

(5)

(6)

(7)

Explore the effects of visual-spatial workingmmory on achievement in geometry
and mathematics in general.

Explore whether field dependency is simply depmental, like working memory
capacity, or is a function of learning and expereenlf it is learning and
experience which is more likely, then the quesi®mvhat are the learning and
teaching strategies that enhance the field depegydekill in mathematics
classes?

Is teaching the students in separate classgsops according to their levels of
ability in mathematics classes (setting) helpful @nhancing learning
mathematics?

Explore the rationale behind mathematics sulé®s and evaluate mathematics
topics. The inclusion of many topics needs moresaead justification and this
applies particularly to some complicated topics.

Construct attractive mathematics syllabusesedan a sound rationale that also
takes into account the nature of the learner amd place of mathematics
education as an integral part of the preparatioryaafng people as effective
members of their society.

The widespread introduction of computers irtbo®ls has its impact on teaching
mathematics. Computers bring a new way of thinkahgut mathematics and
introduce new areas of mathematics. How can wehiseéechnology effectively?
Can we design programs that help students to ledividually?

In the light of the observation that mathensig a highly unpopular subject in
Kuwait at upper school and university level, itMié a useful survey of attitudes
related to mathematics from about agell to ageol6ee if there are clear
pointers to the origins of the problem.

12.6 Endpiece

Taking into account previous research findings study has aimed to offer some insights

into the problems associated with the learning ath@matics in Kuwait. It is very clear

that mathematics has major problems in Kuwait imgeof its popularity with students. It

is hoped that it will contribute to future improvents there and, perhaps, elsewhere as the

exciting world revealed by studying that most deduag discipline are opened up to

increasing numbers of students to give satisfactioth benefit as well as meaning and

enjoyment.

24¢



References

Adams, J. W., & Hitch, G. J. (1997). "Working memaand children's mental addition."
Journal of Experimental Child Psycholo@y. 21-38.

Aiken, L. R. (1976). "Attitudes toward mathematicReview of Educational Researd!®:
298-311.

Ajzen, 1. (1985). From intention to action: A thgaf planned behavior. Action control: from
cognition to behavioumNew York, Springer-Verlag.

Ajzen, ., & Fishbein, M. (1980). Understanding iAitles and Predicting Social Behavior
New Jersey.

Al-Ahmadi, F. (2008). The development of scientiftinking with senior school physics
students. Glasgow, Glasgow University.

Alenezi, D. F. (2004). Difficulties Associated witheaching and Learning Mathematics: A
Study of Psychological Factors Affecting Pupils'rfBenance._Science Education Centre
Glasgow, Glasgow University.

Alhmali, R. (2007). Student attitudes in the contekthe curriculum in Libyan education in
middle and high schools, University of Glasgow.

Aljumaily, A. (2006). Working memory overload andokecular simulation in teaching
chemistry, University of Glasgow.

Alloway, T. P. (2006). "How does working memory Wwan the classroom?" Educational
Research and ReviewW$4): 134-139.

Allport, G. (1935)._Attitudes In c. Murchison (Edih Dawes, R. & Smith, T. (1985) Attitude
and opinion Measurement, in Lindzeny, G. & Aronsén, (1985), Handbook of Saocial
Psychology, New York

Al-Naeme, F. F. A. (1988). A study of some psyclgatal factors affecting performance in
chemistry at secondary and tertiary levels., Usingiof Glasgow.

American Association for the advancement of Scie(sAAS) (1993). Benchmarks for
science literacyWashington, DC: Author.

Annis, L. F. (1979). "Effect of Cognitive Style ah@arning Passage Organization on study
Technique effectiveness." Journal of EducationgtRalogy72. 620-626.

Ary, D., Jacobs, L., Razvieh, A., & Sorensen. @O@). Introduction to research in education
California, Thomson Wadsworth.

Ashcraft, M., H. (2002). Cognitigrdpper Saddle River, NJ: Prentice-Hall.

Ashcraft, M., H. (2006). Cognitigrdpper Saddle River, NJ: Prentice-Hall.

Ashcraft, M. H. (1994). Human memory and cognitibiew York, Harper Collins College.
Ashcraft, M. H., Donley, R. D., Hales, M. A. & VdkaJ. (1992). "Working memory,
automaticity, and problem difficulty.” Advancespaychologyd1(3): 301-329.

Asher, W. J. (2003). The rise to prominence: Edanat Psychology 1920-1960. In
Zimmerman, B. Z. a. S., D.H (2003). "EducationaydP®logy: A Century of Contributions."
189-205.

Assessment of Performance Unit, A. P. U. (1980).thdaatical Development: Primary
Survey Report no..l1.ondon, HMSO.

Assessment of Performance Unit, A. P. U. (1981)thdmatical development: primary survey
report no.2 London, HMSO.

Assessment of Performance Unit, A. P. U. (1982).thdaatical Development: Primary
Survey Report no. 3.ondon, HMSO.

Assessment of Performance Unit, A. P. U. (1986eiew of monitoring in mathematics
1978-1982London, Department of Education and Science.




Chapter 12

Atherton, J. S. (2005). "Learning and Teaching: n¥&sgent and Divergent Learning [On-
line] UK: Available: http://www.learningandteachimgfo/learning/converge.htm Accessed: 24
June 2007."

Atkins, M., Beattie, J., & Dockrell, B. (1992). Asssment issues in higher education
Newcastle School of Education, University of Nevitzas

Atkinson, R. C., & Shiffrin, R.M. (1968). Human merny: A proposed system and its
component processes. The psychology of learning raativation K.W. Spence and J.T.
Spence. London, Academic Pre8s.

Atkinson, R. L., Atkinson, R. G., Smith, E. E., aBem, D. J., (1993). Introduction to
PsychologyFlorida, Harcourt Brace Jovanovich, Inc.

Ausubel, D. P. (1968). Educational psychology andbge view. New York, Holt, Rinehart
and Winston.

Ausubel, D. P., Novak J.D., and Hanesian, H. (19E8lucational Psychology: A cognitive
view. New York, Holt, Rinehart and Winston.

Baddeley, A. D. (1966a). "Short-term memory for tw@equence as a function of acoustic,
semantic and formal similarity.” Quarterly Journ&Experimental Psychology8: 302-365.
Baddeley, A. D. (1992). "Working memory." Scierits 556-559.

Baddeley, A. D. (1996b). "Exploring the central exteve." Quarterly Journal of Experimental
Psychology19A (5-28).

Baddeley, A. D. (1997). Human memory: Theory aratpice Hove, UK, Psychology Press.
Baddeley, A. D. (1999). Essentials of Human Memétgve, Psychology Press.

Baddeley, A. D. (2006). Working memory: an overviadiorking Memory and Educatiors.
Pickering. New York, Academic Press.

Baddeley, A. D., & Hitch, G. (1974). Working memoryhe psychology of learning and
motivation G. H. Bower. New York, Academic Pregs-90.

Baddeley, A. D., Bressi, S., Della Sala, S., Lofle, & Spinnler, H. (1991). "The decline of
working memory in Alzheimer's disease: A longitwadistudy.” Brainl14 2521-2542.
Baddeley, A. D., Thomson, N., & Buchanan, M. (1978)ord length and the structure of
short-term memory." Journal of Verbal Learning afaibal Behavioud4: 575-589.

Bagozzi, R. P., & Burnkrant, R. E. (1979). "Attimudrganization and the attitude-behaviour
relationship.” Journal of Personality and Socialdislogy37: 913-929.

Bahar, M. (1999). Investigation of Biology studenttognitive structure through word
association tests, mind maps and structural comeation grids. Glasgow, University of
Glasgow.

Bahrick, H. P., & Hall, L. K. (1991). "Lifetime maienance of high school mathematics
content.” Journal of Experimental Psychology, Gaht?0: 20-33.

Barber, P. (1988). Applied Cognitive Psychologgndon, Methuen & Co. Ltd.

Baroody, A. J., & Standifer, D. J, (1993). "Additi@nd Subtraction in the primary grades."
Research ideas for classroom: Early childhood nmasties 72-102.

Bartlett, F. (1958). Thinking_ondon, George Allen & Unwin.

Becker, J. (1981). "Differential treatment of feemland males in mathematics classes."
Journal for Research in Mathematics Educatigi): 40-53.

Bell, A., Costello, J., & Kuchemann, D. (1983). Baxch Learning and Teachin@xford,
NFER-NELSON.

Bennett, J., Rollnick, M, Green, G. & White, M. (). "The development and use of an
instrument to assess students' attitude to theystiicchemistry,.”_International Journal of
Science EducatioB3(8): 833-845.

Bentham, S. (2002). Psychology and educatitast Sussex, Routledge Modular Psychology.
Berg, C. A. R., Bergendahl, V. C., & Lundberg, B.(R003). "Benefiting from an open ended

experiment? A comparison of attitudes to, and aui® of, an expository versus open-ended
24¢€




Chapter 12

inquiry version of the same experiment.” InternadiloJournal of Science Educati@3(8):
833-845.

Berger, E., & Golberger, L. (1979). "Field depencerand short-term memory." Perceptual
and Motor Skills49: 87-96.

Berk, L. E. (2001). Development through the LifaspBoston, Allyn & Bacon.

Bertini, M. (1986). Some Implications of Field Deglkence for Education. In Bertini, M. L. P.
W., Seymour (1986). Field .In Bertini, M. L. P. WSseymour (1986). Field Dependence in
Psychological Theory Research and Application: TSyonposia in Memory of Herman A.
Witkin. Ed. Hillsdale, Lawrence Erlbaum Associates.

Bertini, M., Luigi, P., & Wapner, S. (1986). Fieldependence in Psychological Theory
Research and Application: Two Symposia in MemoryHefman A. Witkin. Ed Hillsdale,
Lawrence Erlbaum Associates.

Biggs, J. (1996). "Enhancing teaching through amcsive alignment.”_Higher Education
347-346.

Black, J. K. (1981). "Are young children really egatric?" Young ChildreB86: 51-55.

Bohner, G., & Wanke, M. (2002). Attitudes and Attles ChangeTaylor &Francis.

Booker, G. (1993). Contexts for mathematics edapatPlenary Address to the Sixteenth
Annual MERGAconference, Brisbane.

Boudourides, M. (1998). Constructivism and educatid shopper's guidelnternational
Conference on the Teaching of Mathematics, Samezds.

Brinton, J. (1961). "Deriving an Attitude Scale rfitcSemantic Differential Data." The Public
Opinion Quarterly25(2): 289-295.

Brooks, J. (1990). "Teachers and students: Coristists forging connections.” Educational
leadershipt7(5): 68-71.

Brown, S. B. & Brown, L.B.; (1972). "Teaching.” #8 Sc9: 345-351.

Brown, W. (1910). "Some experimental results in terelation of mental abilities.” British
Journal of Psychology. 296-322.

Bruner, J. S. (1966). Toward a theory of instrutti@ambridge, MA: Harvard University
Press.

Bruning, R. H., Scbraw, G. J., and Ronning, R.R99@). Cognitive psychology and
instruction New Jersey, Prentice- Hall, Inc.

Bull, R., & Espy, K.A. (2006). Working memory, Exgove Functioning, and Children's
Mathematics. Working Memory and Educati&@ Pickering. New York, Academic Press.
Bull, R., & Johnston, R. S. (1997). "Children'sttametical difficulties: Contributions from
processing speed, item identification and shortiteremory."” Journal of Experimental Child
Psychology6s: 1-24.

Bull, R., & Scerif, G. (2001). "Executive functiorg as a predictor of children's mathematics
ability: Inhibition, task switching, and working mery." Development Neuropsycholog$:
273-293.

Bull, R., Espy, K. A., & Wiebe, S. (2006). Execugitunction skills as longitudinal predictors
of children's mathematics ability. Working MemonydaEducation. S. Pickering. New York,
Academic Press.

Bull, R., Johnston, R. S., & Roy, J. A. (1999). joring the roles of the visual-spatial sketch
pad and central executive in children’s arithmetis&ills: Views from cognition and
developmental neuropsychology.” Development Newdpsogy15(3): 421-442.

Burton, L. (1990). Gender and Mathematicendon, Cassell.

Burton, L. (1996). Mathematics, and its learning,narrative - A literary for the twenty-first
century._Challenging ways of knowing English, Matfa¢ics and Science (in presB). Baker,
Clay, J., & Fox, C., London, Flamer Press.

Buxton, L. (1981). Do you panic About Mathis@ndon, Heinemann.




Chapter 12

Callahan, W. J. (1971). "Adolescent Attitudes todgamathematics.” Maths Teacl&t 751-
755.

Cambridge Advanced Learner's Dictionary (2003). Bréaige University Press.

Campbell, D. T. (1950). "The indirect assessmersioofal attitudes.” Psychol. Bull7: 15-38.
Campbell, D. T. (1963). "Acquired behavioural dispions."

Carpenter, T. P., Corbitt, M. K., Kepnner, H. Sindquist, M. M., & Reys, R. E (1981).
Results from the second mathematics assessmehe ofational Assessemnet of Educational
ProgressReston, VA: National Council of Teachers of Matiatics.

Carroll, J. (1993). Human Cognitive Abilities: Argay of factor-analytic studietNew York,
Cambridge University Press.

Case, R. (1998). The development of conceptuattsires

Cassels, J. R. T., & Johnstone A.H. (1983). "Megnof Words and the Teaching of
Chemistry.” Education in Chemist?g(1): 10-11.

Chaiken, S. h., & Eagly, A. (1993). The PsycholagfyAttitude Harcourt Brace College
Publishers.

Chandi, S. (2008). System thinking as a teaching) laarning tool for Biology education.
Glasgow, Stratheclyde University.

Charles, R., & Lester, F. (1984). Teaching probsaiwing London, Edward Arnold.

Child, D. (1993). Psychology and the teach&mdon, Cassell.

Child, D., & Smithers, A. (1973). "An attempted idaition of Joyce-Hudson scale of
convergence and divergence." British Journal ofdational Psycholog¥3: 57-61.

Chinien, C. A., & Boutin, F., (1993). "Cognitiveyls FD/I: An important learner characteristic
for educational technologists." Journal of Edudaldrechnology Systen#l(4): 303-311.
Christou, K. (2001). Difficulties in solving algebrstory problems with secondary pupils.
Science Education Centr&lasgow, University of Glasgow.

chu, Y. (2008). Learning difficulties in Geneticadathe development of related attitudes in
Taiwaness Junior high schools. Science Educationr€&slasgow University.

Cirino, P. T., Morris, M. K., & Morris, R. D. (2002"Neuropsychological concomitants of
calculation skills in college students referred flearning difficulties.” _Development
Neuropsychologyl: 201-218.

Cockcroft, W. H. (1982). Mathematics Count®ndon, HMSo.

Cohen, L., & Manion, L. (1994). Research methodedacationLondon, Routledge.

Cohen, L. M., L. & Morrison, K. (2007). Researchthms in educationLondon & New
York, Routledge: Taylor & Francis Group.

Cohen, R. A. (1969). "Conceptual styles, cultureflict and nonverbal tests of intelligence.”
American Anthropologis?1: 828-856.

Conrad, R. (1964). "Acoustic confusion in immediatemory." British Journal of Psychology
55: 75-84.

Cook, S. W., & Selltiz, C. (1964). "A multiple ingitor approach to attitude assessment."
Physiological Bulletir62(1): 36-55.

Corsi, P. M. (1972). "Human memory and the mediaiforal region

Of the brain. In C. De Lillo, (2004) Imposing sttue on a Corsi-type task: Evidence for
hierarchical organisation based on spatial proyiniit serial-spatial memory." Brain and
Cognition55: 415-426.

Costello, J. (1991). Teaching and Learning Mathamsdt1-16 London, Routledge.

Cresswell, M., & Gubb, J. (1987). The Second Irdbaomal Mathematics Study in England and
Wales Oxford, NFER-NELSON.

Cronbach, L., & Meehl, P. (1955). "Construct valdn psychology tests." Psychological
Bulletin 52 281-302.

25C



Chapter 12

Dana, R. H., & Goocher, B. (1959). "Embedded-figuend personality.” Perceptual and
Motor Skills 9: 99-102. in Witkin, H. A., Dyk, R. B., Faterson, H., Goodenough, D. R., and
Karp, S. A. (1974)._Psychological differentiatioBtudies of developmentNew York,
Lawrence Erlbaum Associates Inc.

Daniels, H. L. (1996). Interaction of Cognitive Btyand Learning Control of Presentation
Mode in a Hypermedia Enviroment. Blacksburg, VirgjnVirginia Polytechnic Institute and
State University.

Danili, E. (2001). New teaching materials for setamy school chemistry: A study of
psychological factors affecting pupil performancgcience Education Centréslasgow,
University of Glasgow.

Danili, E. (2004). A Study of Assessment Formats &@ognitive Style Related to School
Chemistry. Science Education Ceni@&asgow, University of Glasgow.

Danili, E., & Reid, N. (2006). "Some potential faxg affecting pupils’ performance."” Chem.
Educ Res Pradi): 64-83.

Davis, J. K., & Frank, B. M. (1979). "Learning antemory of field-dependent individuals."
Journal of Research in Personali 469-479.

Dawes, R., & Smith, T. (1985). Attitude and opiniddeasurement. Handbook of Social
PsychologyG. A. Lindzeny, E. New York.

de Jong, P. F. (1998). "Working memory deficitsredding disabled children." Journal of
Experimental Child Psychology0: 75-96.

Della Sala, S., Gray, C., Baddeley, A., & Wilson, (1997)._Visual Patterns TedBury St
Edmunds, Thames Valley Test Company. Pickering,J.S(2006)._Working Memory and
Education Amsterdam, Academic Press.

Department of Education and Science (1985). Mattiemfiom 5 to 16L.ondon, HMSO.
DeVries, R. (1997). "Piaget's Social Theory." Ediorml Researche?6(2): 4-17.

Dienes, Z. P. (1960). Building up Mathematicendon, Hutchinson.

Dienes, Z. P., translated by P. Seaborne (1973%. stk stages in the process of learning
mathematicsWindsor, NFER.

Donaldson, M. (1978). Children's mindondon, Biddles, Guildford, Survey.

Dossey, J. A., Mullis, I. V., Lindquist, M. M., & l@&ambers, D. L. (1988). The mathematics
report card. Are we measuring up? Trends and aehiemt based on the 1986 national
assessmenPrinceton, NJ: Educational Testing Service.

Drever, E. (1995). Using semi-structured interviawsmall-scale researckdinburgh, The
Scottish Council for research in education.

Driscoll, M. (2005). Psychology of Learning for ingction Boston, Allyn & Bacon.

Dubois, T. E., & Cohen, W. (1970). "Relationshiptvizeen measures of psychological
differentiation and intellectual ability." Perceptiand Motor Skills31: 411-416.

Duff, S. C., & Logie, R. H. (2000). "Processing astdre in working memory span.” Quarterly
Journal of Experimental Psycholof¢A: 31-48.

Duncan, J. (1986). "Disorganization of behaviouteraffrontal lobe damage.” cognitive
Neuropsycholog: 271-290.

Durkin, K., & Shire, B. (1991). Language in Mathdioal education Buckingham, Open
University Press.

Durkin, K., & Shire, B. (1991). 'Language in Mathaties Education, an Introduction in', in
Durkin, K. and Shire, B., (1991), Language in Mamiaéical educationBuckingham, Open
University Press.

Educational Statistical Group 2005-2006 (2006).dation Ministry (Kuwait).

Educational Statistical Group 2006-2007 (2007).dation Ministry (Kuwait).

Eggen, P., & Kauuchak, D. (2007). Educational Pelarfy: Windows on classroontJSA,
Upper Saddle River, N.J.: Pearson Merrill Prentied.

251



Chapter 12

Ehrman, M., & Leaver, B. (2003). "Cognitive styles the service of language learning."
Individual differences: advancing knowledge 393-415.

Eichenbaum, H. (2003). Memory Systerhis.Slavin, R.E. (2006). Educational Psychology:
Theory and Practice. 8th Ed. Pearson/Allyn & Badwston.

El-Banna, H. (1987). The development of a predéctiveory of science education based upon
information processing theory. Science EducationtkgéeGlasgow, University of Glasgow.
El-Sawaf, M. (2007). Education beliefs developmsith pre- and in -service teachers, Using
Perry's Model: A cross-cultural study. Science HEtiwo Centre Glasgow, University of
Glasgow.

Engelbrecht, J., Harding, A., & Potgieter, M (200%)ndergraduate students' performance and
confidence in procedural and conceptual matheméaticternational Journal of Mathematics
Education in Science and Technol&§¢7): 701-712.

Entwistle, N. (1981). Styles of learning and teaghNew York, Wiley.

Fazio, R. (1990). Multiple processes by which atl#is guide behavior: The MODE model as
an integrative framework. Advances in Experimer8atial PsychologyM. P. Zanna. San
Diego, Academic Pressol 23:75-109.

Fehrenbach, C. R. (1994). "Cognitive style of gifend average readers." Roeper Reviéw
290-292.

Fennema, E., & Leder, G. (1990). Mathematics angd@el ondon, Teachers Collede.
Fennema, E., & Rwyes, L. H., Ed. (1981). Teachdudént interactions and sex related
differences in learning mathematid®eaching and Teacher Education.

Fennema, E., & Sherman, J. (1976). Fennema-Shektadimematics Attitudes Scale§SAS
Catalogue of Selected Documents in Psychology@Mahuscript No 1225).

Fennema, E., & Sherman, J. (1978). "Sex-relatddrdifices in mathematics achievement and
related factors: A further study." Journal for Rl in Mathematics Educati®n 189-203.
Feynman, R. P. (1985). "Surly you're joking, MryRman" Adventures of a curious character
New York, W. W. Norton.

Fishbein, M., & Ajzen, | (1976). Belief, Attitudétention and behaviopAddison-Wesley.
Flavell, J. H. (1996). "Piaget's Legacy." PsychatahScience’(4): 200-203.

Fraenkel, J., & Wallen, N. (2006). How to desigm avaluate research in educati@woston,
Mass. ; London, McGraw-Hill Higher Education.

Frank, B. D. (1984). "Effect of Field Independer@ependence and Study Tech-unique on
Learning from Lectures."” American Educational reskeadournaPl1(3): 669-678.

Frank, B. M., & Keene, D. (1993). "The effect ofateers' field-independence, cognitive
strategy, instruction, and inherent word-list oiigation on free-recall memory and strategy
use." Journal of Experimental Educatigi?®{l): 14-25.

Frick, R. W. (1988). "Issues of representation dimdted capacity in the visuo-spatial
sketchpad.” British Journal of Psychologfy 43-49.

Fruchter, B. (1954). "Measurement of spatial absitHistory and background.” Education and
Psychological Measuremetit4): 387-395.

Furner, J. M., & Duffy, M.L. (2002). "Equity for lastudents in the new millennium: Disabling
math anxiety.” Interview in School and CIir88&; 67-74.

Furst, A. J., & Hitch, G. J. (2000). "Separate sdier executive and phonological components
of working memory in mental arithmetic.” Memory a@dgnition28(5): 774-782.

Fuys, D., Geddes, D. & Tischler, R. (1988). The ¥iale Model of Thinking in Geometry
among Adolescentfkeston, VA: NCTM.

Gardner, P. L. (1972). Words in Scienbelbourne, Australian Science Project.

Gardner, P. L. (1975). "Attitude to Science: aegul' Studies in Science Educatignl-41.
Gardner, P. L. (1995). "Measuring attitudes to mmee unidimensionality and internal
consistency revisited.” Research in Science Edutads(3): 283-289.

252



Chapter 12

Garnett, P. J., & Hackling, M. W. (1995). "Studerakernative conceptions in Chemistry."
Studies in Science Educati@h: 69-95.

Gathercole, S., & Pickering, S. J. (2000a). "Wogkimemory deficits in children with low
achievements in the national curriculum at 7 yeafrage." British Journal of Educational
Psychologyr0: 177-194.

Gathercole, S., Lamont, E., & Alloway, T. P. (2008Yorking Memory in the Classroom.
Working Memory and Educatiors. Pickering. New York, Academic Press.

Geary, D. C. (1990). "A componential analysis ofeamly learning deficit in mathematics."
Journal of Experiment Child Psycholog9. 363-383.

Geary, D. C., & Brown, S. C. (1991). "Cognitivedd#tbn: Strategy choice and speed of
processing differences in gifted, normal, and matktecally disabled children.” Development
Psychology27: 398-406.

Geary, D. C., Bow-Thomas, C. C., & Yao, Y. (1992 ounting Knowledge and skill in
cognitive addition: A comparison of normal and neatfatically disabled children.” Journal of
Experimental Child Psycholodyt: 372-391.

Geary, D. C., Brown, S. C., & Samaranayake, V. 299(). "Cognitive addition: A short
longitudinal study of strategy choice and speegrotzessing differences in normal and
mathematical disabled children.” Development Pshatho?7: 787-797.

Geary, D. C., Frensch, P. A., & Wiley, J. G. (1998imple and complex mental subtraction:
Strategy choice and speed-processing differencgsunger and older adults." Psychology and
Aging 8: 242-256.

Geary, D. C., Hamson, C. O., & Hoard, M. K. (2000Jumerical and arithmetical cognition:
A longitudinal study of process and concept defigit children with learning disability."
Journal of Experiment Child Psychology. 236-263.

Gelman, R. (1979). "Preschool Though." AmericancRselogist34: 900-905.

Gersten, R., Jordan, N.C., & Flojo, J.R. (2005)ar identification and interventions for
students with mathematics difficulties.” J. LeagnDisabilities38: 293-304.

Glasersfeld, E. v. (1989). "Cognition, constructiohknowledge, and teaching." Synthese
80(1): 121-140.

Glasersfeld, E. v. (1989). "Constructivism in edigra" The International Encyclopaedia of
Education Research and Studled62-163.

Goodenough, D. R. (1976). "The role of individudfetences in field dependence as a factor
in learning and memory." Psychological Bulleg® 675-694.

Gottschaldt, K. (1926). "Uber den Einfluss der Briang auf die Wahrnehmung von Figuren.”
Psychol. forscl8: 261-317. In Witkin, H. A., Dyk, R. B., Fatersdf, F., Goodenough, D. R.,
and Karp, S. A. (1974). Psychological differentati Studies of developmeniew York,
Lawrence Erlbaum Associates Inc.

Gray, C. (1997). A study of factors affecting arauium innovation in university, University
of Glasgow.

Green, K. (1985). Cognitive style: A review of thiterature Chicago, Johnson O'Connor
Research Foundation.

Greeno, J. G., Callins, A. M., & Resnick, L.R (19960gnition and learning.

Grouws, D. A., & Cramer, K. (1989). "Teaching Pree$ and student affect in problem-
solving lessons of select junior high mathematehers."

Gurley, M. P. (1984). Characteristics of motivatidield independence, personality type,
learning style, and teaching preference of thetadarner as compared with traditional-age
college students. Catholic University of America.

Gurley, M. P. (1984). Characteristics of motivatidield independence, personality type,
learning style, and teaching preference of thetadarner as compared with traditional-age

258



Chapter 12

college students, Catholic University of Americaisgertation Abstracts International, 45,
1268.

Hadden, R. A. (1981). The change of attitude tersm through the primary/secondary school
interface._Social Science Facultyniversity of Glasgow.

Hadden, R. A., & Johnstone, A. (1982). "Primaryasipupils' attitude to science: the year of
formation." European Journal of Science Educadi@h): 397-407.

Hadden, R. A., & Johnstone, A. (1983a). "Secondahpol pupils' attitude to science: the year
of erosion." European Journal of Science Educdif@j 309-318.

Hadden, R. A., & Johnstone, A. (1983b). "Secondahool pupils' attitude to science: the year
of decision.” European Journal of Science Educdi{dh 429-438.

Hall, J. K. (2000). Field dependence-independenod aomputer-based instruction in
Geography. Blacksburg, Virginia Polytechnic Inggtand State University.

Halloran, J. D. (1967). Attitude formation and Charl eicester University Press.

Hammouri, H. A. (2004). "Attitudinal and motivatiain variables related to mathematics
achievement in Jordan: finding from the third imeional mathematics and science study
(TIMSS)." Educational Researdi®(3): 241-257.

Hart, L. (1989). Describing the affective domainayl®g what we mean. Affect and
mathematical problem solviny. A. D. McLeod. New York, Springer-Verlag@7-45.

Healy, A., Clawson, D., McNamara, D., Marmie, Wch8eider, V., Rickard, T., Crutcher, R.,
King, C., Ericsson, K., & Bourne, L., (1993). Tlemb-term retention of knowledge and skills.
In Eggen, P., & Kauuchak, D. (2007). Educationaldhslogy: Windows on classroom. USA,
Upper Saddle River, N.J.: Pearson Merrill Prenkied.

Heathcote, D. (1994). "The role of visuo-spatialrking memory in the mental addition of
multi-digit addends.” Current Psychology of Cogmitll3: 207-245.

Hecht, S. A. (1999). "Individual solution processdsile solving addition and multiplication
math facts in adults.” Memory & cogniti@y: 1097-1107.

Hecht, S. A. (2002). "Counting on working memorysimple arithmetic when counting used
for problem solving.” Memory & cognitioB0: 447-455.

Heise, D. R. (1969). "Some methodological issuessamantic differential research.”
Psychological Bulletirr2(6): 406-422.

Henerson, M., E, Morris, L., & Fitz-Gibbon, C. (198 How to Measure Attituded ondon,
Beverly Hills.

Hiebert, J. (1999). "Relationships between reseamth the NCTM standard.” Journal for
Research in Mathematics Educatff1): 3-19.

Hilgard, E. R., & Bower, G. H. (1966). Theories lefarning New York, Appleton-Century-
Crofts.

Hilton, T. L., & Berglund, G. W. (1974). "Sex diffences in mathematics achievement: A
longitudinal study.” Journal of Educational Resb&d50): 231-236.

Hindal, H. (2007). Cognitive Characteristics ofdgats in middle schools in state of Kuwait,
with emphasis on high achievement. Science Educ&entre Glasgow University.

Hinton, P. R., Brownlow, C., McMurray, |. & Cozer, (2004)._ SPSS explaineHast Sussex,
England, Routledge Inc.

Hitch, G. J., & McAuley, E. (1991). "Working memony children with specific arithmetical
learning difficulties.” British Journal of Psychalp82: 375-386.

Holmes, J., & Adams, J.W (2006). "Working Memoryda@hildren’s Mathematics Skills:
Implications for mathematical development and maidiecs curricula.” _Educational
Psychology26(3): 339-366.

Horner, M. S. (1968)._Sex differences in achievemsmtivation and performance in
competitive and non-competitive situations, in Fema, E. & Leder, G. (1990) Mathematics
and Gender, Teachers Collede, London.

254



Chapter 12

Hudson, L. (1966). Contrary Imaginatiom$armondsworth, Penguin.

Hue, C., & Ericsson, J. R. (1988). "Short-term mgmepan for Chinese characters and
radicals."_Memory & cognitiorl6: 196-205. In Logie, R. H. (1995). Visuo-spatial rkiog
Memory Hove, Lawrence Erlbaum Associates.

Hughes, C. (1998). "Executive function in prescleosl Links with theory of mind and verbal
ability.” British Journal of Developmental Psychgidl6: 233-253.

Hussein, F. (2006). Exploring attitudes and diffi@s in school chemistry in the Emirates,
Glasgow. University of Glasgow.

Javis, H. L., & Gathercole, S. E. (2003). "Verbaddanonverbal working memory and
achievements on national curriculum tests at 7 Bhgears of age." Educational and Child
Psychology0: 123-140.

Jenkins, E. W. (2000). "What can Physics teacteamlfrom research in Physics education?"
Physics Educatio84(4): 245-250.

Johnstone, A. H. (1980). "Nyholm Lecture: Chemigducation Research: Facts, Findings, and
Consequences.” Chemical Society Revi&@): 363-380.

Johnstone, A. H. (1984). "New Stars for the TeadioeStreet by?" Journal of Chemical
Education61(10): 847-849.

Johnstone, A. H. (1993). "The development of Chesiteaching: a changing response to
changing demand." Journal of Chemical Educafiaf9): 701-705.

Johnstone, A. H. (1997). "And Some Fell on Goodu@&m" University Chemistry Education
1(2): 8-13.

Johnstone, A. H. (1999). "Know how your pupils tearand teach them accordingly.
Monitoring Change in Education.” Science Educatiothe 21st Century

Johnstone, A. H. (1999). "The Nature of ChemistBducation in Chemistr§6(2): 45-48.
Johnstone, A. H., & Al-Naeme, F. F. (1991). "Rooon &cientific Thought?" International
Journal of Science Educatidi(2): 187-192.

Johnstone, A. H., & El-Banna, H. (1989). "Undersliag learning difficulties - a predictive
research model.” Stud. High. Edi# 159-68.

Johnstone, A. H., & Kellett, N. C., (1980). "LeargiDifficulties in School Science - Towards
a Working Hypothesis." European Journal of Scidbdecation?(2): 175-181.

Johnstone, A. H., & Letton, K.M. (1991). "Practiddeasures for Practical Work." Education
in Chemistry28(3): 81-83.

Johnstone, A. H., & Reid, N. (1981). "Toward a mnloofeattitude change." European Journal
of Science Educatio®(2): 205-212.

Johnstone, A. H., & Wham, A.J.B. (1982). "DemandsPeactical Work."_Education in
Chemistryl X(3): 71-73.

Johnstone, A. H., Hogg, W.R., & Ziane, M. (1993 Working memory model applied to
Physics problem solving." International JournaSeience Educatior,5(6): 663-672.

Jonassen, D. H., & Grabowski, B. L. (1993). Handbobindividual Difference, Learning, and
Instruction.Hillsdale, NJ: Lawrence Erlbaum Associates, Phlglis.

Jong, T. d., & Njoo, M. (1992). "Learning Instrumti with computer simulation: Learning
processes involved. In E. de Corte, M. Linn, H. Bla& L. Verschaffel (Eds.), Computer-
based learning environment and problem solving 4dd.-429). Berlin, Germany: Springer-
Verlag."

Jonhstone, A. H., & El-Banna, H. (1986). "Capacigmands and Processes - A Predictive
Model for Science Education.” Educational in Chengi23: 80-84.

Joolingen, W. R. v. (1999). "Cognitive tools fosdbvery learning.” International Journal of
Artificial Intelligence and EducatiohO: 385-397.

Joolingen, W. R. v., & Jong, T. de. (1997). "Anended dual search space model of learning
with computer simulations." Instructional Scier®e 307-346.

25¢



Chapter 12

Jordan, N. C., & Montani, T. O. (1997). "Cognitiaithmetic and problem solving: A
comparison of children with specific and generathreeatics difficulties.” Journal of learning
disabilities30: 624-634.

Jung, E. S. (2005). Attitudes and learning Diffied In Middle School Science In South
Korea, University of Glasgow.

Katz, D. (1960). "The Functional Approach to theudst of Attitudes' in Public Opinion
Quarterly. In Halloran, J.D. (1967), Attitude fortiwen and Change, Leicester University
Press."

Kent-Davis, J., & Cochran, K. F. (1989). "An infaation processing view of field
dependence-independence." Early Child DevelopnmashCareb1: 31-47.

Khan, S. B., & Weiss, J., Ed. (1973). In Second dimok of Research in Teachinfravers,
Chicago, Rand McNally.

Kirschner, P. A., Sweller, J. & Clark, R.E. (2008)vhy minimal guidance during instruction
does not work: An analysis of the failure of coustivist, discovery, problem-based,
experiential, and inquiry based teaching." Educedidsychologis#1: 75-86.

Kirton, M. (1989)._Adaptors and innovators: Stytesactivity and problem solvind ondon,
Routledge.

Klahr, D., & Dunbar, K. (1988). "Dual space seardiring scientific reasoning.”" cognitive
Sciencel2: 1-48.

Koehler, M. S. (1990). Classrooms, Teachers, andd&e Differences in Mathematics.
Mathematics and GenddE. L. Fennema, G. London, Teachers Collede.

Korchin, S. J. (1986). Field Dependence, Persgnalieory, and Clinical Research. In Bertini,
M. L. P. W., Seymour (1986). Field Dependence irycRslogical Theory Research and
Application: Two Symposia in Memory of Herman A. 8. Ed. Hillsdale, Lawrence
Erlbaum Associates.

Kothandapani, V. (1971). "Validation of feeling,lie§ and intention to act

as three components of attitude and their coniobub prediction of contraceptive

Behavior.” Journal of Personality and Social Psiain19: 321-333.

Krantz, S. (1993)._How to teach mathematid®rovidence, Rhode Island, American
Mathematics Society.

Krech, D. (1960). Cognitive, Affective and Behavi@auComponents of Attitudes, in Halloran,
J.D. (1967), Attitude formation and Change, Leieesiniversity Press.

Krogh, L. B., & Thomson, P. V. (2005). "Studyingidénts' attitudes towards science from a
cultural perspective but with quantitative methaggt border crossing into the physics
classroom." International Journal of science Edan&7(3): 281-302.

Krutetskii, V. A. (1976). The Psychology of Mathetma Abilities in schoolchildrenChicago,
University of Chicago Press. In Orton, A. (2004&akning Mathematics: Issues, Theory, and
Classroom Practicé.ondon, Continuum.

Lachter, J., Forster, K. I., & Ruthruff, K. I. (20D "Forty-five years after Broadbent (1958):
Still no identification without attention. In Woalk, A. (2007). _Educational Psycholagy
Pearson International Edition: Pearson."

Lampert, M. (1986). "Knowing, doing, and teachingltiplication.” Cognition and Instruction
3(4): 305-342.

Leahey, T., & Harries, R. (1997). Learning and ¢tign. In Eggen, P. & Kauuchak, D. (2007)
Educational Psychology: Windows on classroom. @h E

Leder, G. C. (1982). "Mathematics achievement aadl bf success.” Journal for Research in
Mathematics Educatioh3(2): 124-135.

Lee, K. M., & Kang, S. Y. (2002). "Arithmetic opei@n and working memory: differential
suppression in dual tasks." Cogniti®3(3): B63-68.

25¢€



Chapter 12

Lefevre, J., & Morris, J. (1999). "More on the teda between division and multiplication in
simple arithmetic: Evidence for mediation of diwisisolutions via multiplication.” Memory &
cognition27: 803-812.

Lemaire, P., & Siegler, R. S. (1995). "Four aspeat strategic change: contributions to
children’s learning of multiplication.” Journal &xperimental Psychology, Geneti?4 83-
97.

lemaire, P., Abdi, H., & Fayol, M. (1996). "The eobf working memory resources in simple
cognitive arithmetic." European Journal of CogmtRsychology: 73-103.

Levy, B. A. (1971). "The role of articulation in @itory and visual short-term memory."
Journal of Verbal Learning and Verbal Behavi@0r 123-132. In Logie, R. H. (1995). Visuo-
spatial working MemoryHove, Lawrence Erlbaum Associates.

Levy, B. A. (1975). "Vocalization and suppressidfe@s in sentence memory." Journal of
Verbal Learning and Verbal Behavici4: 304-316.

Likert, R. (1932). "A technique for the measuremafattitudes." Archives of PsychologyO
5-53.

Logie, R. H. (1995). Visuo-spatial working MemoHove, Lawrence Erlbaum Associates.
Logie, R. H., & Baddeley, A. D. (1987). "Cognitiyerocesses in counting." Journal of
Experiment Psychology: Learning, Memory and Cognifi3: 310-326.

Logie, R. H., Gilhooly, K. J., & Wynn, V. (1994)Cbunting on working memory n arithmetic
problem solving." Memory & cognitio#2: 395-410.

Lorsbach, T. C., Wilson, S., & Reimer, J. F. (1998emory for relevant and irrelevant
information: Evidence for deficient inhibitory pregses in language/ learning disables
children." Contemporary Educational Psychol@3{447-466).

Luk, S. C. (1998). "The relationship between cageitstyle and academic achievement."
British Journal of Educational Psycholog¥(2): 137-147.

Macnab, D. S., & Cummine, J. A. (1986). Teachinghanatics 11-16: A difficulty-centered
approachOxford, Blackwell.

Maghsudi, M. (2007). "The Interaction between Fi@dpendent / Independent Learning
Styles and Learners’ Linguality in Third Languagegéisition.” Language in Indid 1-16.
Mancy, R. (2007). Explicit and implicit learnindig case of computer programming. Science
Education CentreGlasgow University.

Martinez, A. (2006). Negative math: How mathemdtrates can be positively berferinceton
and Oxford, Princeton university press.

Martinez, J. G. R., & Martinez N.C. (1996). Maththwut fear Needham Heights, MA: Allan
and Bacon.

Matthews, M. R. (1993). "Constructive and sciencducation: Some epistemological
problems." Journal of Science Education and Teaduy#(1): 359-370.

Matthews, M. R. (1998). Constructivism and scieadacation Dordrecht, Kluwer.

May, D., & Kundert, D. (1997). "School Readinesad®ices and Children At-Risk: Examining
the Issues.” Psychology in the SchoB8K2): 73-84. In Berk, L. E. (2001). Development
through the LifesparBoston, Allyn & Bacon.

Maybery, M. T., & Do, N. (2003). "Relationships tvelen facets of working memory and
performance on a curriculum-based mathematics itesthildren.” Educational and Child
Psychology0: 77-92.

Mayer, M. R., & Koehler, M.S. (1990). Internal laéinces on Gender Differences in
Mathematics. Mathematics and GenderL. Fennema, G. London, Collede.

Mayer, R. (1997). "Multimedia learning: Are we askithe write question?" Educational
Psychology32(1): 1-19. In Eggen, P., & Kauuchak, D. (2007). &ational Psychology:
Windows on classroonSA, Upper Saddle River, N.J.: Pearson Merrillidce Hall.




Chapter 12

Mayer, R. (1998). "Cognitive, met cognitive, andtivational aspects of problem solving. In
Eggen, P., & Kauuchak, D. (2007). Educational Pelarfy: Windows on classroontJSA,
Upper Saddle River, N.J.: Pearson Merrill Prented."

Mayringer, H., & Wimmer, H. (2000). "Pesudonamerihiiag by German-speaking children
with dyslexia: Evidence for a phonological learnidgficit." Journal of Experiment Child
Psychology 75: 116-133. In Pickering, S. J. (2006). Working Megnand Education.
Amsterdam, Academic Press.

Mazzocco, M., Bhatia, N. S., & Lesniak-Karpiak, R006). "Visuospatial skills and their
association with Math performance in girls with ite X or Turner Syndrome.” Child

Neurophysiologyl 2: 87-110.
McGuire, W. J. (1985). "Attitudes and attitude oheari Advances in Experimental Social

Psychologyi6: 1-47.

Mclean, J., & Hitch, G. J. (1999). "Working Memolmpairments in Children with Specific
arithmetic learning difficulties.” Journal of Expreient Child Psychology4: 240-260.

Mcleod, D. B., & Adams, V. M. (1979). "The Interant of Field Independence with
Discovery learning in Mathematics." Journal of Expent Educatiod8(1): 32-35.

Mcleod, D. B., Carpenter, T. P., McCornack, R.& Skvarcius, R. (1978). "The Interaction of
field independence and Instructional Treatment immidration Systems." Journal for Research
in Mathematics Educatiof 163-174.

MeKenna, F. P. (1984). "Measure of field-dependecognitive style or cognitive ability?"
Journal of Sociology and Social Psycholdgy 593-603.

Messick, S. (1970). The criterion problem in thaleation of instruction:

Assessing possible, not just intended, outcomeg &Valuation of instruction: Issues and
problem s . : Holt,M. C. Wittrock, & Wiley, D. New York, Rinehart, &/inston: 183-220.
Messick, S. (1993). Foundations of validity: Meaniand consequences in psychological
assessment. Educational Testing Seritmy Jersey, Princeton.

Middleton, J. (1999). "Curricular influences on thmtivational beliefs and practice of two
middle school mathematics teachers: A follow-upidg." Journal for Research in
Mathematics EducatioB0(3): 349-358.

Millar, R. (1989). "Constructive criticisms." Intgational Journal of Science Educatibif
587-596.

Miller, G. D. (1956). "The magical nhumber sevensplr minus two: some limits on our
capacity for processing information.” PsychologiRaview63: 81-97.

Miller, P. H. (1993)._Theories of developmental gsylogy New York, W.H. Freeman and
Company.

Mitchelmore, M. C. (1975, May). Cross-cultural resgh on concepts of space and geometry
Paper presented at the Research Workshop on Spa¢zemmetry, Georgia.

Miyake, A., Friedman, N. P., Rettinger, D. A., Sh&h, & Hegarty, M. (2001). "How are
visuospatial working memory, executive functionirggyd spatial abilities related? A latent-
variable analysis." Journal of Experimental Psyohgi 130 621-640.

Muijs, D. (2004). Doing quantitative research iueation with SPSS ondon, Sage.

Murray, D. (1965). "Vocalization-at-presentationittwvarying presentation rates.” Quarterly
Journal of Experimental Psychology: 47-56. In Logie, R. H. (1995). Visuo-spatial wiordx
Memory Hove, Lawrence Erlbaum Associates.

Murray, D. (1968). "Articulation and acoustic cosdbility in short-term memory." Journal of
Experimental Psychologg8: 679-684. In Logie, R. H. (1995). Visuo-spatialrking Memory
Hove, Lawrence Erlbaum Associates.

National Council of Teachers of Mathematics (19&)rriculum and evaluation standards for
school mathematicfkeston, VA: Author.

25€



Chapter 12

Neale, D. C., Gill, N., & Tismer, W. (1970). "Ralaships between attitudes toward school
subjects and school achievement." Journal of EdheatResearch?32-237.

Neisser, U. (1967)._Cognitive PsychologiNew York, Applicatio-Century-Crofts. In
Goodenough, D. R. (1976). "The role of individudfatences in field dependence as a factor
in learning and memory." Psychological Bulleg® 675-694.

Noss, R., & Hoyles, C. (1996). Windows on mathegahtimeaning London, Kluwer
Academic.

Novak, D. J. (1978). "An alternative to Piagetiasyghology for science and mathematics
education.” Studies in Science Educationi-30.

Oltman, P. K. (1980). Psychological Differentiatidineory in Social and Cross-Cultural
Psychology. In Bertini, M. L. P. W., Seymour (1986jeld Dependence in Psychological
Theory Research and Application: Two Symposia inmdey of Herman A. Witkin. Ed.
Hillsdale, Lawrence Erlbaum Associates.

Oltman, P. K., Goodenough, D.R., Witkin, H.A., Fie®an, N., & Friedman, F. (1975).
"Psychological differentiation as a factor in catflresolution.”_Journal of Personality and
Social Psycholog$2 730 - 736.

Oppenheim, A. N. (1992). Questionnaire design,ruitsv and attitude measuremehbndon

& New York, Continuum.

Oraif, F. A. (2007). An Exploration of confidencelated to formal learning in Saudi Arabia.
Science Education Cenfrélasgow University.

Orton, A. (1983). "Students' understanding of ddfeiation. In Orton, A. (2004). Learning
Mathematics: Issues, Theory, and Classroom Pradtam&lon, Continuum."

Orton, A. (1992)._Learning Mathematics, Issues, ditieand Classroom Practiceondon,
Cassell.

Orton, A. (2004)._Learning Mathematics: Issues, offifeand Classroom Practickondon,
Continuum.

Orton, A., & Wain, G., (1994). Issues in TeachingthematicsLondon, Cassell.

Osborne, J. (1996). "Beyond constructivism." SaeeBducatior80(1): 53-82.

Osgood, C. E. (1952). "The nature and measureniemeaning.” Psychology Bulleti#9(3):
197-237.

Osgood, C. E., Suci, G. J., & Tannembaum, P.H. {L9%he measurement of meaning
Urbana, University of lllionois Press.

Osgood, C. E., Suci, G. J., & Tannenbaum, P. H69L9The measurement of meaning.
Semantic differential techniqué. G. Snider, & Osgood, C. E.,. Chicago, Aldi5é-82.

Ostad, S. A. (1997). "Developmental differencesanfdition strategies: a comparison of
mathematically disabled and mathematically nornméldcen.” British Journal of Educational
Psychology67: 345-357.

Ostrom, T. M. (1969). "The relationship between #féective, behavioral, and cognitive
components of attitude." Journal of Experimentati&ld®sychology: 12-30.

Pallant, J. (2005). SPSS survival manual: a steptéyy guide to data analysis using SPSS for
Windows (version 12)Maidenhead, Open University Press.

Papert, S. (1980). MindstormBrighton, the Harvester Press.

Pascual-Leone, J. (1970). "A mathematical model floe transition rule in Piaget's
developmental stages." Acta Psycholod2a301-345.

Pascual-Leone, J. (1976). "Metasubjective problesfisconstructive cognition: forms of
knowing and their psychological mechanisms." Casraéisychological Reviet7: 110-25.
Pascual-Leone, J., & Smith, J. (1969). "The enapaind decoding of symbols by children: A
new experimental paradigm and a NeoPiagetian nmlodelurnal of Experimental Child

Psychology8: 328-355.




Chapter 12

Pashler, H., & Carrier, M (1996). Structures, Psses, and the flow of information. In Eggen,
P. & Kauuchak, D. (2007) Educational Psychologyn#éws on classroom. 7th Ed.
Passolunghi, M. C., & Siegel, L. S. (2001). "Shertm memory, working memory and
inhibitory control in children with difficulties inarithmetic problem solving." Journal of
Experimental Child Psycholo@0: 44-57.

Pedro, J. D., Wolleat, P., Fennema, E., & Becker,(¥81). "Election of high school
Mathematics by Females and Males: Attributions attitudes.”" American Educational
Research Journal3: 207-218.

Phillips, D. C. (1995). "The good, the bad, and tigéy: The many faces of constructivism."
Educational Resear@¥(7): 5-12.

Piaget, J. (1972). Psychology and Epistemology: ard& a theory of knowledge.
Harmondsworth, Penguin.

Pickering, S. J., Ed. (2006). Working Memory andigation.Amsterdam, Academic Press.
Pickering, S. J., Gathercole, S. E., & Peaker, J1BO8). "Verbal and visuo-spatial short-term
memory in children: Evidence for common and digtimechanisms.” Memory & Cognition
26:1117-1130.

Pickering, S. J., Gathercole, S.E., Hall, M., &ydo S.A. (2001). "Development of memory
for pattern and path: Further evidence for thetioaation of visual and spatial short-term
memory." Quarterly Journal of Experimental Psychglb4A: 397-420.

Pierce, J. W. (1980). "Field independence and imagssisted prose recall of children."
Journal of Educational Psychologg 200-203.

Pongboriboon, Y. (1993). Variables Influencing tathematics Performance of First-Year
Tertiary Students: A case study. Education Fac@ielong, Deakin University.

Pressley, M., Harris, K., & Marks, M. (1992). "Bgbod strategy users are constructivists!"
Education Psychology Reviedv 3-31.

Ramsden, J. (1998). "Mission impossible?: can angthe done about attitudes and science?"
International Journal of Science Educatifi?): 125-137.

Rayner, S., & Riding, R. (1997). "Towards a catéggdron of cognitive styles and learning
style." Educational Psycholody: 5-28.

Reid, N. (1978). "Simulation and games in the teagif chemistry.” Perspective in
Academic Gaming and Simulatiofis?: 92-97.

Reid, N. (1980). "Simulation techniques in secogdatucation: affective outcomes."
Simulation and Gamekl(1): 107-120.

Reid, N. (1990). "Towards an application-led curhign.” Staff and Education Development
International3(1): 71-84.

Reid, N. (2003). Getting started in pedagogica¢aesh in the Physical Sciencémiversity of
Leeds, LTSN Physical Science Centre.

Reid, N. (2006). "Thoughts on attitude measure&gsearch in Science & Technological
Education?4(1): 3-27.

Reid, N., & Serumola, L. (2006). "Scientific EnquiThe nature and place of experimentation:
A review." Journal of Science Educati@fl): 5-9.

Reid, N., & Serumola, L. (2006b). "Scientific EnguiThe nature and place of
experimentation: Part 2." Journal of Science Edanat(2): 88-94.

Reid, N., & Skryabina, E. (2002a). "Attitudes todsphysics." Research in Science &
Technological Educatiop0(1): 67-81.

Reid, N., & Skryabina, E. (2002b). "Gender and Risy5 International Journal of Science
Education?5(4): 509-536.

Reid, N., & Yang, M. J. (2002b). "Open-ended prabkolving in school Chemistry: A
preliminary Investigation.” International Journ&lSrience Educatiop4(12): 1313-1332.

26C



Chapter 12

Reid, P. A. (2002). Prablem solving by primary sahohildren with particular reference to
dyslexics. Glasgow, Scotland, University of Glasgow

Reid, N. (2008). "A scientific approach to the teag of chemistry.”" Chemistry Education
Research and Practi®él): 51-59.

Reisberg, D. (1997). Cognition. Exploring the Sciewnf the Mind New York, Norton.
Reuhkala, M. (2001). "Mathematical Skills in nirghades: Relationship with visuo-spatial
abilities and working memory." Educational Psyclyyi@1: 387-399.

Reyes, L. H. (1984). "Affective Variables and Matiatics Education.” Elementary School
Journall8(2): 207-218.

Riding, R. (2002). School Learning and Cognitivgl&tl ondon, David Fulton Publishers.
Riding, R., & Cheema, I. (1991). "Cognitive Stylesn overview and integration." Educational
Psychologyl1: 193-215.

Riding, R., & Pearson, F. (1994). "The relationsbgiween cognitive style and intelligence."
Educational Psychologi#: 413-25.

Riding, R., & Rayner, S. (1998). Cognitive Stylesdal earning Strategies. Understanding
Style Differences in learning and Behaviouondon, David Fulton Publishers.

Russell, B. A. W. (1921). Mysticism and Logic: All@and Unwin. In Orton, A., and Wain, G.,
(1994), Issues in Teaching Mathematics, Londonsélas

Russell, J., Jerrold, C., & Henry, L. (1996). "Wioik memory in children with autism and
with moderate learning difficulties." Journal ofildiPsychology and PsychiatBy: 673-686.
Russell, S. (1983). "Factors influencing the chatadvance level mathematics by boys and
girls. In Orton, A. (2004). Learning Mathematicssuies, Theory, and Classroom Practice
London, Continuum."

Salame, P., & Baddeley, A. D. (1982). "Disruptioh short-term memory by unattended
speech: Implications for structure of working megnbdournal of Verbal Learning and Verbal
Behaviour21: 107-122.

Schneider, W., & Shiffrin, R. (1977). "Controlledndh automatic human information
processing: Detection, search, and attention." iRdggical Review84: 1-66. In Eggen, P., &
Kauuchak, D. (2007). Educational Psychology: Windam classroomUSA, Upper Saddle
River, N.J.: Pearson Merrill Prentice Hall.

Schonberger, A. K. (1976). "The interrelationship sex, visaul-sptial abilities, and
mathematical problem-solving ability in grade seVen Fennema, E., & Leder, G. (1990).
Mathematics and Gender. London, Teachers Collede.

Seitz, K., & Schumann-Hengsteler, R. (2000). "Méntaltiplication and working memory."
European Journal of Cognitive Psycholddgy 552-570.

Seitz, K., & Schumann-Hengsteler, R. (2002). "Phogical loop and central executive
processes in mental addition and multiplicatiorsydéhological Beitragej4: 275-302.

Shah, I. (2004). Making university laboratory wankchemistry more effective, University of
Glasgow.

Sharples, D. (1969). "Attitudes to Junior Schoottiities." British Journal of Educational
Psychologys9: 72-77.

Shaw, M., & Wright (1967). Scale for the measurenwdrattitudes New York, McGraw-Hill.
Sherman, J. (1982). "Continuing in mathematicorgitudinal study of the attitudes of high
school girls." Psychology of Women Quarter(): 132-140.

Sherman, J., & Fennema, E. (1977). "The study dhemaatics by girls and boys: related
variables."” American Educational Research Jout#al59-168.

Siegel, L. S., & Ryan, E. B. (1989). "The Developmef Working Memory in Normally
Achieving and Subtypes of Learning Disabled Chitdt&hild Developmen60(4): 973-980.
Siegel, L. S., & Linder, B. A (1984). "Short-termemory in children with reading and learning
disabilities."_Development Psycholog®: 200-207.

261



Chapter 12

Siegler, R. S. (1998). Children are thinkitdpper Saddle River, Prentice Hall.

Singh, K., Granville, M., & Dika, S. (2002). "Matimatics and science achievement: effects of
motivation, interest, and academic engagement.fndbwf Educational Resear@3(6): 323-
332.

Skemp, R. (1989). Mathematics in the Primary Schomhdon, Routledge.

Skinner, B. F. (1938). The behavior of organishew York, Appleton-Century-Crofts.

Slavin, R. E. (2006). Educational Psychology: Themnd PracticeBoston, Pearson/Allyn &
Bacon.

Smith, 1. M. (1964). Spatial ability: Its educatadrand social significancéondon, University
of London. In Orton, A. (2004). Learning Mathematidssues, Theory, and Classroom
Practice London, Continuum.

Smith, P. K., Cowie, H., & Blades, M. (1998). Unskanding children's developmexford,
Bluchwell Publishers.

Solomon, I. (1994). "Analogical Transfer and Fuoec#l Fixedness" in the Science
Classroom." Journal of Educational Rese&d(6): 371-377.

Solso, R. L. (2001). Cognitive Psycholodaston, Allyn & Bacon.

Spearman, C. (1910). "Correlation calculated wahltly data.” British Journal of Psychology
3: 271-295.

Specht, L. B., & Sandling, P.K. (1991). "The diH#fatial effects of experiential learning
activities and traditional lecture classes in aotiog." Simulation and Gamés 196-210.
Squire, L. R. (1993). The organization of declamatand nondeclarative. In Ashcraft, M, H.
(2006). Cognition (4th Ed.). Upper Saddle River; Rientice-Hall. Memory

Steen, I. A, Ed. (1990). On the shoulder of Giantdlew Approaches to Numeracy
Washington, National Academy Press.

Stevens, S. S. (1951). Mathematics, measuremeahipsythology. Handbook of experimental
psychology S. S. Stevens. New York, Wile$-49.

Suchting, W. A. (1992). "Constructivism deconsteatct Science and Educatid(5): 563-
573.

Sutherland, P. (1992). Cognitive development tod@iaget and his criticsLondon, Paul
Chapman Publishing Ltd.

Suydam, M. N., & Weaver, J. F. (1977). "ResearchPoablem-solving: Implications for
elementary school classrooms.” The Arithmetic Tea@%(2): 40-42. In Orton, A. (2004).
Learning Mathematics: Issues, Theory, and Classi®mutice London, Continuum.

Swanson, H. L. (1993). "Working memory in learnidgsability subgroups.” Journal of
Experimental Child Psycholody6: 87-114.

Swanson, H. L. (1994). "Short-term memory and wagkmemory -Do both contribute to our
understanding of academic achievement in childmeth adults with learning disabilities?"
Journal of learning disabiliti€a?: 34-50.

Swanson, H. L. (1999). "Reading comprehension aatking memory in learning disabled
readers: Is the phonological loop more importarsntlthe executive system?" Journal of
Experiment Child Psychologg?: 1-31.

Swanson, H. L., Ashbaker, M. H., & Lee, C. (199&)earning disabilities readers working
memory as a function of processing demands." Jbofriaxperimental Child Psycholodia:
242-275.

Sweller, J., van Merrienboer, J., & Paas, F. G98)9"Cognitive architecture and instructional
design. Educational Psychology Architecture andtrucsional design.” _Educational
Psychology Revievt0: 251-296.

Taylor, L. (1990)._American Female and Male Univtgr®rofessors’ Mathematical Attitudes
and Life Histories, in Burton, L. (1990), Gendedaviathematics, Cassell, London.




Chapter 12

Thompson, J., & Soyibo, K. (2002). "Effects of lanet, teacher demonstrations, discussion and
practical work on 10th graders' attitudes to chémisand understanding of electrolysis.”
Research in Science and Technological Educai¢h): 25-37.

Thorndike, E. (1922). The Psychology of Arithmefitew York, Macmillan.

Thurstone, L. L. (1928). "Attitudes can be measutreinerican Journal of Psychology
33(529-554).

Tinajero, C., & Paramo, M. F. (1997). "Field depence-independence and academic
achievement: A re-examination of their relationshi@ritish Journal of Educational
Psychology67(2): 199-212.

Towse, J. N., & Houston-Price, C. M. (2001). "Conibg representations in working memory:
A brief report.” British Journal of Developmentadyehologyl9: 319-324.

Trbovich, P. L., & LeFevre, J. (2003). "Phonologiesmd visuo-spatial working memory in
mental addition.” Memory and Cogniti&i: 738-745.

Tulving, E. (1993). "What is episodic memory?" Cantr Directions in Psychological Science
2: 67-70.

Tulving, E., & Thompson, D. M. (1973). "Encoding esjficity and retrieval process in
episodic memory." Psychological Revié@ 352-373.

Usama, M. (2002). The Relationship between giftedneognitive styles, problem solving and
self-regulated learning, The University of Birmirgh.

Vaidya, S., & Chansky, N. (1980). "Cognitive deyateent and cognitive style as factors in
mathematics achievement." Journal of Educationattitdogy72: 326-330.

Volet, S. E. (1997). "Cognitive and affective vatigs in academic learning: the significance of
direction and effort in students' goals." Learnémgl Instructiory: 235-254.

Vygotsky, L. S. (1978). Mind in Societ€ambridge, MA: Harvard University Press.
Vygotsky, L. S. (1986). Thought and LanguaGambridge, MA: The MIT Press.

Wertheimer, M. (1912). "Experimentelle Studien Ubles Sehen Bewegung." Zeitschrift fur
Psychologies1(247-250. http://psychclassics.yorku. ca/Koffka/Retmon/intro.htm).
Wertheimer, M. (1961). Productive Thinkingondon, Tavistock Publications.

White, J. L., Moffitt, T. E. & Silva, P.A. (1992)Neuropsychological and socio-emotional
correlates of specific arithmetic disability." Argbas of Clinical Neuropsychology: 1-16. In
Holmes, J., & Adams, J.W (2006). "Working Memoryda@hildren’s Mathematics Skills:
Implications for mathematical development and maidiecs curricula.” _Educational
Psychology26(3): 339-366.

Whitfield, R. (1971)._Disciplines of curriculum i@risis’ McGraw-Hill, University Lecture in
Education.London, Department of Education, University of Gaitge.

Witkin, H. A. (1948)._The effect of training and stiructural aids on performance in three tests
of space orientation. In Witkin, H. A., Dyk, R. Braterson, H. F., Goodenough, D. R., and
Karp, S. A. (1974). Psychological differentiatioBiudies of development. New York,
Lawrence Erlbaum Associates Inc.

Witkin, H. A. (1976). Cognitive style in academierformance and in teacher-student
relations. Individuality in learningS. Messick. San Francisco, Jossey-Bass.

Witkin, H. A. (1978)._Cognitive styles in persoreahd cultural adaptationNVorcester, MA:
Clark University Press.

Witkin, H. A., & Goodenough, D.R. (1981). Cognitivetyles: Essence and origins
Psychological IssuefNew York, International Universities Press.

Witkin, H. A., Dyk, R. B., Faterson, H. F., Goodeigh, D. R., & Karp, S. A. (1962).
Psychological differentiatiorNew York, Wiley.

Witkin, H. A., Dyk, R. B., Faterson, H. F., Goodewgh, D. R., & Karp, S. A. (1974).
Psychological differentiation. Studies of develommeNew York, Lawrence Erlbaum
Associates Inc.

268



Chapter 12

Witkin, H. A., Goodenough, D.R., Moore, C.A., & CoR.W. (1977). "Field-Dependent and
Field-Independent cognitive styles and their edooat Implications." Review of Educational
Researcl7(1): 1-64.

Witkin, H. A., Oltman, P.K., Raskin, E., & Karp,A(1971). Embedded figures test, children's
embedded figures test, group embedded figures Matiual Palo Alto, CA, Consulting
Psychologists Press.

Woolfolk, A. (2007)._Educational Psycholgdgyearson International Edition: Pearson.

Yang, M. J. (2000). Problem solving in chemistrySecondary School. Science education
Glasgow University.

Yin, R. K. (1984). Case study research: Designraathods Beverly Hills, CA: Sage.
Zimmerman, B. Z., & Schunk, D.H (2003). "Educatibriasychology: A Century of
Contributions." 189-205.

Website:
http://en.wikipedia.org/wiki/Set_theory.
www. mathleague.com/help/posandneg/posandneg.htm.
www.moe.edu.kw.
www. simplypsychology.pwp.blueyonder.co.uk.

264



Appendices

Appendices A: The Digit Backwards Test

Appendices B: The Group Embedded Figure Test

Appendices C: Mathematics Tests

Appendices D: Questionnaire

Appendices E: Interviews Matrix

Appendices F:Statistical Analysis



Appendix A

Digit Backwards Test
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(4) Here are the numbers used in this work:

5 8 2

6 9 4

6 4 3 9

7 2 8 6

4 2 7 3 1

7 5 8 3 6

6 1 9 4 7 3

3 9 2 4 8 7

5 9 1 7 4 2 8

4 1 7 9 3 8 6

5 9 1 9 2 6 4 7

3 8 2 9 5 1 7 4

2 7 5 8 6 2 5 8 4
7 1 3 9 4 2 5 6 8

(5) When this is finished, allow a short break #meh....

You now give a second set of instructions.

“Now | am going to give you another set of numbdrowever, there is an added complication!
When | have finished saying the numbers, | want tgowrite them down imeverseorder.

For example, if | say “7, 1, 9”, you write it dovas “9, 1, 7”.

Now, no cheating!! You must not write the numbaosvn backwards.

You listen carefully, turn the numbers round iybead and then write them down normally.
Have you got this? Let’s begin.”

(6) Here are the numbers:

D PW Ok, WO

N © OO NOT OF AW P~ OIDN
N DA NFE DWW RO ON PN O
N NO O 0
2]

o W WN hO ON ON O01©
N OO 0ok~ ~AOO 00O

A-267
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Student Answer Sheet

o2 1 (o T |

[ = T3

Write the numbers in the boxes below

Digit Backwards Tests

A-268
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The Group Embedded Figure Test

B-1



Appendix B

Notes

l. The field dependency tests were presented to papiésbooklet.
Il. The answers to the Shapes are included, beginmipgge appendix. B-17.

SHAPES

Shape recognition within complex patterns

This is a test of your ability to recognize simBlHAPES, and to pick out and trace HIDDEN SHAPES
within complex patterns. The results will not atfgour course assessment in any way.

B-2
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YOU ARE ALLOWED ONLY 20 MINUTES TO ANSWER ALL THETEMS.
TRY TO ANSWER EVERY ITEM, BUT DON'T WORRY IF YOU CN'T.
DO AS MUCH AS YOU CAN IN THE TIME ALLOWED.

DON'T SPEND TOO MUCH TIME ON ANY ONE ITEM

DO NOT START UNTIL YOU ARE TOLD TO DO SO

LOOKING FOR HIDDEN SHAPES

A simple geometric figure can be ‘hidden’ by embkeddt in a complex pattern of lines. For example,
the simple L-shaped figure on the left has beedémdn the pattern of lines on the right. Can yuk p

it out?

Using a pen, trace round the outline of the L- sllafigure to mark the position.

The same L-shaped figure is also hidden withinrtioee complex pattern below. It is the same size,
the same shape and faces in the same directiomes vappears alone. Mark its position by tracing

round its outline using a pen.

B-3
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(To check your answers, see page 14)

More problems of this type appear on the followpages. In each case, you are required to find a
simple shape ‘hidden’ within a complex patterniokf, and then, using a pen, to record the shape’s
position by tracing its outline.

There are TWO patterns on each page. Below eatbripahere is a code letter (A, or B, or C etc.) to
identify which shape is hidden in that pattern.

In the last page of this booklet, you will see #ie shapes you have to find, along with their
corresponding code letters. Keep this page opeunedntil you have finished all the problems.

Note these points:

1. You can refer to the page of simple shapes as oftas necessary.

2. When it appears within a complex pattern, the requied shape is always:
the same size,
has the same proportion,
and faces in the same direction as when it appeaatone

3. Within each pattern, the shape you have to find apgars only once.

B-4
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4. Trace the required shape and only that shape for € problem.

5. Do the problems in order — don’t skip one unless yoare absolutely stuck.

START NOW

< \,

<v

S

AN £

N/

Find shape B

/|
N
A\ANNAN

Find shape D

—
Ao/
Y

B-5
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AN /S A

Find shape E

Find shape H

/AR VAR BN

?//\




Find shape F

Find shape A

Appendix B
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Find shape D

Find shape G

B-9
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Yo

/S X SN/

JAVAN/
N AN/

[/ K NN

/

IV

/

Find shape C

Find shape B
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Find shape G

Find shape H

B-11




A

Find shape B

Appendix B
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Find shape D

Find shape A

B-13
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Find shape E

XX
X<

Find shape F
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The shapes you have to find

RN
7
B

.
-

Appendix B

N—7

C

B-15
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ANSWERS TO SHAPES
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N

AN

N

)4
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Find SHAPE F
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Find SHAPE A
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Find SHAPE D

Find SHAPE G

B-21




Appe

JAVANV/
S ANT

[/ NN
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Find SHAPE G

Find SHAPE H

B-23




Y

AT

<

™

/

Find SHAPE C
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Find SHAPE B
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Find SHAPE D

Find SHAPE A
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Mathematics Tests
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2 3
Science Education Center

Cl3sS;- Grade-Eight Test(1)

Find th luti . . .
ind the solution Sara buys a jacket and skirt. the pncesZﬁ%KD

36 12= 1
175 KD respectively. How much she will pay for

them?

Calculate the area of the football patch

a+k

Find the solution of subtractioBx® - 5x +1 from x- 2x°* +4

The shape of water tank is right circular cylinder.
The radius of its bage- 7cm and its height = 10cm.

Calculate the lateral surface area and the wateammif we going to fill this tankp = 272

a) Lateral surface area= Ahe volume=

C-2
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Solve for x:
x*-5=11 4x- 3=29

Find the solution:

-3.
7

[:B0)S)

The fare charged for traveling by taxi is showneher

1) How much does it cost to trav2miles by taxi? | 1 4 1 Fare

2) Ali has to traveB miles from the cinema to his home Has his momayugh to pay
his taxi fare from the cinema to his hore’ 3

Your bank account holds 20 KD. You enter your de@dind debits with + and - sign
respectively. What do you own after writing dowe @ntries +2,7 KD, -7,3 KD, - 7 KD,
1,3 KD?

to

C-3
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Huda has decided to make a calendar.
She is going to stick a photograph onto a piecsaod and leave space

underneath for a calendar tab. $ 5

The piece of card is 10 inches high 10

The photograph ig’ inches high and the space at the tg
8

of an inches, as shown on the right. CALENDAR

What is the height of the space between the bodtopicturg /
and the end of the card?

What would be the smallest possible height, tonterest millimeter of this container so that
it can hold 330ml of juice?

C-4
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2 3
Science Education Center

Nage&rade Eight. Test (2)

The length of a line is 3.6 m, and we
want to divide it to several parts the 3 1_
length of each is 1.2m. How many 292 +17§ -
pieces we will get?

If the length of rectangle area is (a+5) cm, daadi¢ight is 2a calculate the area of this
rectangle.

3x% - 5x+1

- 2X2 + X+4

A company making various kinds of fruit juice dexsdo sell its product in 330 ml
quantities. After considering possible containbeyitdecide on metal in the shapght
circular cylinder.

a) Lateral surface area of the container = N

b) Check that the container can in fact hold 33@hjliice.

x2-5=11 4x- 3=29

C-5
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Find the following solution:

-3. 2
7 5

The fare charged for traveling by taxi is showneher 1.1.2 Fare

3) How much does it cost to trav2imiles by taxi?

4) Ali has to traveB miles from the cinema to his home, he has 3,950 his
many enough to pay his taxi fare from the cinemhaisdoe?

Your bank account holds 20 KD. You enter your dsedind debits with + and - sigr
respectively. What do you own after writing dowe #@ntries +2,7 KD, -7,3 KD, - 7 KD,
1,3 KD?

+ o

C-6
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Huda has decided to make a calendar.
She is going to stick a photograph onto a piecsaad and leg
underneath for a calendar tab.

CALENDAR

The piece of card is 10 inches high
The photograph ig / inches high and the space at the top is
8 8

5
of an inches, as shown on the right. $ 8
What is the height of the space at the bottom, shash in the
diagram? o7
8 10
What would be the smallest possible height, tangrerest millin h > radius
of its base r = 6 cm, so that it can hold 330njuafe?

Cc-7
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2 3

Grade Nine Test (1)

fu={a: al N, a<8}is auniversal set,and C ={1, 2, 6}, D ={2,48,1}

Find the elements of

U ={
CCD={ D(={
CED={ D-C=
Ce={ CecC=
Prove triangleabcis similar to triangleahd h
9cm 6 cm
a
o b \3 cm
d

12 cn

Find the image of the point (0, -3) under rotat®#h clockwise

(2.2 a.(1,2)
Draw the image of ab translation 2
3 units in the negative side of x- T
axis
5 -4 -3 2 1 10 2 3 4 5. 6

Dabc is right angle triangle in b.

C-8
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ac=10cm, bc= 6cm, ab =8 cm
ah=hc
ad=db
Find
hd=
hb=

The functiony = x+ 2describes the global warming, when average tertyresarise by

two degrees
Sketch the graph of the function

What is the length of the wire that is used tatfi@ antenn

4 cm

C-9
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Draw a shape the same as this but make all the sidee as long

Ali needs to replace fencing in his garden .;he
has taken measurments (shown) But thas =7
forgotten to measure the part of the fence marke Fence
x meters. The garden centre has only 28 metres
of fencing stock. Is this enough to completely Wall
replace the exsiting fence?

7m

Hint: seeing two tringle in adigram is
: often a sign of similar trinagle.

C-10
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2 3
Science Education Centre
Name:...................
CIaSS: .................... Grade Nine TeSt(Z)

IfU={a:al N, a<8}is auniversal set, and C={1, 2, 6}, D={2,48,1}
Find the elements of

U ={

CCD={ De={
CED={ D-C=
ce={ cecc=

abc is a triangle where ab= 2cm, ac= 4cm, bc= 3 cm.
ahd is another triangle where ah = 6cm, ad =12cm,%cm.
Prove triangleabcis similar to triangleahd

The diagram shows the monitor of the T
control unit in Kuwait airport, the
location @f an air plane in the monitor is / N\
in the point (0, -3) (shown in the diagram /
as , and the arrow shows the direction ( c
of the air plane )
The controller asks the fight captain to \

make a rotatior®9(® clockwise around \ ©3 /
the centre point (shown in the diagram as
C).

Calculate the location of the air plane in
the monitor after the rotation.

l\
\

w

Draw the image of ab translatio
3 units in the negative side of x-
axis

b (e > A1)

C-11
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Find c
hd: /
hb= ac=10cn
/ bc=6cm
X X
a d ab=8 cr b
Sketch the graph of the function
y=x+2
abcis a single right angle triangle a
ab=6 cm
bc=4cm
F'nij = dcm
ac= o
(o]
b ] c
4cm

Draw a shape the same as this but make all the sidee as long

C-12
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Ali needs to replace fencing in his garden . he has

taken measurments (shown) But has forgotten 10 Fence
measure the part of the fence maxkmeters. The

garden centre has only 28 metres of fencing stock. \wa~

Is this enough to completely replace the exsmng
fence?

X
7m

17 r

' Hint: seeing two tringle in adigram is ofter
- a sign of similar trinagle.

N

C-13




14.1 Grade Eight Test (1)

2

Mathematics Tests

Marks Distribution

3

Science Education Centre

Appendix C

Find the solution

36 12=
x10 x10 Yo
36 12=3 s

Total mark =1

Sara buys a jacket and skirt. the pricesza%KD

17% KD respectively. How much she will pay for

them?
§ + ; = § + g = § = ;
294 172 294 174 464 474
Ya Y, Ve Y

Total mark =1

Rectangle area = Length X Width%2
=(at+b) (2a) »
=Zar 10a
Yo Y2
Total mark : 2

Calculate the area of the football patch

Find the solution of subtractioBx® - 5x+ ftom x- 2x°* + 4

3x? - Bx+1

C-14
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Voo o _
- 2X2 + X+ 4

5x% - 6x- 3
L ) 3

Total mark = 2

The shape of water tank is right circular cylinder.
The radius of its bage= 7cm and its height = 10cm.

Calculate the lateral surface area and the wateamif we going to fill this tankp = 22
Lateral surface  9rpp  area= V =mr?h ¥
Yy =22/7 x (Hx 10 1
= 1540 cnt Y
=2 x22[7x7 x 1(
= 440 ém Total mark = 2
Y
Total mark = 2
Solve for x:
x>-5=11 4x- 3=29
=16 % 4 x=32 Y%
x=4 Y x=8 ¥
Total Mark = 1 Total Mark =1

Find the solution:

Yo
Y2

=3-2
7 5

&le
ollo

Total mark = 1

The fare charged for traveling by taxi is showneher

5) How much does it cost to trav&imiles by taxi? 1.1.3 Fare

1,500 + 600 + 600 = 2,700 KD
Ya Ya Ya Ya otdl mark = 1
6) Ali has to traveB miles from the cinema to his home Has his momeyigh to pay
his taxi fare from the cinema to his ho em e :

1.500 + 1.200 + 1.200 = 3.900 KD
Ya Ya Ya Ya Total mark=1

Your bank account holds 20 KD. You enter your de@ind debits with + and - sign
respectively. What do you own after writing dowe @ntries +2.7 KD, -7.3 KD, - 7 KD,

to

C-15
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1.3 KD?

20+ 2.7+ 1.3 =24 KDL

24-73-7=97KD1

Total mark = 2

Huda has decided to make a calendar.
She is going to stick a photograph onto a piecgaod and leave space underneath for a
calendar tab. The piece of card is 10 inches high

The photograph ig_’ inches high and the space at the top is
8 8

of an inches, as shown on the right.

What is the height of the space between the bottopicture
and the end of the card?

7,5 = 12 _ —-08 _ 24
10- 6L +2)= 10- 52 =10- 62 =9°8. £ =32
(8 8) 8 8 8 8 8

Yo Y Ya Ya Ya Ya CALENDAR
Total mark =2 n

10

/.

What would be the smallest possible height, tontgrest millimeter of this container so that
it can hold 330ml of juice?
V = nrih
330 =3.14 xBx h1
h=330/3.14 x 3&
h =0.08 cmv
Totla mark = 2

Name:.......covveven.n. 2 3
Science Education Centre

14.2 Grade Eight Test (2)

The length of a line is 3.6 m, and we
want to divide it to several parts the
length of each is 1.2m. How many | 593 4171 =293 1172 =465 =471

; ill get? 4 72 4 74 4 4
pieces we will get”

— Y2 Ya Ya
36 12= Total mark = 1
x10 x10 Yo
36 12=3 Y2

Total mark = 1

If the length of rectangle area is (a+5) cm, dadhe¢ight is 2a calculate the area of this

C-16
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rectangle.
Rectangle area = Length X Width%
= (a+b) (2a) %
=2& + 10a
Yo Y2

Total mark : 2

3% - 5x+1
2o _
- 2X2 + X+4

5x% - 6x- 3
s Yo Y
Total mark = 2

A company making various kinds of fruit juice dexsdo sell its product in 330 ml
quantities. After considering possible containbes/tdecide on metal in the shapght
circular cylinder.

a) Lateral surface area of the container = /\
Lateral surface  o.,;,  area= Yo o i7em
=2x3.14 %3 x1.
=220.428Ttm 7 '
Total mark = 2 @
b) Check that the container can in fact hold 33@hjliice.
V =mr’h ¥
=314 % (3x 10 1
=282.6 cm Y
Total mark =2
x?-5=11 4x- 3=29
x= 16 15 4x=32%
x =4 x=8 ¥
Total Mark =1 Total Mark =1

Find the following solution:

Yo

s
Total mark = 1

-3
7

aillno
8l
alo

C-17
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The fare charged for traveling by taxi is showneher 1.1.4 Fare

1) How much does it cost to trav2imiles by taxi?

1,500 + 600 + 600 = 2,700 KD
Ya Y Ya Ya otdlmark = 1

2) Ali has to traveB miles from the cinema to his home, he has 3,950/ his
many enough to pay his taxi fare from the cinemhaisdoe?

1.500 + 1.200 + 1.200 = 3.900 KD
Ya Ya Ya Ya Total mark=1

Your bank account holds 20 KD. You enter your deedind debits with + and - sigr
respectively. What do you own after writing dowe #&ntries +2,7 KD, -7,3 KD, - 7 KD,
1,3 KD?

+ O

20+ 2.7+ 1.3 =24 KDL

24-73-7=97KD1

Total mark = 2

Huda has decided to make a calendar.
She is going to stick a photograph onto a pieaeaad and led
underneath for a calendar tab.

CALENDAR

The piece of card is 10 inches high
The photograph ig / inches high and the space at the top is
8 8

<>
Pl

of an inches, as shown on the right.
What is the height of the space at the bottom, shash in the
diagram? 7

7.5\ = 12 _ _o08
10- b= +=)=10-5===10-6=-=9=-6
( 8 8) 8 8 8
Y Y Ya Ya Ya Ya
Total mark = 2

(o JFN
Il
w

(o] N
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What would be the smallest possible height, tongrerest millimetre of cylinder the radius
of its base r =6 cm, so that it can hold 330njuafe?
V = nrih
330=3.14x¥x h1
h=330/3.14 x 3&
h =0.08 cmv
Totla mark = 2

Name:.......ococeveen.. 2 3
Science Education Centre

Grade Nine Test (1)

IfU={ a:al N, a<8}is auniversal set,and C ={1, 2, 6}, D ={2,48,1}

Find the elements of
U={ 01234567} 1

c¢D={12} Ya «={0567 } »2
CED={12346} % -C :{34 } Ya
«={03457 } Ya ccC= Ya

Total mark= 3

Prove triangleabcis similar to triangleahd

hd_ha_da_9_6_12_3 9 cm 6cm

bc ab ac 3 2 41
Y YVa Ya Vo Yo Yy
abc € ahd

Ya a
cm b \3 cm
* € similar d

12 cn

Total mak =2

Find the image of the point (0, -3) under rotat#ffi clockwise

Total mark = 1

(2.2) a(1.2)

C-19
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Draw the image of ab translation
3 units in the negative side of x-
axis

1 for every point
Total mark =2

Dabc is right angle triangle in b.
ac=10cm, bc=6cm, ab =8 cm
ah=hc
ad=db
Find
hd= 3 cm (Theoryl)
hb= 5cm (Theory)

Total mark = 2

The functiony = x+ 2describes the global warming, when average teryresarise by

two degrees
Sketch the graph of the function

N

X Y (xy)

1 1] %(uw -
0 | 2| % (02 &

1 0 3| %(13

(%2) for every point sketched in the
graph. A student who sketched the graph withoutah&, he had the total mark.
Total mark =3

What is the length of the wire that is used tatfi@ antenna?

The length of the wire F/6° +4° 1
#6+16 1 6m
V52 1

Total mark = 3 2
cm

C-20
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Draw a shape the same as this but make all the sidee as long

Total mark =2

Ali needs to replace fencing in his garden .; he

has taken measurments (shown) But has
forgotten to measure the part of the fence marke Fence
x meters. The garden centre has only 28 metres =
of fencing stock. Is this enough to completely Wall P~
replace the exsiting fence? :
X=131 N -
oo 5 < 15m™ _
] 17 n

= % =6176 m1 g
The fencing of the garden= 17 + 7 + 6.176 int: seeing two tringle in adigram is
30.176 m often a sign of similar trinagle.

Vi Vs Yo
28 metters not enough :
Total mark = 4

Cc-21
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Grade Nine Test (2)

Appendix C

IfU={a:al N, a<8}is auniversal set, and C={1, 2, 6}, D={2,48,1}
Find the elements of
U={ 01234567} 1

c¢D={12} Ya Dc={0567 } ¥
CED={12346} ¥ D-Cc={34} ¥
c={ 03457 } Ya cec=f Y

Total mark= 3

abc is a triangle where ab= 2cm, ac= 4cm, bc= 3 cm.
ahd is another triangle where ah = 6cm, ad =12dmn,%hcm.
Prove triangleabcis similar to triangleahd

bc ab ac 3 2 4 1
Y YVa YVa Vo Yo Yy
abc€ahd * €similar

Ya Total mark =2
The diagram shows the monitor of the P —
control unit in Kuwait airport, the
location %f an air plane in the monitor is /
in the point (0, -3) (shown in the diagram /
as , and the arrow shows the direction ( c
of the air plane ) T
The controller asks the fight captain to
make a rotatior90° clockwise around \ .(0"3
the centre point (shown in the diagram as Sl
C).
Calculate the location of the air plane in
the monitor after the rotation.
Total mark =1
4
Draw the image of ab translation 3
3 gnits in the negative side of x- b D)
axis
1
1 for every point — — —

Total mark =2
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Find c
hd= 3 cm (Theoryl) /

hb= 5 cm (ThEOI’y) ac=10cn

/ bc=6cm
Total mark = 2
X X
a d ab=8 cr b
Sketch the graph of the function
y=x+2

X |y (xy)

-1 1| %(-1n)

0 2 | Y% (o2

1 3| %(13
(%2) for every point sketched in the graph.
A student who sketched the graph without the table,
he had the total mark.
Total mark =3
abcis a single right angle triangle a
ab=6 cm
bc=4cm
Find

dcm
ac==46"+4" 1 §
=436+16 1
_ 1
52 1 b c
4cm

Total mark = 3

C-23




Appendix C

Draw a shape the same as this but make all the sidee as long

Total mark = 2

Ali needs to replace fencing in his garden . he ihas
taken measurments (shown) But has forgotten to fFenga.........
measure the part of the fence maxkeeters. The

garden centre has only 28 metres of fencing stock. -
Is this enough to completely replace the exsntmg i N
fence? j
x5+ e kae!
77t 15
15" 7 _ §
X==1= 6176 m1 | 17 1r
The fencing of the garden= 17 + 7 + 6176
30.176 m Hlnt seeing two tringle in adigram is often

VLV VA v a sign of similar trinagle.

28 metters not enough
Total mark =4
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Questionnaires
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4 567
2 3

Centre of Science Education

NaME...ov i e Are you Male Female?

Most questions can be answered simply by putX) in the relevanbox (es) or by writing your answe

Strongly
(1) Tick the box which best represents your apisi
(Tick one box in each line)

(@) lusually understand mathematics ideaasil....... T R O O O O
(b) | [ || |
.............. R I OO | O
(d) Ithink 1 am good in MAtNEMALICS. .. ... ...ttt et e et e e O (| (| O (|
(e) You have to born with the right kind of braio be good in mathematic..........................% E E O E
() To be good in mathematics, you have to sp@ode time studying it................coevviiiiennnnis -
(g) 1think mathematics is USeful SUDJECT..............t it e e e (| (| (| O (|
(i) Ifind my mathematics knowledge usefukjiau'lyIife...................................................|:I O O [ O
[ O O O O
(2) Ilike mathematics because.............
. lam good in it ] | understand its logic . | haveand teacher
I do not need to study before the exam | have always liked it I think it helps me in my
life L] ]
]t will help me in my career ! always have high mark in it
(3) Do you think mathematics is important? O] YeS, BECAUSE .....ovviveiieiiiiiiieieee e
) NO, BECAUSE......vvnieeieiieeaie e
Here is a way to describe a racing car.
quick MOOOOLO slow The posmons.of the ticks between the word paisns
important (1 [ MOOO unimportant that you consider it as very quick, slightly more
safe (JJO M1 dangerous important than unimportant and quite dangerous.
(4) Use the same method to show your opinionaviel
Tickonebox on each line.
| am confident in mathematics classC_ ] [] [ [ [ [ I am not confident in mathematics classes
Mathematics is too abstract for LLL O s O e A R e R a Mathematics is too easyrfar
| am getting worse at mathematid_] [ [ [ [ [ | am getting better at mathematics
| feel | am coping well 0 | feel | am not coping well
Mathematics classes are bori Mathematics classes are interestin
Yooooo 9
(5) Tick your class preferences:
(The closest tick to the answer, the strongest prefences)

Arabic LanguageD O O O O O mathematics Fracions 1 O O O O O Geometry
Mathematics ] [ O O O [ Endlish Sets O OO O O[O Fractions
Mathematics ] [ O O [ [ Geography Algebra [ O O O O O Lirear Equatioy

D-
Science [T T I O O J ™athematics Geomety ] 0 L1 1 LI [ Sets

Agree  Neutral Disagree Strongly
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(6) Think aboutMathematicsas a subject

Abstract [ 1 [0 OJ O [ Not abstract
Difficult 1O I Easy
Unrelated to life [ O Uoo Related to life
Boing [ [J [J [J [J [J  Interesting
Not useful forcareers [ ] [ ] [ ] [ ] [] [ Useful for careers
Complicated O % mEnEnEn Straight forward
(7) Think about youMathematics classes
Always Often Sometimes Rarely Never

I do not understand what is taught.............ccoooeiiiii il O O O O O

| find doing mathematics problems repetitive................oueeeeees | | O | O

The explanations are not cIearD | | | O

I am not sure what t should be doing.............cooviiiiiiiiiiii .| O O O O

I find | make many mlstakesD O O O O

There is too much homeworkD O O O O
(8) Think about mathematitssts and examinations Always  Often Sometimes Rarel Never

I tend to panic with difficult problems...............ccoooiiiiiii e, O O O O O

They involve a lot of revision the day before.............cceceooiiiii, | | | | |

Ifind | am short of time..........cooiii i PRI (i E (i |

| often make mistakes............ccooviiiiininicin [ O O O

I cannot remember how to do things...........ccooviiii i (i (i (i (i |

There is little opportunity to explain things.............ceccuveveeiinininnnn. ‘. O O O (|
(9) Here are some reasamBy pupils should study Mathematics at school

A. ltis useful in daily life B. Theme anany jobs for mathematicians

C. ltisimportant for some other subject D. Itteaches mehimk logically

E. Mathematics can help solve world problems F. Itis important for mangurses at university

G. ltis a useful way to make sense of the world H. Itis very satisfying

Place these reasoimsorder, showing which is the most important for you

O O O O 0O O 0O

Most important Least important

(10) Here are some things which can help me immathematics studies

17.1 Tick thethree which are most helpful for you

Practising many mathematics exercises and @nabLintil | get them right;
Reading my textbook carefully;

Working with my friends until | understand titeas;

Seeking help from my parents;

Try to see things as pictures or diagrams;

0000

Following the methods taught by my teacher fcdlye

D-3
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Making sure | understand what | am doing.

[] Trying to find a method which always gives tight answer.

Thank you very much for your cooperation
How You See Mathematics
Grade Eight

YOUr NaM B i e e e Your Class:

(1)

(2)

3)

(4)

This survey wants to find out what you think ofrygiudies in mathematics.

Please be completely honest!!

| think the following methods will help me toderstand mathematics.....
Tick THREE boxes which you think are the most important.

Using a calculator.

Using a computer.

Have more mathematics lessons.

Using teaching aids such as models, picturesagrdms.
Using game based in mathematics classes.

Use mathematics to solve real-life problem.

Teach mathematics more slowly.

| think mathematics is important.
Tick THREE boxes which you think are the most important.

It is useful in daily life.

It is important for some other subjects.
Mathematics can help to solve world problems.
It is a useful way to make sense of the world .
There are many jobs for mathematicians.

It teaches me to think logically.

It is important for many courses at university.

Which of the following topics interest you?
Tickas manyas you wish

Solving equations Quadratic equations Volume
Elementary sets theory Fractions Analytic
geometry

Transformation geometry
When | have difficulty in studying mathemati¢ rely on .....
Tick THREE boxes which you think are the most important

D-4
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(6)

(7)

(8)

Appendix D

School textbook Out-of-school teacher Self-
teaching manual

Family member General mathematics book

Friends

School teacher Internet

What type of activity do you like in mathematicasdes?

Tick ONE box
Solving exercises and problem Theory
proving Working as a group
Discovering Using computer
Listening to the teacher
Working on my own Reasoning and proving
Discussion

Secondary mathematics is often seen as niidicuti than primary
mathematics.
Tick ONE box who best describes you.

Secondary mathematics is....

Not related to the real-life Secondary mathematics involves
difficult explanation.
Very abstract Very complicated

Secondary mathematics is no more difficult thampry

What is your opinion about mathematicians?
Tick ONE box in each line

Clever

Dull
Valuable to the society
Worthless to the society

Popular Not
Popular
Hard worker Not
a hard worker
Rich
Poor

Doing a dangerous job
Doing a safe job

The mathematics tasks are easier for mbeeif aire presented...
Tick ONE box in each line

In term of pictures, like diagrams In
term of symbol, like algebra
As abstract tasks As

real-world tasks

(9)

When | study mathematics...
Tick ONE box in each line




| rely on memorizing
rely on understanding
| enjoy challenging activities
not enjoy challenging activities
| enjoy repetitive tasks
not enjoy repetitive tasks
| like to master one way of achieving a task
like to think of many ways of achieving a task
| find exercises boring
find exercises interesting
| depend on the teacher most
depend on the text book most
| can hold all the ideas in my head easily

cannot hold all the ideas in my head easily
| am not quite sure what is important

Appendix D

| do

| do

| am quite sure what is importan

(10) How do you describe yourself in mathematiessts?

Tick ONE box in each line.

Strongly Strongly
Agree Agree Neutral DisagreeDisagree

| am generally a confident person in mathematiess#s
| feel more confident when | succeed in solvirtgsk
| feel confident when | study mathematics
| feel confident when | really understand whabesng taught in mathematics classes
| feel confident taking part in a discussion graupmathematics classes
| feel confident in mathematics examinations
I am confident even when facing difficult matetialunderstand in mathematics classes

(11) Write THREE sentences to explain why you bkelislike mathematics.

17.2 Thank You

Centre for Science Education
University of Glasgow, Scotland

How You See Mathematics

Grade Nine
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YOUr NaM . i e e e Your Class:

(1)

(2)

©)

(4)

(5)

This survey wants to find out what you think ofrygiudies in mathematics.

Please be completely honest!!

| think the following methods will help me toderstand mathematics.....
Tick THREE boxes which you think are the most important.

Using a calculator.

Using a computer.

Have more mathematics lessons.

Using teaching aids such as models, picturesagrdms.
Using game based in mathematics classes.

Use mathematics to solve real-life problem.

Teach mathematics more slowly.

| think mathematics is important.
Tick THREE boxes which you think are the most important.

It is useful in daily life.

It is important for some other subjects.
Mathematics can help to solve world problems.
It is a useful way to make sense of the world .
There are many jobs for mathematicians.

It teaches me to think logically.

It is important for many courses at university.

Which of the following topics interest you?
Tickas manyas you wish

Sets and their operation Solving equations
Transformation geometry
Inequalities Triangle geometry Polynomials
Circle geometry
When | have difficulty in studying mathematitsely on .....
Tick THREE boxes which you think are the most important

School textbook Out-of-school teacher Self-
teaching manual

Family member General mathematics book

Friends

School teacher Internet

What type of activity do you like in mathematicasdes?
Tick ONE box

D-7
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Solving exercises and problem Theory
proving Working as a group
Discovering Using computer
Listening to the teacher
Working on my own Reasoning and proving Discussion

(6) Secondary mathematics is often seen as miiedtithan primary
mathematics.
Tick ONE box who best describes you.
Secondary mathematics is.....

Not related to the real-life Secondary mathematics involves
difficult explanation.
Very abstract Very complicated

Secondary mathematics is no more difficult thampry
(7) What is your opinion about mathematicians?
Tick ONE box in each line

Clever

Dull
Valuable to the society
Worthless to the society

Popular Not
Popular
Hard worker Not
a hard worker
Rich
Poor

Doing a dangerous job
Doing a safe job

(8) The mathematics tasks are easier for mbeif aire presented...
Tick ONE box in each line

In term of pictures, like diagrams In
term of symbol, like algebra
As abstract tasks As

real-world tasks

(9) When I study mathematics...
Tick ONE box in each line

| rely on memorizing I
rely on understanding

| enjoy challenging activities | do
not enjoy challenging activities
| enjoy repetitive tasks | do

not enjoy repetitive tasks
| like to master one way of achieving a task I
like to think of many ways of achieving a task

D-8
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| find exercises boring I
find exercises interesting
| depend on the teacher most I
depend on the text book most
| can hold all the ideas in my head easily I
cannot hold all the ideas in my head easily
| am not quite sure what is important | am quite sure what is importan

(10) How do you describe yourself in mathematiessts?
Tick ONE box in each line.

Strongly Strongly
Agree Agree Neutral DisagreeDisagree

| am generally a confident person in mathematiess#s
| feel more confident when | succeed in solvirtgsk
| feel confident when | study mathematics
| feel confident when | really understand whabesng taught in mathematics classes
| feel confident taking part in a discussion graupmathematics classes
| feel confident in mathematics examinations
I am confident even when facing difficult matetialunderstand in mathematics classes

(11) Write THREE sentences to explain why you bkelislike mathematics.

17.3 Thank You

Centre for Science Education
University of Glasgow, Scotland

D-9
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Interview Matrix
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E-2

Q7

Q8

Q3

Q4a

Q4b

Q4c

Qa4d

Q4e

Qaf

Q4g

Q5

Geometry

Yes, sure. NoticeReduce the curriculum

6/9

Help to create
mathematical
sense. The
objectives take on|
consideration all
different levels
high and low
achievements of
the students and
all the knowledge
that they study are

useful in daily life.

Essential,
better as

now

Essential,
better as

now

Essential,
better as

now

essential,

Not

better

later

Not essential,
better later

Essential,
better as

now

Essential,
better as

now

No, justin time

that in geometry

Explain part of

Reduce the curriculum

12
6/8

Create
mathematician,
Most of the topics

are wasting of
time, and only the
person who will
be mathematician
will benefit of

them.

better latter

Essential,

G7

Not
Essential,
better later
(-4x-2)

Not
Essential,
better later

Not
Essential,
better

later

Not
Essential,
better later

Not
Essential,
better

later

Essential,
better
later G8

Yes, better to
delay to G7. focug
in the basic (+, -,

X, )

Geometry
and its

theories

the problem. The
hierarchical
nature play role

as well

Give more time for the

same topic until the

pupils handle it.
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E-3
3 Help to create Essential, Not Not Not Not Not Essential, | No, but they need] Geometry Ah...We ask the| Reduce the curriculum|
F mathematical better latter | Essential, Essential, Essential, Essential, Essential, | better as to handle the theories students to “full cream”
19 sense. The better later | better later better better later better now basics first to retrieve a huge
6/8 syllabuses are (-2x-3) later later achieve amount of
very easy, but the Diagram information not
students nowaday$ 11-2 just 5or 6 items,
differ from those no wonder why
in the past, they they fail in
don't make all-out mathematics
of their effort as
suppose.
Q3 Q4a Q4b Q4c Q4d Q4e Qaf Q4g Q5 Q6 Q7 Q8
Create Not Not Essential, Not Not Not Essential, Essential, Yes, it is very difficult Fractiong Yes, it Attractive
mathematician Essential, Essential, better as Essential, Essential, better latter better as clarifies what learning,
better better latter now better latter better now happen reduce
latter The latter curriculum.
difficulties
which are
caused by
this topic
make the
benefits of
this topic of




Appendix E
E- 4
limited
value
Create Essential, Not Not Not Not Not Essential, Essential, No, it is introduced in thel Fractions Maybe why Reduce the
mathematician, better as Essential, Essential, Essential, Essential, better latter better as proper time not? It curriculum, G9
12 focus on high now better latter | better latter | better latter better now explains “full cream”
719 achievement. latter Teach them the
skills until they
handle it and
then explain to
them how to
apply them.
9 “Mathematics Essential, Not Essential, Not Not Not Essential, Essential, Yes, it does not take in| Fractions | It may explain Train the
M objectives aim to better Essential, better as Essential, Essential, better latter better as consideration when they| and their the cause of students until
5 create latter better latter now better latter better (Sec level) now(sales, design the syllabus operations| the problem. | they handle it,
718 mathematicians (high Sec (high Sec | latter (Sec banking, get There are there is need tq
instead of level) level) level) the zakat many ideas | prove theories,
creating the and and
mathematical Almearath techniques
sense and cover which need
topics more than high capacity
the students of memory
need.”
10 Create Essential, Not Not Essential, Essential, | Not Essential, Essential, Fractions are depending Long It could be Focus in the
F mathematician better as Essential, Essential, better as better as | better laterltis better as heavily on the Division their memory basic (+, -,X,
17 now better later | better later now now better to delete now ( multiplication table and capacities ...). Improve
9 the quadratic | attendance | unless the students mastgr learning
equations at all| percentage, | itthey will not be able to system.
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E-5
banking) solve any fractions task teaching ways
and methods
Q3 Q4a Q4b Q4c Q4d Q4e Qaf Q4g Q5 Q6 Q7 Q8
11 Create Not Not Not Not Not Not Essential, Yes, very Geometry, and| Long division is highly | Reduce the G9 curriculum. And
M mathematician Essential, Essential, Essential, | Essential, | Essential, Essential, better as difficult and long division depend in previous reduce the classes for the
5 better latter | better latter | better later better better better latter now complicate the knowledge (Times teacher
719 (take latter ( later students’ minds table) and geometry aq
more than many well (No wonder)
it deserve) | theories)
12 Create Essential, Essential, Not Essential, | Essential, Not Essential, No, there is no| Multiplication Maybe, but they need tp  Attractive teaching by using
M mathematical sens¢ better as| betternow | Essential better better Essential, better as problem in the | and division ( focus in their study | teaching aid, reduce curriculur
17 now at all no latter latter better latter | now (useful | introduction of Times tables) in GO.
9/7 need to in daily life) the Fractions
teach it If the
Teaching percentage
this topic is deleted or
just delayed,
wasting what we are
time going to
without teach them
any real in
benefit mathematics
from it classes
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E-6
13 Create Essential, Not Essential, Not Essential, Not Essential, We have to Geometry & It clarifies, because the Reduce curriculum. Individual
M mathematician better latter Essential, better as | Essential, | better as Essential, better as focus in basic | Long Division syllabus design for differences. Setting classes
8 better later now better now better later now( very and just those with high working (Groups)
6/8 (-x-) later useful in introduce the memory (high
daily life fraction without achievement)
Zakat and al| its operations
mearath)
14 Create Essential, Essential, Not Essential, | Essential, | Essential, Essential, Yes, very Long Division Maybe Focus in teaching with suit t
M mathematician better latter better as Essential | better better better latter better as difficult and student’s age.
5 now at all latter later now demand a lot
6/7 (wasting from students
time)
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E-7
Q3 Q4a Q4b Q4c Q4d Q4e Qaf Q4g Q5 Q6 Q7 Q8
15 Create Not Not Essential, Not Essential, Not Essential, Yes, itisvery | Geometry is very Of course, it Reduce curriculum.
F mathematician Essential, Essential, better as | Essential, | better now| Essential, better as difficult and it | difficult and demands clarifies what
10 (focus in high better latter | better latter now better better latter now isthe reason | high levels of thinking happen and |
8/9 achievement) latter for difficulty in | and imagination.| totally agree
maths Students  have t that the
retrieve all the| syllabuses don't
geometrical knowledge suit the students
which  have bee age.
studied in the previous
years to be able tdg
understand the new
topic which is built on
the. So, no wonder that
students will lose the
enjoyment in geometr:
16 Help to create Essential, Not Not Not Not Not Essential, | Yes, it is Percentage No, It explains a Reduce the curriculum,
F mathematical sens¢ better Latter| Essential, Essential, | Essential, | Essential, Essential, better as introduced very small part of the| Teach them the skills until the
10 and take students (G6/7) better latter better better better better latter now early and better| problem but the| handle it and then explain to
9 level in latter latter latter to delay the problem from them how to apply them. Trai
consideration. operations until mathematics teachers
G6 or G7 and itself.
teach decimal (hierarchical
instead. nature )
17 Help to create Essential, Essential, Essential, Not Not Essential, Essential, No, it introduce| Geometry & Proving May be, it Give the teacher freedom to
F mathematical sens¢ better as better as better as | Essential, | Essential, better as better as in the proper theory explain part of choose the proper way of
11 and take students now now now better better now now time the problem but teaching
718 level in later later the problem
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E- 8
consideration. because the
lesson time, the
teacher doesn't
have enough
time to clarify
the idea
18 Help to create Essential, Essential, Essential, Not Essential, Not Essential, Yes, very Geometry theories Yes of course, it| Serious learning and teaching?
F mathematical sens¢ better latter better as better as | Essential, Essential, better as difficult and (Triangle and Circle does explain Don't teach for the exams teac
13 and take students now now better better latter now demand a lot Theories) because proving| for learning
69 level in latter from students. theory need
consideration The student space for recall
don't all the previous
understand it information.
Q3 Q4a Q4b Q4c Q4d Q4e Qaf Q4g Q5 Q6 Q7 Q8
19 Create Essential, Essential, Essential, Not Essential, Not Not Essential, No, this not a problem isthe | Geometry | Yes of course, it does Reduce
F mathematician better better latter | better as no better latter Essential, Essential, | better as hierarchical nature of and explain because there curriculum.
8 latter better latter better now mathematics and unless the | Triangle is a huge amount of
718 (G6) latter student masters the previous| theories information in
knowledge he will not be able tp mathematics classes

understand the new informatio
which depend heavily in the

previous knowledge
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E-9
20 Create Essential, Not Essential, Not Essential, Not Not Essential, | Actually, grade 5 student where Geometry | Of course, he will not ~ Setting ( teach
F mathematician. better Essential, better as no better later Essential, Essential, | better as | start teaching fraction doesn’t understand for this them in group
6 latter better later better later better now realize the importance of reason, he doesn't | according to their
6/9 (G6) It is better to later fractions and does not feel He have enough space tp level of
delay the need to learn these difficult hold the information. achievement)
quadratic operations that introduce fo We don't leave any
equations to him which cause a real problem space for thinking.
high for the students and the teachger We fill their working
secondary at the same time space... ha...ha
school (laughing).”
21 Create Essential, Essential, Not Not Essential, Not Not Essential, Yes, very difficult Triangle Maybe, why not Reduce the
F mathematician, better better as now| Essential, better latter. Essential, Essential, | better as theories students don't have curriculum.
9 do not take all latter better latter There are ten better later better now enough space!! Setting (teach
6/9 levels into triangle theories, latter them in group
consideration students need to according to their
know all these level of
theories and kno achievement
how to prove these
theories and kno
how to apply thes¢
theories to solving
many different
tasks. Itis too
much. We just
push them to
failure
22 The aims just Not Essential, Essential, Essential, better Essential, Essential, | Essential, | Yes, itis very difficult it should| Percentag| Yes, it clarifies what| Give the student
F focus on those | Essential, | better as now| better as no latter better as now| better as better be delay to G6 or 7 e& happen, they need the freedom to
25 | who love maths| better now latter Geometry space to hold choose whether
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and neglect latter ( (G8) information (maths | study maths or no
other who hate| require a topic require more | (before the age of
lot from space than this) 17). Concern
the about students
students) attitude towards
maths
Q3 Q4a Q4b Q4c Q4d Qde Qaf Q4g Q5 Q6 Q7 Q8
23 Create Essential, better Not Not Essential, better latter Not Essential, Not Not Essential, Of course, Proving “Am... proving theories Reduce the
F mathematician, latter It is better | Essenti better latter Essential, | Essential, | better as | we introduce theories need more than this space, curriculum,
12 focus on high to teach fraction al, better better now the topic for that it is difficult. use
719 | achievement. Many| in stages, start better latter latter without the Maybe why not? It calculator in
of the topics just | with addition and | latter student explains, with all these maths
wasting time subtraction of feeling of information, the student classes
(useless) even for| fraction and in readiness can't cope because in
the high the following realty they
achievement year teach them use it in theil
the multiplication life and in
ad division of the other subjec
fraction, to avoid where they
the ambiguity of need maths
fraction.
24 Help to create Essential, better | Essenti Not Essential, better latter Essential, betterEssential, Not Essential, | Actually the Geometry | think so
F mathematical sens¢ as now al, as now better as | Essential, | better as problem of Focus or
7 and take students better now better now maths basic in
718 level in as now latter because the primary leve
consideration huge amount until  they
of ideas ( full handle then
cream (+, - x...)

10
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curriculum)
25 Create Essential, better Not Essential, better as now Not Essential, Not Essential, | Essential, It real Fractions | feel this theory is right Focus on
F mathematician latter Essenti better latter. Essential, | betteras | betteras | problem and and explain why we suffe basic in
9 al, What is the better now now the students with them. primary level
6/8 better benefit of latter don't realize until they
latter teaching the the handle then
low importance (+ -, x...)
achievement of fractions Reduce the
students such a| at that age curriculum
difficult topic
Q3 Q4a Q4b Q4c Q4d Q4e Q4f Q4g Q5 Q6 Q7 Q8
The objectives aimtq Essential, Essential, Essential, Essential, Essential, Essential, | Essential, No, it introduces | Geometry & | Am...I don't think this is the only] Use the computer in
help the students to| better as better as better as now,| better as | better as no better as | better as | in the proper time proving reason of the difficulty. | think the teaching maths
create mathematical now now This topic can now now now theories nature of mathematics and
sense about the provide the students' attitudes towards it pla

world around them, enjoyment in a major rule

and help them to mathematics

improve their classes and
scientific thinking one of the
topics which

shows that the

syllabuses

take the low

11
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achievement
in
consideration
27 | The objectives aimtq Essential, Essential, Essential, Essential, Essential, Essential, | Essential, No, | don't think proving It is play a role and there is Change the teaching
M help the students to| better as better as better as now | better as | better as no better as | better as | so. |justintroduce| theoriesin | another reasons ( student attitude) ways in some topics
19 create mathematics now now (classification) now now now in the proper time| Geometry Provide assistant
| sense teacher (adult to help
the math teacher)
28 | The objectives aimtq Essential, Essential, Essential, Essential, Essential, Essential, | Essential, | itintroduces inthe| Fractions may be, because some tasks| Relate aathe
F help the students to| better as better as better as now.| better as | better as no better as | better as proper time real life. Create a
14 create mathematics now now ( for low now now now motivation to learn
| sense and to create achievement) mathematics by
positive attitudes attractive teaching,
towards
mathematics.
29 help the students t¢ Essential, Essential, Essential, Essential, Essential, Essential, | Essential, it doesn’t cause proving It may explain some part of the Improve teaching
F create mathematica| better as better as better as now | better as | better as no better as | betteras | any problem=, it theories in real problem but not the whole of ways , use concrete
27 | sense about thg now now now now now introduces in the Geometry | it. The problems of geometry arise  aids in teaching

world around them,
and help them tg
improve their

scientific thinking

proper time

from its hierarchical nature of it.
Students need to retrieve all thg
information that they have studie

before

d

12
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The Chi-square Test ¢?)

The chi-square test is said to to be one of thet midely used tests for statistical data
generated by non-parametric analysis. There aredifferent of applications of chi-square
test.

(1) Goodness of Fit Test

This tests how well the experimental (sampling}ribsition fits the control (hypothesised)
distribution. An example of this could be a compan between a group of experimentally
observed responses to a group of control respofRsegxample,

Positive Neutral Negative Negative
Experimental 55 95 23 N(experimental) = 173
Control 34 100 43 N(control) = 177

(using raw numbers)
A calculation of observed and expected frequerieiad to

Positive Neutral Negative
fo = observed frequency 55 95 23
fe = expected frequency 33 97 42

Wherefe = [N(experimental)/N(control)] X (control data) qi.73/177) X (control data)

The degree of freedom (df) for this comparison.iSTBis comparison is significant at two
degrees of freedom at greater than 1&.cfitical at 1% level = 9.21)

(2) Contingency Test

This chi-square test is commonly used in analysiata where two groups or variables are
compared. Each of the variable may have two or roategories which are independent from
each other. The data for this comparison is gesértbm the frequencies in the categories.
In this study, the chi-square as a contingencywest used, for example, to compare two or
more independent samples like, year groups, gendages. The data is generated from one
population group. For example,

Positive Neutral Negative
Male (experimental) 55 95 23
Female (experimental) 34 100 43

(Actual data above)

Positive Neutral Negative N
Male (experimental) 55 (44) 95 (96) 23 (33) 173
Female (experimental) 34 (45) 100 (97) 43 (33) 177
Totals 89 195 66 350

(Expected frequencies above in brackets)
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The expected frequencies are shown in bracket@nd)are calculated as follows:

e.g. 44 = (173/350) x 89

c®> =2.75+0.01+3.03+269+0.09 +3.03
=11.60

At two degrees of freedom, this is significant &.1(? critical at 1% level = 9.21)

The degree of freedom (df) must be stated for adgutated chi-square value. The value of
the degree of freedom for any analysis is obtafrad the following calculations:

df = (r-1) x (c-1)

Where r is the number of rows and c is the nurobeplumns in the contingency table.

Limitations on the Use ofc?

It is known that when values within a categorysmall, there is a chance that the calculation
of ¢? may occasionally produce inflated results whiclyhead to wrong interpretations. It is
safe to impose a 10 or 5% limit on all categori®ghen the category falls below either of
these, then categories are grouped and the diafadisrdingly.
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Correlation

It frequently happens that two measurements reélateach other: a high value in one is
associated with a high value in the other. Therixto which any two measurements are
related in this way is shown by calculating therelation coefficient. There are three ways
of calculating a correlation coefficient, dependomgthe type of measurement:

(8  With integer data (like examination marks), iBea correlation is used. This assumes
an approximately normal distribution.

(b)  With ordered data (like examination gradeska&man correlation is used. This does
not assume a normal distribution.

(c)  With ordered data where there are only a smathber of categories, Kendall's Tau-b
correlation used. This does not assume a norrsalition.

Sometimes, the two variables to be related userdrit types of measurement. In this case,
none of the methods is perfect and it is betters® more than one and compare outcomes. It
is possible to use a Pearson correlation when anable is integer and other is dichotomous.
The coefficient is now called a point biserial dazént.
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Q1A
Q1B

QiC
Q1D
QIE

QIF
Q1G
Q1H

Q2A
Q2B
Q2cC

Q3A
Q3B
Q4A

Q4B
Q4cC
Q4D

Q4E
Q5A
Q5B

Q5C
Q5D
QS5E

Q5F
Q5G
QS5H

Q6A
Q6B
Q6C

Q6D
Q6E
Q6F

Q7A
Q7B
Q7C

Q7D
Q7E
Q7F

Phase (1) Kendall's tau_b

Wm FD MATH Q1A Q1B QIC QD QlIE QIF QG QIH Q2A Q2B Q2C Q3A Q3B Q4A Q4B Q4C Q4D Q4E Q5A Q5B Q5C Q5D
095 | .125 299

-.064 | -.084 -203 | -.222

.005 | .067 146 | 315 | -.181

045 | .180 355 | 477 | -.235| .346

-035| -.033 -050 | -.011| .029| -.028| -.033

-.040 | -.093 -063| .029| .058| .072| .006| .129

059 | .058 169 | 339 | -232| .323| .330| -072| .124

.005 | .007 106 | 323 | -162 | .248| .291| -009| .169| .484

-.042 | -.023 051 | 123 | -101| .432| .057| .022]| -.002| .062| .097

017 | .066 075 | .129| -062| .109| .139| -138| .019| .184| .091| -.034

-024 | .063 089 | .167| -101| .109| .157| -095| .033| .186| .127| -135| .580

~054 | -.053 -150 | -.223 | 190 | -267| -230| .109| -089| -428| -381| -.046| -.133| -.131

.001 | -.035 -005| -.089 | .091| -.114| -.094| .023| .066| -.146| -143| .081| -014| .001| .448

.056 | .165 258 | .380| -311| .262| .412| -047| .058| .357| .294| .067| .067| .165| -.298 | -.096

058 | -.167 197 | -289 | .201| -.192| -305| .055| -.008| -.214| -.172| -.066| -.038| -.108| .147| .044| -.321

-075 | -.092 266 | -.379 | .266| -271| -401| .092| -021| -.368| -.248| -.094| -140| -169| .307 | .086| -.389 | .401

079 | .176 342 | 420| -275| .290| .444| -o060| .019| .343| .256| .056| .111| .163| -276| -.096 | .520 | -.371| -.557

~.059 | -.001 -229 | -375| 342 -355| -392| .019| -072| -403| -346| -105| -137 | -191| .371| .150| -.464 | .377| .487| -.406

-.092 | -.148 -276 | -.286 | .184| -203| -295| .046| -.014| -220| -217| -088| -.073| -092 | .296| .139| -.285| .264| .296| -314| .411

.019 | -.009 098 | .206| -107| .162| .133| -033| -040| .206| .181| .017| .104| .123| -159 | -.100 | .168 | -114| -144| .164| -240| -.245

048 | 128 253 | 260 | -202| .223| 274 -o031| -o001| .187| .146| .013]| .070| .102| -200| -119| .255| -147| -175| .254| -274| -380| .305

-.049 | -.032 117 | -.146| 120 -.187| -.190| .094| -048| -.186| -.138| -037| -473 | -149| .193| .073| -.164| .164| .211| -153| .268| .287 | -.303 | -.298

017 | -.071 -020| -050| .036| -057| -068| .056| .040| -.074| -018| -034| -021| -023| .045| .013| -027| .038| .030| -046| .115| .107| -035| -104| .052
054 | .017 035 | -081| .025| -032| -016]| .003| -.086| -.033| -137| .013| -.064| -098| .156| .113] -.018| .001| -029| .041| .081| .096| -070]| -.082| .079
-074| -.010 -026| .091| -056| .054] .079| .045] .050] .085]| .079| -.014| -.006| .056| -.130| -.072| .084| .017| .007| .053| -.076| -110| .106| .124| -.049
.040 | .090 -001| -021| .035| -018| -058| -111| -085| -049| -035| .007| .003| -016| .049| .040| -004| .039| .057| .008| .070| .046| -053| -.022| .100
-105 | -.102 -212 | -307 | .249| -231| -343| .062| -.058| -.325| -.263| -015| -.093| -159| .234| .085| -.356| .470| .402| -373| .427| .308| -.133| -.209| .170
-.060 | -.165 -262 | -.406 | .268| -.304| -.433| .042| -.006| -.366| -.335| -071| -.106| -.157| .324| .126| -473| .349| .435| -446| 547| .445| -196| -.287| .235
024 | -.026 -088 | -203| .174| -263| -233| .060| -102| -.363| -405| -075| -085| -117| .425| .168| -274| .188| .298| -268| .337| .175| -130| -174| .178
045 | -.088 -240 | -.333 | 351 | -.313| -.406| .013| -.042| -.400| -.370| -.102| -.078| -.163| .398 | .150 | -.481 | .355| .443| -429| .694 | .426| -.240| -.318 | .249
~016 | .006 -117 | -174| 180 | -247| -254| .051| -092| -.335| -.366| -.033| -069| -126| .392| .181| -266| .152| .312| -275| .324| .218| -122| -.136| .158
-.055 | -.136 -205| -370| .287| -338| -397| .009| -010| -355| -304| -098| -095| -147| .357| .117| -459| .335| .370| -386| .588| .378| -.167| -264| .224
-106 | -.151 -203 | -301| 254 | -141| -259| .059| -.005| -.273| -.167| -.004| -124| -135| .199| .114| -307| .225| .287| -286| .289| .135| -.146| -191| .116
064 | -.048 -104| -.045| .100| -.064| -071| .029| .031| -.124| -090| .026| -.041| -021| .194]| .090| -.099| .067| .112| -095| .133| .102| -.060| -.122| .077
-.050 | -.156 -254 | -274| 310 -232| -247| .061| .030| -258| -169| -111| -020| -064| .210| .097| -346| .286| .341| -367| .374| .217| -173| -140| .177
-.031| -.168 -314 | -357| .280| -215| -.343| .110| -.006| -.309| -.229| -.007 | -.150 | -.219| .268| .103| -.360 | .298 | .374| -345| .404| 247 | -.146| -206| .181
-093 | -.174 -322 | -.386| .204| -241| -361| .102| .058| -.275| -.194| -048| -113| -131| .187| .035| -380| .261| .307| -393| .296| .225| -.177| -.200 | .168
-.048 | -.034 -125 | -148| .138| -061| -.108| .108| -026| -.185| -147| .012| -085| -081| .161| .092| -139| .o71| .160| -127| .208| .205| -121| -.184| .086
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Q8A
Q8B
Q8C

Q8D
QSE
QS8F

Appendix F

-.028 | -.075 -173 | -.280 224 | -.177 | -.293 .056 .040 | -233| -173| -.046| -.081 | -.133 .164 .082 | -.339 .200 .257 | -.280 .319 149 | -.122 | -.130 .092
-.063 | -.181 -233 | -.251 146 | -.096 | -.279 .062 157 | -137 | -069 | -005| -120| -.106 .133 .093 | -.218 .167 195 | -.245 .204 195 | -.107 | -.185 .084
-114 | -.024 =171 | -.207 146 | -.140 | -.175 .090| -.002 | -190| -.188 .007 | -.094 | -.078 .142 .083 | -.204 .134 .213 | -.190 .244 .168 | -.097 | -.117 .096
-113 | -.187 -301 | -.329 .186 | -.209 | -.358 .094 .028 | -196| -187 | -031| -117 | -138 .155 .039 | -.377 .221 .318 | -.405 .313 196 | -.179 | -.191 .125
-.108 | -.188 -277 | -.350 212 | -241 | -.347 .062 .012| -259| -158| -070| -136| -.188 .187 .061 | -.332 .258 .387 | -.396 .335 241 | -.167 | -.215 .146
.006 | -.096 -125 | -.137 154 | -.089 | -.126 .055| -016| -113| -111| -044 | -118 | -.082 .102 .053 | -.138 125 140 | -.127 .190 .110 | -.037 | -.145 .092
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Q5F
Q5G
Q5H

Q6A
Q6B
Q6C

Q6D
Q6E
Q6F

Q7A
Q7B
Q7C
Q7D
Q7E
Q7F

Q8A

Q8B
Q8C
Q8D
Q8E
Q8F

Phase (1) Kendall's tau_b

Q56 Q5H QB6A Q6B QB6C Q6D QBE QB6F Q7A Q7B Q7C Q7D Q7E Q7F Q8A Q8B Q8C Q8D QSE
-.115

-.001| .032

-.069 | .040 | .464

029 | .022] .249] .301

-.084| .041| .468| .609 | .381

-059 | .043| .269| .280| .526 | .352

096 | .063| .464| 593 | .306| .623| .316

-075| -.018 | .293| .306 | .141| .328| .122 | .289

018 | .063| .060 | .098 | .184| .165]| .123 | .124 | .162

022 .027| 263| 320| .189| .341| .219| .303| .308| .179

025 | -.027 | .365| .400| .252| .429| .228| .347 | .353| .149| .380

-070 | -.029 | .288| .361| .184 | .307 | .172 | .280 | .311| .149| .360| .423

051 | .069| .181| .224| .124| .198| .115| .134| .153| .060| .185| .185| .150

-050| .000| .300| .359| .134| .348| .135| .345| .269| .128| .263| .334| .341| .145

-072| .015| .120| .256| .063| .180| .081| .235| .195| .131| .232| .277| .330| .179| .350

-053| .034| 212| 214| .167| 233| .203| .216| 205| .073| .235| .281| .241| .224| 299 | .318

-.049 | -.029 | .305| .366 | .148 | .351| .166 | .345| .340| .118| .348| .375| .460| .195| .374| .347 | .290

-.042 | -.001 | .306| .362| .194 | .354| .177 | .328 | .339| .098 | .305| .421| .431| .182| .389 | .342| .274| .503

-010| .054| .096| .129| .115| .159| .098 | .153| .140| .135| .281| .256| .173| .190| .216| .255| .235| .218| .193

Correlation is significant at the 0.01 level (2-tded).
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Phase (2): Correlations Kendall's tau_b
Grade Eight
wm FD Q7A Q7B Q7C Q7D Q7E Q7F Q8A Q8B Q9A Q9B Q9C Q9D Q9E Q9F Q9G Q9H QI0A QI0B Ql0C Q10D QIOE QIOF

FD .091
Q7A 035 009 qurelation is significant at the 0.01 level (2-
tailed).
Q7B -.008 .010 .586
Q7C .031 .036 .107 .140
Q7D .032 .029 .279 .325 .043
Q7E .007 .034 .248 .249 .248 .289
Q7F -.023 .011 -.049 -.045 .137 .135 .166
Q8A -.041 -.026 .083 .023 .075 .110 .003 .054
Q8B -.043 .006 .010 .058 -.019 .024 .009 -.025 .244
Q9A -.002 -.075 -.074 -.058 .069 -.106 .054 .106 .085 -.006
Q9B .022 .110 .115 .158 .145 .079 .085 -.097 .028 .064 -.008
QoC -.044 -.180 .128 131 -.004 .105 .096 .017 .063 .019 .104 .008
Q9D -.001 -.121 .059 .059 -.051 .097 .024 112 .058 -.013 .107 -.164 .269
Q9E -.043 -.088 -.186 -.142 -.051 -.049 -.091 .120 .058 -.013 .186 -.185 .161 .336
Q9F -.019 -.046 .218 .242 .015 131 .105 -.035 .059 -.068 .001 .042 .222 .206 .105
Q9G .030 .021 .187 .153 .165 .092 .150 -.007 .032 .020 .028 .304 -.039 -.088 -.250 .015
Q9H -.055 -.019 -.119 -.058 .007 -.041 -.087 .113 .082 .050 .165 -.140 .159 .292 .524 .167 -.363
Q10A .021 .084 .219 173 .084 .064 .123 -.082 -.068 -.021 -.038 .193 -.005 -.102 -.219 .093 .337 -.224
Q10B .046 .076 .228 .214 .097 .107 .001 -.021 .029 -.002 .026 .185 .044 -.059 -.212 .062 .143 -.170 .325
Q1o0C .059 .031 .327 .224 .107 .049 111 -.050 .005 -.034 .001 173 .067 -.074 -.231 .175 .243 -.197 .388 .338
Q10D .013 .061 .261 .240 .080 .134 .092 -.064 -.046 -.094 -.065 .130 .052 -.008 -.141 131 .168 -.140 .342 .500 .358
QI10E -.007 -.029 .217 .209 .050 .057 .073 -.032 .015 -.033 .021 .170 .076 .009 -.136 .170 .202 -.125 .337 .364 .355 .524
Q10F -.012 .101 .129 .100 .178 .061 .126 -.061 .007 .037 -.016 .220 -.081 -.190 -.224 .008 .350 -.264 .387 .279 .333 .258 .248
Q110G .013 .108 .076 .068 .116 .004 .094 -.075 -.027 .059 -.025 .213 -.046 -.212 -.226 -.026 311 -.213 .395 .161 .245 .160 .212 .515
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Grade Nine

Wm FD Q7A Q7B Q7C QD Q7E Q7F Q8A Q8B Q9A Q9B QI9C Q9D Q9E Q9F Q9G Q9H QI0A Ql0B QI0C Q10D QIOE QIOF

FD .206
Q7A 117 .046
Q7B .077 .081 .490
Q7C | -051 | .068 | -.065 | .044
Q7D .035 .021 .142 .320 .104
Q7E | -.006 | .036 .061 .235 .329 .254
Q7F | -003 | .013 | -.131 | -057 | .123 .101 141
Q8A .107 .023 .101 124 .067 .113 111 .065
Q8B 011 .037 .022 .071 .026 .179 .051 .057 .282
Q9A | -005 | -071 | -.091 | -.085 | .070 .052 .087 116 .053 .046
Q9B .038 .185 .083 .148 .268 121 198 | -.007 | .075 .070 | -.024
QoC | -072 | .015 | -037 | .028 | -027 | .147 .029 | -.014 | -.007 | .022 .007 | -.035
Q9D 016 | -.069 | -.063 | -.087 | -.189 | -.027 | -.127 | .140 .038 .067 097 | -171 | .255
Q9E | -041 | -.082 | -.159 | -.166 | -153 | -.037 | -.093 | .198 | -026 | -022 | .181 | -262 | .188 455
Q9F .040 .038 .044 .050 | -.124 | .080 | -.021 | -.017 [ .089 112 | -.059 | .011 .134 197 191
Q9G .030 .060 .092 .142 .231 117 190 | -.006 | .040 .040 011 408 | -079 | -179 | -234 | .024
Q9H | -.026 | -.033 | -086 | -.075 | -.144 | .025 | -.057 | .104 .051 .074 074 | -.183 | .185 .383 430 250 | -.346
Q10A | .133 .190 .199 .206 223 .104 169 | -.040 | .048 .040 | -.013 | .298 | -081 | -202 | -270 | -.049 | .345 | -325
Q10B | .064 .130 .158 .136 .118 114 071 | -046 | .014 .000 | -.035 | .172 .001 | -.117 | -.133 | .049 187 | -.177 | .367
Q10C | .063 .091 .219 .284 132 .094 477 | -.040 | .050 .085 017 222 .017 | -.105 | -.218 | .007 269 | -.200 | .442 .321
Q10D | .011 .106 .120 .129 .140 .092 133 | -.006 | .095 .047 .005 .146 .052 | -.061 | -.069 | .057 217 | -.093 | .343 478 .365
Q10E | .080 111 .119 .155 132 .084 127 .044 .039 .007 | -.020 | .190 .008 | -.059 | -.120 | -014 | .166 | -.123 | .347 422 .357 .489
Q10F | .062 123 .119 .186 262 .064 210 | -.058 | .065 .037 | -.064 | 279 | -039 | -207 | -287 | -044 | 322 | -326 | .485 .268 419 .276 .235
Q10G | .029 .091 .170 .209 .195 .078 217 | -.052 | .068 .029 .010 302 | -046 | -.185 | -247 | -007 | 329 | -303 | .462 .248 .385 .205 .216 .596
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Regression StatisticdPhase 1)

Dependent Variable: Students’ performance in mathematics

Independent Variable: Students’ working memory space

Adjusted R Std. Error of
R R Square Square the Estimate
.231(a) .054 .052 17.219
Sum of
Squares df Mean Square F Sig.
Regression | 7878.743 1 7878.743 26.574 .000(a)
Residual | 139347.697 470 296.484
Total 147226.441 471
Standardized
Coefficients Coefficients T Stat
Model
B Std. Error Beta
Mathematics 51.009 3.076 16.583
Performance
X-space 3.022 .586 231 5.155
Dependent Variable: Students’ performance in mathematics
Independent Variable: Students’ Field dependence/independence
Adjusted R Std. Error of
R R Square Square the Estimate
.431(a) .185 .184 15.975
Sum of
Squares df Mean Square F Sig.
Regression 27286.324] 1 27286.324 106.925 .000(a)
Residual 119940.117 470 255.192
Total 147226.44] 471
Coefficients Séan(;lfgrq 'Z?d
Model QEICIEMNLS T Stat
B Std. Error Beta
VRITETETES | 1.285 43.120
Performance
FDI 2.473 .239 431 10.340




Appendix F

Dependent Variable: Students’ performance in mathematics

Independent Variable: Students’ working memory space
Students’ Field dependence/independence

R R Square Adjusted R Std. Error of
q Square the Estimate
.456(a) .208 .205 15.767
Sum of
Squares df Mean Square F Sig.
Regression 30639.208 2 15319.604 61.627 .000
Residual 116587.232 469 248.587
Total 147226.441 471
Standardized
Coefficients Coefficients
Model T Stat
B Std. Error Beta
Mathematics | 5 gg4 2.865 16.054
Performance
X-space 2.009 .547 .154 3.673
FDI 2.302 .241 401 9.569
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Regression StatisticPhase 2)

Dependent Variable: Students’ performance in mathematics

Independent Variable: Students’ working memory space

Appendix F

Adjusted R | Std. Error of
Model R R Square Square the Estimate
1 .200(a) .040 .039 18.6155
Model SSum of df Mean Square F Sig.
quares
Regression | 12101.231 1 12101.231 34.920 .000
1 Residual | 289359.242 835 346.538
Total 301460.473 836
Unstandardized Standardized t Sig
Model Coefficients Coefficients )
B Std. Error Beta B Std. Error
Mathematics 42.325 4.331 9.772 .000
Performance
X-space 4.979 .843 .200 5.909 .000
Dependent Variable: Students’ performance in mathematics
Independent Variable: Students’ Field dependence/independence
Adjusted R | Std. Error of
Model R R Square Square the Estimate
1 .331 .110 .109 17.7984
Sum of
Model Squares df Mean Square F Sig.
1 Regression | 32442.688 1 32442.688 102.413 .000
Residual | 263563.829 832 316.783
Total 296006.517 833
Unstandardized Standardized )
Coefficients Coefficients t Sig.
Model B Std. Error Beta B Std. Error
Mathematics 46.248 2.213 20.894 .000
Performance
EDI 4.718 .466 .331 10.120 .000

Dependent Variable: Students’ performance in mathematics

Independent Variable: Students’ working memory space
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Students’ Field dependence/independence

Appendix F

Adjusted R | Std. Error of
Model R R Square Square the Estimate
1 .360(a) .130 .128 17.6062
Model SSum of df Mean Square F Sig.
quares
Regression 38415.126 2 19207.563 61.964 .000
Residual 257501.391| 831 309.978
Total 296006.517, 833
Model Unstandardized Standardized t Si
Coefficients Coefficients 9.
B Std. Error Beta B Std. Error
Mathematics 29.867 4327 6.903 .000
Performance
X-space 3.564 .812 .145 4.389 .000
FDI 4.336 469 .304 9.239 .000

Factor Analysis
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Communalities

Initial Extraction
Working 1.000 975
memory
FD 1.000 .690
Mathematics 1.000 560
performance
Mathematics 1.000 765
test

Extraction Method: Principal Component Analysis.

Total Variance Explained

Appendix F

Extraction Sums of Square

Rotation Sums of Squared

Initial Eigenvalues Loadings Loadings
% of % of % of
Varianc| Cumulat Varianc| Cumulat Varianc Cumulat
Total e ive % Total e ive % Total e ive %

1 2.108 | 52.702 | 52.702 | 2.108 52.702 | 52.702 | 1.901 | 47.518 47.518
2 .882 | 22.048 | 74.750 | .882 22.048 | 74.750 | 1.089 | 27.232 74.750
3 .648 | 16.211| 90.961
4 .362 | 9.039 | 100.000

Eigenvalue

Extraction Method: Principal Component Analysis.

Scree Plot
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1.0

0.5

T
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Component Matrix(a)

Component
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Appendix F

1 2
Working 511 .845
memory

FD 750 -.356

Mathematics 721 -.203

performance

Mathematics 874 -.021

test

Extraction Method: Principal Component Analysis.
a 2 components extracted.

Rotated Component Matrix(a)

Component
1 2
Working 119 .980
memory
FD .830 -.016
Mathematics 740 11
performance
Mathematics 806 .341
test

Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization.
a Rotation converged in 3 iterations.

Component Transformation Matrix

Component 1 2
1 1912 411
2 -411 912

Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization.
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Appendix F

Kuwait University Entries

KUWAIT UNIVERSITY

Admissions & Registration
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