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Abstract of thesis presented to the Senate of U~liversiti Putra Mala>.sia in 
fulfilment of the requirements for the degree of Master of Science. 

FACTORS KNFLUEXCIXG THE ACHIEVEMENT IN M.4TNEMATICS 
OF MALAY SECONDARY SCHOOL STUDENTS 

BY 

CHE A. NALIILI BIN CZIE DAUD 

MAE' 2001 

Chairman : Associate Professor Mohd Salleh bin Lebar, M. Sc 

Faculty : Management and Economics (Department of Education) 

The present situation of many secondary school students having difficulty in 

learning mathematics needs to be thoroughly invxtigated. Various factors need 

to be studied in order to determine why these students failed to perform 

satisfactorily in mathematics. For this research, a group of three hundred 

secondary school students were studied in order to determine the influence oT 

students' internal characteristics on achievements in mathematics. This research 

focused on the following seven internal characteristics: Attitudes towards 

mathematics, mathematics anxiety, lnotivation to study matl~ematics, personslity 

and behavioural characteristics, cognitive readiness, learning strategies, a id  

learning styles. 
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For learning styles. Kolb's Learnlng Style Inventor!; ( 1985) mas used C'o, ( ~ ~ I I I \  c 

readiness test consisted of questions il~volving abstract reasoning. logical 

thinking. and numerical computation. For the other variables. the tests cons~sted 

of questionnaires using likert scale from one to five. Mathematics achie\,emenrs 

were deterlnined by the scores that the students got for mathematics in the rl-lal 

SPM Examination. 1999. 

The research findings sho\ved that matheinatics achievements \\ere significantl~ 

and positively correlated with attitudes towards mathematics. moti\,atio~~ to stud! 

~nathematics. and personality and behavioural characteristics Matl~emat~cs 

anxiet~.  on the other hand. had negative influence on achie\ement\ In 

mathematics. The result suggested that efforts must be made to reduce the Ic\ el 

of n~athematics anxiety in order to raise the students- perfornlance In 

mathematics. 

Mathematics achievelnents were found to correlate strongl!. \?:it11 alistract 

reasoning. logical thillking. and numerical computational abilities. .4s 1i71. 

leanling strategies. higher achievers were found to be more oriented to\\.a~-cIs 

meaningful learning. as opposed to rote memorising. The findin2s for leiu.i~ing 

styles indicated that higher achievers were more oriented to\?-ards abs11-ac~ 

conceptualisation and active experimentation nlodes of learning. Convergence 

\&!as found to be the donlinallt learning style of students \vIlo were escelle~lt in 

~nathematics. 
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i n  the intel--groups comparison analyses. the findings showed that \veal< students 

did not have positive attitudes and strong motivation to succeed in learning 

~nathematics. Their levels of mathematics anxiety were relativel!, high. and their 

personality and hehavioural characteristics were relatively unfavourable. Weal< 

students also had a relatively lower level of ability in abstract reasoning. logical 

thinking, and nu~llerical computation. Weak students were more oriented to\vasds 

rote memorising and concrete experiencing mode of learning. 
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ME1 2001 

Pengerusi: Profesor Madya Rllohd Salleh bin Lebar, b~l. Sc 

Fakulti: Pengurusan clan Ekonorni (Jabatan Pendidikan) 

Keadaan sekarang cli mana ramai pelajar sekolah nlenengah rnengalami 

kesukaran mempelzjari matematik memerlukan psnyiasatan yang rapi. Pelbagai 

faktor perlu dikaji untuk menentukan kenapa pelajar-pelajar ini gaga1 mencapai 

prestasi yang memuaskan dalam matematik. Untuk kajian ini, sekumpulan tiga 

ratus orang pelaja: sekolah menengah telah dikaji untuk menentukan pengaruh 

ciri-ciri dalaman pelajar ke atas pencapaian dalam matematik. Kajian irli 

menumpukan kepada tujuh ciri-ciri dalaman berikut: Sikap terhadap matematik, 

kerisauan terhadap matematik, motivasi untuk belajar matematik, sahsiah dan 

ciri-ciri tingkah laku, kesediaan kognitif, strategi pembelajaran, dan gaya 

pembelajaran. 

ha
k M

ilik
 M

ARA



Bagi gaya pembelajaran. Inventori Gaya Pembelajaran Kolb ( 1 985 ) telali 

digunakan. U-jian kesediaan kognitif mengandungi soalan-soalan rnengenai 

I~eupayaan berhujah secara abstrak. berfikir secara logikal. dan kemahiran 

mengira. Bagi pembolehubah-pembolehubah yang lain. ujian-u.jian nlengandungi 

soalan-soalan yang menggunakan skala likert dari satu hingga lima. Pencapaian 

dalaln maternatik ditentukan oleh markah yang pelajar-pelajar perolehi bagi 

matematik dalam Peperiksaan Percubaan SPM 1999. 

Hasil kajian menunjukkan bahawa pencapaian dalanl ~natelnatik meinpunj~ii 

korelasi yang signifikan dan positif dengan sikap terhadap matematik. motivasi 

untuk belajar matermatik. sahsiah dan ciri-ciri tingkah laku. Kei-lsauan terhadap 

matematik. di sebaliknya. mempunyai pengaruh yang negatif ke atas pencapaian 

dalaln maternatik. Hasil kajian mencadangkan usaha perlu dibuat bagi 

mengurangkan tahap kerisauan terhadap matematik agar pencapaian dalanl 

~natematik dapat ditingkatkan. 

Pencapaian dalam matematik mempunyai korelasi yang kuat dengan keboleilan 

berhu.ja11 secar-a abstrak. berfikir secara logikal. dan men~i ra .  Bagi stratey 

peillbelajaran. pelajar-pelajar yang mempunyai pencapaian tinggi dalam 

matematik didapati lebih cenderung kepada pembelajal-an jlang berlnalina. clan 

bukan penlbelajaran secara hafalan. Hasil kajian bagi gaya pembelajaran 

menunjukkan bahawa pelajar-pelajar yang mempunyai pencapaian tinggi dalam 

n>atematik lebih cenderung kepada kaedah belajar yang menelcanl,an 

konseptualisasi abstrak dan pengkajian aktif. Konvergen telah didapati sebaga~ 
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gajra peln belajaran yang dominan di kalansan pelajar-pela.ja~- 1 an? cemerlan y 

dalam maternatik. 

Dalam analisis perbandingan antara kumpulan, hasil kajian menunjuhkan ba11aw.a 

mereka tidak mempunyai sikap yang positif dan motivasi yang kuat untuk beqia~.s 

dalam pembelajaran matematik. Mereka mempunyai tahap kerisauan >an9 lebih 

tinggi terhadap matematik. dan sahsiah dan ciri-ciri tingkah laku yang kurang 

memuaskan. Pelajar-pelajar lemah mempunyai tahap keupayaai~ yang iebili 

rendah dalam penghujahan abstrak. pemikiran logikal. dan kemahiran mengira. 

Pelajar-pelajar lemah lebih cenderung kepada menghafal dan mengalami secara 

konkrit sebagai kaedah pembelajaran mereka. 
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CHAPTER 1 

INTRODUCTION 

1.1 Background of Research 

Many students in secondary schools have shown great difficult). in leal-ning 

mathematics. Results in standardised examinations such as the standard six Uiian 

Penilaian Sekolah Rendah (UPSR), form three Penilaian Menengall Rendah 

(Ph4R) and form five Si-) il Pelajaran Malaysia (SPM). have sho\vn that i11a.j orit! of' 

these students failed to score good grades in mathematics. Par-ents. teachers and 

others involved in education have expressed their great concern to this situation. 

Mathematics teachers are very much aware of this situation. and the!. are uncle]- 

intense pressure to raise the achievement level of their students in matheu~~atics. 

Efforts have been made to remedy the situation. but man!- mathematics teacl~el-s 

have found that this task is not easy. Most of their efforts ha\ e no1 ~~roducc.cl 

si~nificant irnproj~ement in the performance of students in n~athemat~cs. 

Mathematics teachers are indeed facing a challenging task in raising the abilit! of' 

these students to learn mathematics. As a mathematics teacher. \+rho has heen 

teaching mathematics for a number of years at Makrab Rendal~ Sains hIAli .4  

(AIRSh4). which is a f~~ll>p residential school. the researchel- finds t l~c situat~on 
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vei-y disturbing. On14 good students who have performed well In f'orlm three l 'h~ll i  

Exan~ination, with at least 6As including mathematics and sclence. are selectcci t o  

study in MRSM. Among these good selected students. there exists a large I I U I I I ~ C I  

of students ~ 1 1 0  have difficulty in learning mathematics. especiall~, additional 

mathematics. Even though they are highly motivated. and have given effort and 

shown interest towards the subject. a large number of t l~em have sho\~rn great 

difficulty in learning mathematics. and subsequently. failed in tests ~ i v e n  b! their 

teachers. 

In the end of the semester or end of the year examinations, it is normal to see the 

majorit)' of these students failed in additional mathematics. Figures ~n table 1 1 

give an example of how poorly the majority of these students performed 111 

additional lnathematics test. In non-residentla] schools. especiall) 111 t he  I - L I I ~ I  

areas. we call expect to see a much more disappointlllg performance 111 addlt~ond 

mathematics. 

ha
k M

ilik
 M

ARA



Table 1 . 1  Results of Trial SPM Examination 1996 

ooa n u Maktab Rendah Sains MARA, Kuala Teren,, 

Subject: Additional Mathematics 

Source: Examination Unit 

Maktab Rendah Sains MARA, Kuala Terengganu (1997) 

Total ~ ~ u ~ n b e s  of students : 3 13 

Min score : 3 7.63 YO 

Standard deviation : 1 5.25 

Maktab Rendah Sains MARA. Kuala Terengganu is a frill!. I-esidential scl~nol 

1'1-0111 Table I . I .  we can see that even among these selected students. the  rnalo1-11\ 

Percentage 

? -.- 34 

8.95 

23.32 

27.48 

19.49 

10.54 

5.43 

2.24 

0.32 

0 

Score 

0 ------ 10 

1 1 ------ 2 0 

?1 ------ - 30 

3 1 ------ 40 

41 ------ 50 

5 1 ------ 6 0 

61 ------ 70 

71 ------ 80 

8 1 ------ 90 

91 ------ 100 

No. of students 

7 

2 8 

73 

8 6 

6 1 

3 3 

17 

7 

1 
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of them had not performed satisfactorily in additional mathematics. Fro111 the ; 1 i 

students. 194 (62 %) scored less than 40 marlts in the exa~nination. Onl!. o n c  

student was able to score Inore than 80 marks. The Ion- niin score of 37.63 (!/o is ;I  

clear indication of how poorly this group of students performed in additional 

mathematics. With such an unsatisfactory performance in additional inatl~ematics 

among selected students in a fully residential school. one should not be surprised 

to see much worse results among ordinary students in dail!. schools. Man!. of 

these students given up hope of succeeding in additional matl~ematics. 

Situation like this is disheartening to mathematics teachers. Much time and efforl 

have been given by both, the teachers and students involved. but not much S U C C ~ S T  

has been achieved. Man). researchers in illathenlatics educatio~l have focus\ed 

their reseal-ch on this problem. Richard R. Skeinp (1986) expressed his conccl-n 

\\.it11 the problem of students who. though intelligent and hard-\vorking. seemed t o  

have a blockage about mathematics. This had led hiin to study and in\;esiiga~e 

the problems of learning mathematics. He suggested that there seemed to hc. :I 

qualitative difference between two kinds of learn~ng whlc11 he called 11ab11 

learning or rote-memorising. and intelligent learning. w111ch I I I \  ol\ es 

~~nderstanding. Because of the abstract nature of mathematical kno\vledge. \\ 111c.h 

iiivol\~es the formation of conceptual structures communicated and ~nanipui~l~ecl 

by llleails of symbols. the study of illathematics requires intelligent learning. 

Gal. and Cole ( 1  967j studied n~athematics learning difficulties of Kpelle pupils in 

Liberia. They concluded that there did not exist any inhel-en1 difliculties. \4'l1al 
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happened in the classroom was that the contents did not make any sense from the 

point of view of Kpelle culture; moreover the methods used were priinarily on 

rote memory and harsh discipline. In another study in Australia (Christie. 1985). it  

was found that the present approaches to mathematics education resulted in the 

Aboriginal children perceiving school mathematics more in terms of meaningless 

ritual than as a purposeful pursuit. Much of this unstable mathematical knowledge 

was soon forgotten. 

Mathematics is abstract by nature, and abstractions take one away form a contest. 

and knowledge learned without context is literally meaningless. Of course. 

mathematical ideas offer their own kind of context. so it is 17ery possible to 

develop meanings within mathematics (Bishop. 1988). Mathematics involved the 

study of abstract objects : Facts, concepts, operations and principles (Begle. 

1979). Because of its abstractness, it can be comprehended only by a few and 

with great difficulty. 

Roinberg (1992) contended that there needs to be a shift from the ilotio~l that 

mathematics is a set of rules and formalisms invented by experts, ~vhich everyone 

else is to inemorise and use to obtain unique correct answers. to a view that 

leanling mathematics involves processes of abstraction. inference and logical 

reasoning. From this perspective, learning mathen~atics should emphasise 

constructing mathematical meaning. 
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Currently. many educational researchers view learners as " architects huilding 

their own knowledge structures " (Wang, Haertel and Walberg. lC)93). ['lic 

learner is not a passive recipient of knowledge but an acti1.e constsuctol- 01' 

knowledge. Learning is a process of knowledge construction. but not of' 

knowledge recording or absorption. Current bowledge is used to construct a ne\\. 

knowledge. Learning is not a passive receiving of ready-made lcnou7led~e but it is 

a process of construction in which the students themselves have to be the primar!. 

actors (von Glasersfeld. 1991). The learner does not passi\~el~z receive and record 

information, but helshe actively interprets and constructs meaning througli the 

existing knowledge structures that helshe has earlier acquired. 

The difficultj7 in learning mathematics is very much due to the highl!. abstract and 

conceptual nature of mathematical knowledge. This is further aggsa\.ated b! the 

many symbols and notations which are used to coinmunicate the l;iio\4.ledge. 

Many students face the problem of understanding mathematical lessons that are 

presented in the classrooms. They either fail to construct meaning or the meaning 

that they constructed is not consistent with what the teacher explains. 

Learning and teaching strategies that are being practised In school \ler! ottcn do 

not promote intelligent learning. Much emphasis is put on rote-memosis~ny and 

algoritl~mic learning. Drilling is highly practised, where students are required to 

solve a lot of probleins with the hope that they will be able to solve slmilal- 

l~roblems in tests or examinations. A lot of emphasis is put on learning 0 1 '  
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procedures. which is the " how" aspect of learning, but little attention is given to 

the "why" aspect. 

Two learning approaches in the processing of information in learning situations 

have been identified : Deep and surface approaches (Entwistle, 1987; Marton. 

Hounsell, & Entwistle, 1984; Marton & Saljo, 1976). I11 deep processing 

approach, learners regard the learning material as a means by which to gain an 

understanding of the underlying meaning of the material. These learners are 

intrinsically motivated and they learn for the sake of learning, with less concern 

on their performance or evaluations of their performance by others. This approach 

will lead to far greater understanding of the material that is being studied. 

In surface processing approach, learners regard the learning material as what 

needs to be learned, without attempting to link it to a larger conceptual 

framework. These learners are extrinsically motivated. They are motivated to 

fulfil the demands placed on them by others, and are particularly sensitive to 

assessment procedures. They regard learning as a passive transmissioil of the 

learning material to their brain, with particular emphasis on 1-ote-memorising in 

acquiring knowledge. Usually, these students study just for the sake of 

examinations. 

Psycl~ological and cognitive factors also contribute to the difficulties in learning 

n~athematics. Students' psychological and cognitive readiness iilfluences the 

ability of these students to learn mathematics. Students who have negative 
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attitudes towards learning mathematics, lack of self-discipline, and have a high 

level of anxiety will encounter difficulty in learning mathematics. 

Positive attitude towards mathematics is a prerequisite if a student is to succeed in 

learning mathematics. It is this psychological barrier that inhibits many students 

from performing well in mathematics. Students who view mathematics as 

difficult, uninteresting, meaningless, boring and who hate or even fear 

mathematics, will, certainly, encounter not only learning difficulties. but they ma!! 

also be in a situation of total mental blockage towards the subject. Mathematics 

achievements and attitude towards mathematics are highly correlated (Cheung. 

1988). 

Accordiilg to Aiken (1986), attitude towards matllematics develops as soon as 

children are exposed to the subject, but the age 1 1  - I 3  appear to be pal-ticulal-1:. 

important. At this time, negative attitude becomes especially noticeable. It is still 

not clear whether'the increase in negative attitude at this stage of development is 

due to greater abstractions of mathematics material to be learned. to social or sex 

preoccupations, or to some other factors. 

The structure of mathematics knowledge is hierarchical in nature. Mathen~atics 

lessons are usually taught sequentially. Topics are properly sequenced so that a 

topic, which is a prerequisite to another topic. is taught first. Within a particular 

topic. the subtopics are taught in a proper sequence. The understa~~ding 01' :I 

particular subtopic is dependent upon understanding the earlier subtopics. Duc to 
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tllis hierarchical structure, students who have self-disciplinary problems such as 

not attending class, unable to finish homework for a particular subtopic 011 time. 

will face difficulty in learning mathematics. Students have to be at the same level 

of learning sequence with their tqacher at all times. Students who have problems 

in learning mathematics are the ones who are always left behind in their work. 

While the teacher has progressed to a new chapter, these problematic students are 

still struggling to finish the work and to try to understand the earlier chapter. 

Anxiety is a common experience in mathematics learning situations. The 

difficulty in understanding the material being taught in class, and the fear of 

failure in tests will give rise to anxiety. The more anxious the students become. 

the harder they try, but the worse they are able to perform. This is because the 

reflective activity of intelligence is most easily inhibited by anxiety (Skemp. 

1986). In learning situations which require students to think abstractly and reflect. 

it is important that anxiety is kept to the minimum level. 

Cognitive readiness is an important factor in determining the ability of students to 

learn mathematics. To learn mathematics successfully at the secondary school 

level, the students' cognitive structures have to be at the stage where they are able 

to think abstractly and reason logically. According to Piaget's theory of cognitive 

development, excellence in mathematics requires that one is able to operate at the 

level of reflective thinking. Greater awareness and emphasis should be given 

towards greater understanding of the mental processes involved in the learning of' 

r~~athel~~at ics  in school. 
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Inappropriate teaching strategies call also give rise to difficult> in  leal-nin~ 

mathelnatics on the part of the students. Skemp (1986) claimed that the leal-ning o f  

mathematics, especially in its early stages and for the average students. is \lei-! 

dependent on good teaching. To know mathematics is one thing and to able to 

teach it - to communicate it to those at a lower conceptual level - is quite another. 

and he believed that it is the latter which is most lacking at the illoment A \  a 

result, many people acquire at school a lifelong dislike. and even fear. of' 

mathematics. 

Teachers' views and beliefs about learning process, particularly about lio~\. 

students learn n~athematics, will influence the kind of teachin? strategies tliat the!- 

will use in class. Many studies have shown that students are not equipped \\-it11 

necessary knowledge, skills, beliefs, and motivation to approach new- pl-oblems 

and learning tasks in an efficient and successful way ( De Corte. 1995). Greeno 

(1 99 1) su~llniarised the prevailing learning activities as fo1lou;s: 

''117 most schools, 111hat students mostly do i s  listen I I ' N I C ~ ~  U I W J  1 7 1 1 1 7 7 1 ~  

lhiizgs trhar the teacher and the textbook tell and sho14 lhe171 I f  . $ ~ I I ~ o I ~ / <  

ej~i.ste~nologzc~ u1.e ~nfluenced at all by the exper-1ei7ce.c. /he\ 17cn.e. / / 7 ~ 1 1  ~ i l o \ i  

sf zrdcnts probably leurn 17zathenzatics ktzo~lledge is a for-177 of 1.ccc11.cd k n o ~  I /c~/::c 

not .something thut is constructed either personally or .~ociull\~ " 

Teachers who view learning activity as a passive process on the past of' the 

students will adopt teaching strategy where students play a passive ]-ole in  cl:15..;. 
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Teacher plays the active role of transmitting the knowledge. and t11e students' job 

is to record and absorb a collection of pre-specified mathematics facts. rules and 

procedures. The approach used is mostly rote-memorising, procedural and 

instrumental learning. On the other hand, another view is that students play the 

active role in learning process. Students actively negotiate and collstruct meaning. 

and build up knowledge by connecting to the earlier knowledge structure that they 

have constructed. Learning, viewed in this perspective, will lead teachers to use a 

different strategy in classroom, where the role of the teacher will be more of a 

facilitator than a transmitter in the learning process. 

Students have their own preferred ways learning. or learning styles. Learning 

styles are stable characteristics of individuals. When engaging in learning tasks or 

activities, individuals will consistently use their preferred leanling styles. This 

research will look into the subject of learning styles and how they affect 

performance in mathematics. For this research, the researcher will focus on the 

model of learning styles that was proposed by Kolb (1 985). 

According to Kolb's model of learning styles, individuals perceive inforlnation 

on a conti~luum ranging from concrete experience to abstract conceptualisation. 

and they process illformation on a continuum ranging fi-on1 active experimentation 

to reflective observation.. Concrete experience, abstract conceptualisation. active 

experimentation, and reflective observation are the four inodes of learning in the 

Kolb's model. 
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Kolb (1985) identified four learning styles, and proposed these four names 10 

describe learners according to their learning styles: Converges. accommodato~-. 

diverger. and assimilator. Convergers are individuals who have the ability to appl! 

ideas through hypothetical-deductive reasoning. Their nlodes of learning are 

abstract conceptualisatio~~ and active experimentation. These learners like learning 

activities that involve abstract ideas and concepts, and they like to do things and 

play an active role in the learning activities. 

Accommodators are individuals who are able to adapt to new situations. and a]-r 

able to solve problems through trial and error method. Concrete experience and 

active experimentation are their modes of learning. These learners like learning 

activities that involve concrete objects and situations. and they take an active past 

in the class. 

Divergers are individuals whose modes of learning are concrete experience and 

reflective observation. They are reflective in nature. and are good at exploring 

concrete situations from many angles. Being reflective in nature. they usuall! do 

not like to do things and do not play an active role in the learning process. 

Assimilators are individuals who are good in overcolning problen~s through 

inductive reasoning. Their modes of learning are abstract conceptualisation and 

reflective observation. High achievers in mathematics are usually convergers and 

assimilators who have abstract coilceptualisation as their ~uode of learning. 1-hest. 

learners are very good in dealing with abstract ideas and concepts. 
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1.2 Research Objective 

The objective of the research is to investigate and seek reasonable answers to the 

proBlem of difficulty in learning mathematics as experienced by many students in 

secondary schools in Malaysia. Particularly; this research seeks to study ~vhy 

many students, including those good selected students studying in premier fully 

residential schools, fail to perform satisfactorily in mathematics, especiall>, 

additional mathematics, at form five level. 

The problem of students failing in mathematics can be attributed to many factors. 

Some people like to blame the schools for their bad management. lack of' 

facilities, and school environments which are not conducive for learning. Others 

may put the blame on teachers for their ineffective ways of teaching. There are 

also people who do not like to blame anybody because they believe mathenlatics 

is indeed difficult, and it is a subject for the gifted few. The root of the problem 

nlay be the students themselves because they are lacking in self-discipline and 

lazy. or because they just do not have the mental aptitude to learn the subject. 

The focus of this research is on the students. The purpose of the research is to 

look into the factors within the students, and to study how these internal factors 

are related to the students' achievements in mathematics. The following internal 
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factors will be considered as independent variables. which influence the studel~ts' 

level of achievements in mathematics: 

Psychological readiness: Many students have difficulty in learning 

mathematics because in their minds they have developed a psychological 

blockage or barrier towards the subject. These students are not 

psychologically ready to learn mathematics. Psychological readiness will be 

studied on these four aspects: 

1) Students' attitudes towards the subject 

11) Mathematics anxiety 

111) Motivation to learn mathematics 

IV) Personality and behavioural characteristics such as hardworking. 

finishing work on time, self disciplined. obedient. patient and 

compulsive/reflective personality. 

Four tests, in the form of questionnaires will be coilducted to determine the 

scores of the four sub-variables above. The questionnaires will be in the form 

of likert scale. The respondents will be asked to choose whether they strongl! 

agree. agree. uncertain, disagree or strongly disagree to the questioll asked. 

High scores in each of the four tests indicate that the respo~ldents have positive 

attitudes towards learning mathematics, low level of mathematics anx ie~~ . .  

high motivation. and positive personality and beha\~ioural characteristics. 
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Psychological readiness is the sum of the scores of the four tests. High scol-cs 

indicate that the students are psychologically ready to learn mathematics. 

Cognitive ability: According to Piaget's theory of cognitive development. 

children by the age of 11 will move from the level of concrete operatio~lal 

into the level of formal operational. At this level of cognitive development. 

children are able to operate in logical and abstract thinking. Tests will be 

carried out to determine whether students in secondary schools (form 4 and 5 )  

have fully matured into the formal operational level of cognitive development. 

Because of the logical: abstract and conceptual nature of n~athematical 

knowledge, the ability to learn mathematics depends 011 the nlental ability of' 

the students to think and operate beyond the concrete level. Cognitive abillt? 

test will be carried out. The test will include items which are related to 

numerical, abstract reasoning and logical thinking abilities. 

Learning styles: This research seeks to determine whether students. learning 

styles are related with their mathematics achievements. Researchers in this 

field have identified many learning styles such global/analytic. left brainlrigl~r 

brain, and field dependencelfield independence. For this research. tile 

researcher will focus on learning styles as proposed by Kolb ( 1  985). 

~cco rd ing ' t o  Kolb (1985),  learners can be grouped into these four learning 

styles: Accommodator, diverger. assimilator and converges. Kolb's learning 

styles inventories will be used to determine students' learning styles. Aftel- 
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identifying students' learning styles, correlation tests will be carried out  to 

determine whether learning styles are related to achievements in mathematics. 

Students' learning strategies: This research will look into strategies that 

students use in the process of acquisition of mathematical knowledge. The 

strategies which will be investigated are rote learning strategy. 

algorithmic/procedural learning strategy, surface and deep processing strategy. 

and meaningful learning strategy. Tests will be given to determine which 

particular strategy that a student uses in learning mathematics. The 

relationship between learning strategies and mathematics achievements will be 

analy sed. 

1.3 Statement of Research Problem 

The focus of this research is on the internal characteristics of the students. and the 

influence of these internal characteristics on mathematics achievements. The 

internal characteristics include the psychological and cognitive aspects of the 

students. The difficulties that the students encounter in learning mathematics can 

be attributed to the unfavourable internal characteristics within themselves. The! 

are not psychologically and cognitively ready to learn matl~ematics. The problem 

of the research is to identify these internal characteristics and determine whethel- 

relationships exist between these internal characteristics and the students' 

achievements in mathematics. 
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Seven internal characteristics have been identified, and they are listed below. Thc 

first four characteristics are psychological and the other three are cognitive in  

nature. These are the seven factors which will be studied with regard to their 

relationships with mathematics achievements. 

1 .  Attitudes toward mathematics 

2. Mathematics anxiety 

3. Motivation to learn mathematics 

4. Personality and behavioural characteristics 

5. Cognitive readiness. 

6 .  Students' learning strategies. 

7.  Students' learning styles. 

Respondents for the research will comprise of three non-homogenous groups: 

Very excellent students, good students and weak students. Besides analysing 

relationships between achievements in mathematics and the seven variables 

above. comparative analysis will also be carried out to determine whether there 

are significant differences in the scores of the seven variables above among the 

three groups. The dependent variable for this research is the students 

achievements in mathematics (SAM). SAM is determined by the scores that the 

students get in the Trial Sijil Peperiksaan Malaysia (SPh4) Examination for 

n~athematics and additional mathematics. SAM will be the mean of the two 

scores. Trial examination is given in about two months before forill five students 

sit for the real SPM examination in November. 

The research problem can be broken into seven research questions: 
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RESEARCH QUESTION 1 : 

Does relationship exist between students' achievements in mathematics (SAM)  

and their attitudes towards mathematics? 

Coinparative analysis: Do students in the three groups , show sigllificaill 

differences in their attitudes towards mathematics? 

RESEARCH QUESTION 2: 

Does relationship exist between SAM and students' level of mathematics anxiety? 

Comparative analysis: Do students in the three groups show significant 

differences in their level of mathematics anxiety? 

RESEARCH QUESTION 3:  

Does relationship exist between SAM and students' level of motivation to study 

mathematics? 

Coinparative analysis: Do students in the three groups show sigilificant 

differences in their level of motivation to study mathematics? 

RESEARCH QUESTION 4: 

Does relatioilship exist between SAM and students' personality and behavio~iral 

characteristics such as hardworking, finishing work on time. self disciplined. 

obedient. patient and compulsive/reflective personality? 

Coinparative analysis: Do students in the three groups ~ 1 1 0 ~ 1  significant 

differences in their personality and behavioural characteristics? 
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RESEARCH QUESTION 5: 

Does relationship exist between SAM and students' scores in cognitive readiness 

test? 

Comparative analysis: Do students in the three groups show significal~t 

differences in their cognitive readiness test scores ? 

RESEARCH QUESTION 6:  

Does relationship exist between SAM and students' learning styles ? 

Comparative analysis: Do students in the three groups show significant 

differences in their learning styles? 

RESEARCH QUESTION 7: 

Does relationslip exist between SAM and students' learning strategies? 

Comparative analysis: Do students in the three groups show significailt 

differences in their strategies towards learning mathematics? 

1.4 Hypotheses 

The following hypotheses are made based on the research questions ~ne~ltio~led 

earlier. For inter-groups comparative analysis, the three groups are labelled as: 

Very excellent students group = VESG 

Good students group = GSG 

Weak students group = WSG 
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HYPOTHESIS 1 : 

Students with higher achievements in mathematics will have liiglier scores in thc 

test of attitudes towards mathematics (higher score means more positive attitudes). 

Null hypothesis : There is no significant relationship between SAM and their 

scores in the test of attitudes towards mathematics. 

HYPOTHESIS 2: 

Students with higher achievements in mathematics will have higher scores in 

mathematics anxiety test (higher score means lower level of anxiety). 

Null hypothesis : There is no significant relationship between SAM and their 

scores in mathematics anxiety test. 

HYPOTHESIS 3: 

Students with higher achievements in mathematics will have higher scores in the 

test of motivation to study mathematics (higher score means higher motivation). 

Null hypothesis : There is no relationship between SAM and their scores in the 

test of motivation to study mathematics. 

HYPOTHESIS 4: 

Students with higher achievements in mathematics will have higher scores in the 

test of personality and behavioural characteristics (higher score nleans positive 

persoilality and behavioural characteristics such as hardworking. always iinisl~i~ig 

work on time, obedient, patient, and reflective personality). 
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Null hypothesis : There is no relationship between SAM and their scores in the 

test of personality and behavioural characteristics. 

HYPOTHESIS 5: 

Students with higher achievements in mathematics will have higher scores in 

cognitive readiness test. 

Null hypothesis : There is no relationship between SAM and their scores in 

cognitive readiness test. 

HYPOTHESIS 6: 

Achievements in mathematics are positively related with abstract 

coilceptualisation mode of learning . 

Null hypothesis : There is no significant relationship between achevements in 

mathematics and abstract conceptualisation mode of learning. 

Note: Abstract conceptualisation is the mode of learning of convergers and 

assimilators. ~ o l b ' s  Learning Style Inventories (1985) will be used to determine 

the students' modes of learning and their learning styles. 

HYPOTHESIS 7: 

Students with high achievements in mathematics will score higher in the test of' 

learning strategies. 

Null hypothesis : There is no relationship between SAM and their scores in the 

test of learning strategies. 
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Note: Learning strategies range from the very crude method of rote-inemorising to 

the more sophisticated approach of meaningful learning. High scores in the test of' 

learning strategies indicate that the students' strategy in learning is 01-iented 

towards meaningful learning. 

The following hypotheses, 8 to 14, are for inter-groups comparisons: 

HYPOTHESIS 8: 

In the test of attitudes towards mathematics, the mean score of VESG is higher 

than the mean score of GSG, and the mean score of GSG is higher than the mean 

score of WSG. 

Null hypothesis : There is no significant differences in the mean scores of' the 

three groups in the test of attitudes towards mathematics. 

HYPOTHESIS 9: 

111 the mathematics anxiety test, the mean score of the VESG is higher than the 

mean score of the GSG, and the mean score of the GSG is higher than the mean 

score of WSG. 

Null hypothesis : There is no significant differences in the nleail scores of the 

three groups in the mathematics anxiety test. 
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HYPOTHESIS 10: 

I11 the test of motivation to study mathematics, the mean score of VESG is higher 

than the score of GSG, and the mean score of the GSG is higher than the lneaq 

score of WSG. 

Null hypothesis : There is no significant differences in the mean scores of the 

three groups in the test of motivation to study mathematics. 

HYPOTHEIS 1 1 : 

In the test of personality and behavioural characteristics, the mean score of VESG 

is higher than the score of GSG, and the mean score of GSG is higher than the 

mean score of WSG. 

Null hypothesis : There is no significant differences in the mean scores of the 

three groups in the test of personality and behavioural characteristics. 

HYPOTHESIS 1 i: 

In the cognitive readiness test, the mean score of VESG is higher than the mean 

score of GSG: and the mean score of GSG is higher than the mean score of WSG. 

Null hypothesis : There is no significant differences in the mean scores of the 

three groups in the cognitive readiness test. 
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HYPOTHESIS 1 3 : 

In the test of mode of learning for abstract conceptualisation. the mean score of 

VESG is higher than the mean score of GSG. and the meail score of GSG is , 

higher than the mean score of WSG. 

Null hypothesis : There is no significant differences in the meail scores of the 

three groups in the test of mode of learning for abstract conceptualisation. 

HYPOTHESIS 14: 

In the learning strategies test, the mean score of VESG is higl~er than the mean 

score of GSG, and the mean score of GSG is higher than the mean score of \VSG. 

Null hypothesis : There is no significant differences in the m e n  scores of' the 

three groups in the learning strategies test. 

1.5 Expectations of Research 

1.  Attitudes towards mathematics: 

High achievers in mathematics have positive attitudes towards mathemarics 

Attitudes towards mathematics and acllievemellts in mathematics are 

positively related. Students' achievements in mathenlatics (SAM) are expected 

to have a significant and positive correlation with scores in the test of attitudes 

towards mathematics. For inter-groups comparisons. the mean score of \lei.! 

excellent students group (VESG) is expected to be higher than the llleail of the 
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mean of goog students group (GSG), and the mean of GSG is expected to bc 

higher than the weak students group (WSG). 

2. Motivation to study mathematics: 

With strong motivation, students are, expected to perform better in 

mathematics. SAM are expected to be positively correlated with scores in the 

test of motivation to study mathematics. For inter-group comparisons. the 

mean score in the motivation test of VESG is expected to be l~igl~er  than the 

mean score of GSG, and the mean score of GSG is expected to higher than the 

mean score of WSG. 

3. Mathematics anxiety: 

High mathematics anxiety will result in poor performance in mathematics. 

High level of anxiety creates disturbance in the mind and the thinking 

processes. SAM are expected to correlate positively with scores 111 

mathematics anxiety test. In the mathematics anxiety test. high scores ~ v i l l  

indicate low level of mathematics anxiety. For inter-groups comparison. the 

mean score in the mathematics anxiety test of VESG is expected to be 11ighe1. 

than the mean score of GSG, and the mean score of GSG is expected to he 

higher than the mean score of WSG. 

4. Personality and behavioural characteristics: 

High achievers in ~nathematics are the ones who have positive personality and 

behavioural characteristics. SAM are expected to be positivelj? correlated wit11 
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scores which indicate positive personality and behavioural characteristics. In 

the personality and behavioural characteristics test. high scores will indicate 

positive personality and behavioural characteristics. For inter-groups 

comparisons, the mean score in the personality and behavioural characterist~cs 

test of VESG is expected to be higher than the mean score of GSG. and the 

mean score of GSG is expected to be higher than the mean score of the WSG 

5. Cognitive readiness: 

Cognitive readiness test will give scores which will indicate the students- 

ability to perform operations involving numerical. quantitative, abstract 

reasoning, and logical thinking skills. SAM are expected to have a positive 

coi-relation with scores in the cognitive readiness test. For inter-groups 

comparison, the mean score in the cognitive readiness of VESG is expected to 

be higher than the mean score of GSG, and the mean score of GSG is expected 

to higher than the mean score of WSG. 

6. Learning styles : 

The dominant inode of learning of high achievers in mathematics abstract 

conceptualisation. SAM are expected to have a positive correlatioil with high 

scores in the abstract conceptualisation mode of leaiming. The learning styles 

of high achievers in mathematics are convergence and assimilation. For inter- 

groups comparison, the mean score in the abstract coi~ceptualisation n~ode of 
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learning test of VESG is expected to be higher than the mean score of GSG. 

and the mean score of GSG is expected to be higher than the mean score of' 

WSG. The number of convergers and assiinilators is expected to be larger 111 

VESG than in GSG, and the number convergers ,and assimilators is expected 

to be larger in GSG than in WSG. 

7. Learning strategies: 

SAM are expected to have a positive correlation with high scores in learning 

strategies test. High scores in learning strategies test indicate that students' 

learning strategy is oriented towards meaningful leanling as opposed to rote 

memorising. For inter-groups comparison, the mean score in the learning 

strategies test of VESG is expected to be higher than the mean score of GSG. 

and the mean score of GSG is expected to be higher than the mean score of 

WSG. 

1.6 Significance of Research 

Mathematics is an important subject. Requirenlents of admission into 

institutions of higher learning in Malaysia usually include good grade in  

n~athematics at SPM level. The purpose of this research is to identify factors 

which influence students' performance in mathematics. By understanding 

these factors, efforts can be made to overcome these factors in order to raise 

the perfornlance of students in mathematics. 

ha
k M

ilik
 M

ARA



Factors within the students are the focus of this research. Teachers and 

students themselves can act on these factors so that they (the students) will be 

better learners of mathematics. 

This research will identify characteristics of students who are good and weak 

in mathematics. By understanding these characteristics. students will know 

what it takes, and what changes they need to do within then~selves, in order to 

succeed in learning mathematics. 

The instruments used in the research can be used for diagnostic purposes. and 

from here remedial programs can be formulated for students who are weak in 

mathematics. 

Students' achievements in mathematics (SAM) are dependent on these seven 

variables: Attitudes towards mathematics (s):   no ti vat ion (t), mathenlatics 

anxiety (u), personality and behavioural characteristics (v), cognitive readiness 

(w). learning styles (x), and learning strategies (y). Through multiple 

regression analysis, an equation which relates SAM to the seven variables can 

be obtained. 

SAM = f (s,t.u,v,~i.x,y) 

The equation above call be used for prediction purposes. The instruments of' 

the research can be given to students, and after knowing the scores 01' the 
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seven variables. we can predict how these students will perforln in 

mathematics by using the above equation. 

The findings of this research can be used to formulate programs in secondary 

schools to help students achieve better performance in mathematics. 

1.7 Definition of the Main Terms 

1. ATTITUDES 

An internal state within a person which causes the persoil to give a coilsistellt 

respond, either positively or negatively, towards other persons. objects. 

situations, events, or ideas. This internal state includes the person's beliefs and 

feelings towards the object or situations, and these beliefs and feelings 

determine how the person will respond towards the object or situation. 

2. MOTIVATION 

It is a force within a person which energises, sustains, and directs beha\~iour 

towards performing a task or achieving a goal. Motivation, which can be ritiler 

extrinsic or intrinsic, energises and drives an individual towards achieving a 

goal. 
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3. MATHEMATICS ANXIETY 

A state or condition where a person experiences feelings of uneasiness. 

tension and fear when the person is in a mathematics class or performing 

learning tasks involving mathematics. Besides feeling tensed and uneasy. the 

person inay be in unpleasant physical conditions such increasing heart beat 

and sweaty palms. 

4. COGNITIVE READINESS 

To learn mathematics successfully, the students must be ready cognitively for 

the subject. Mathematics is abstract and conceptual in nature. The students 

cognitive development must be in the formal operational stage. At this stage. 

students are able to think logically, and are able to understand abstract 

coilcepts and ideas. 

5. LEARNING STRATEGY 

It is an approach that students use i11 order to learn and acquire nen 

knowledge and information. The strategies can change according to situations 

and types of learning tasks. Students' ways of lear~liilg can range froin the 

lrery crude method of rote-memorising to the more sophisticated method of' 

lneailiilgful leari~ing. 

6. LEARNING STYLES 

It refers to the habits of individuals in the ways they coilsistently perceive and 

process information in a learning situation. These habits are st:lhlc 
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characteristics of individuals. Individuals may prefer to perceive and process 

information sequentially part by part or in whole. 

7. ACCOMMODATORS 

These are individuals whose learning style is characterised by concrete 

experience and active experimentation. They perceive information througll 

concrete experience which involves relating to personal experience. feeling. 

and intuition. They process information -by actively doing things and 

experimenting with the new ideas. 

8. DIVERGERS 

Like accornmodators, divergers perceive information through concrete 

experience. However, when it comes to processing, they are more reflective in 

their approach. Their mode of processing is reflective observation 

9. CONVERGERS 

Convergers are individuals who perceive information through abstract 

conceptualisation. These individuals are competent at learning abstract ideas 

and concepts. Like accommodators, their mode of processing information is 

through active experimentation. 
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10. ASSIMILATORS 

Assiinilators are good at learning abstract concepts and ideas, and they are 

reflective in nature. Their style of learning is cl~aracterised by abstract 

conceptualisation and reflective observation. 
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CHAPTER 2 

LITERATURE. REVIEW 

2.1 Attitudes Towards Mathematics 

In the early study of attitude, it was viewed as a simple concept, wl~ich is the 

amount of affect a person has for or against an object. Later. Allport (1 935). 

proposed a broader definition: " Attitude is a mental and neural state of readiness 

to respond, organised through experience, and exerting a directive and/ol- 

dynamic influence on the behaviour". Ajzen (1988) defines attitude as "a 

disposition to respond favourably or unfavourably to an object, person, institution 

or event". 

Triandis (1 97 1) and Ajzen (1 988) view attitude as a multi-dimensional construct 

with the following three interwoven components: 

i Cognitive : Expressions of beliefs about an attitude ob.ject. 

i Affective: Expressions of feelings towards an attitude object. 

k Conative: Expressions of behavioural intention. 

There has been much discussion about this ~nultidinlensional construct w i t h  

regard to belief. Silver (1985) and Schoenfield (1985) (cited in McLeod. Ic18c). 
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p.32) expressed the view that belief systems lie on the border between cognition 

and affect, whereas Oppenheim (1966) views beliefs as being in the upper layer 

of consciousness, with attitudes and values being in the lower levels. 

Encyclopaedia Britannica (1978) defines attitudes as pre-dispositions to class~fy 

sets of objects or events and to react to them with soilze degree of evaluatl\.e 

consistency. Attitudes are not objectively observable, but they can be inferred 

through responses to questionnaires, gross behaviours and physiological 

symptoms. An attitude is more enduring than a mood or whim, and the response 

that it produces is consistent. The difference between attitude and other terins 

such as value, interest, sentiment, belief and opinion is one of the degree of 

specificity or exclusiveness rather than of kind. Attitudes are viewed as more 

narrow pre-dispositions when compared to values, interests and sentiments. 

Beliefs and opinions are more narrow or specific when coinpared to attitudes. 

This is illustrated in the box below: 

Values 

Interests 

Sentiments 

Attitudes 

Beliefs 

Opinions 

Broad 

Degree of specificity 

.. or exclusive~~ess 

Narrow 
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Aiken (1985) contended that attitudes towards mathematics begin developing as 

soon as children are exposed to the subject, but the age of 1 1 to 13 years appears 

to be particularly important. He claimed that this is the time when negative 

attitudes towards mathematics become very noticeable. It is not clear whether the 

increase in negative attitudes at this stage of development is due to greater 

abstractions of the mathematical knowledge to be learned. to social or sex 

preoccupation, or to some other factors. 

Goodlad (1 984) studied more than 17,000 young students regarding their 

attitudes towards mathematics. The study found that mathematics was rated the 

saine as reading in a list of subjects which they like, after art and physical 

education. Carpenter, Corbitt, Kepner, Lindquist, and Reys (1981), in the 

National Assessment of Educational Progress, found that 9-year old students 

ranked mathematics as their best-liked subject; 13-year old students ranked it 

second best; and 17-year old students, in contrast to the younger students, ranked 

i t  as their least-liked subject. 

These research studies indicate that children are not born with negative attitudes 

towards mathematics. Instead, negative attitudes towards mathelllatics develop 

over time, especially during adolescent years. Many research studies on attitudes 

towards matl~ematics have shown that significant declines in positive attitudes 
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towards mathematics occur during adolescent years (Brush. 1979; Wigfield Bi 

Eccles, 1994; Wigfield. Eccles, Mac Iver, Reuman, & Midgley. I 99 1 1. 

Cheung (1988)' in his study of mathematics achievement and attitudes towards 

mathematics among form one students in Hong Kong, found that mathematics 

achievement and attitudes towards mathematics are related. He found that 

mathematics achievement was highly correlated with these three attitude 

components: 

+ Mathematics and myself : A measure of the students' own estimation of their 

abilities in doing mathematics. 

+ Mathematics and society : A measure of the students' perception of the 

usefulness of mathematics in society. 

+ Mathematics and create : A measure of the students' perception of 

mathematics as a creative subject. 

Promoting students' attitudes in these dimensions is likely to result in an increase 

in mathematics achievement in subsequent years of schooling. He suggested that 

more enlphasis should be given in fostering favourable attitudes as a llleans to 

enhance nlathenlatics achievement, especially for under-achievers. 

In Thailand, Kreangsak Prowsri and Dr. Prapon Jearakul (1  986) investigated the 

relationships of several variables to mathematics achievements of Thai school 

students. The variables that they investigated were logical thinking abilit~'. ses. 
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home background. attitude towards mathematics and interest in mathematics. 

They found that logical thinking ability, attitude towards mathematics and 

interest in mathematics correlate significantly with mathematics achievement. 

2.2 Motivation to Study Mathematics 

According to Encyclopaedia Britannica (1978), the word motivation originated 

from Latin word, motivus, which means a moving cause. Motivus is derived from 

Latin word, motus, which means moved. Motivation refers to the causes of' 

behaviour, which are whatever within the individual that incite action. Success is 

usually associated with high motivation, whereas failure is due to lack of 

motivation. Motivation is an internal condition which drives a person to achieve 

his goal. A person with high motivation will show characteristics such as high 

energy. sense of direction, commitment and strong determination. 

According to Baron (1992) and Schunk (1990), motivation is a force that 

energises, sustains, and directs behaviour towards a goal. Researchers have found 

that motivation and achievement have a strong and positive correlation (Pintrich 

& Schunk, 1996; Wang, Hartel, & Walberg, 1993). Students who are moti\~c?ted 

are always eager to learn, give more effort, and persist in the face of difficulty 

(Stipek, 1996). 
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Motivation can be categorised into two types - extrinsic and intrinsic motivation. 

According to Pintrich & Schunk (1996), extrinsic motivation refers to motivation 

to engage in an activity as a means to an end, whereas intrinsic motivation is 

  no ti vat ion to engage in an activity for its own sake. Extrinsically motivated 

students study because of some external *rewards such as high grades 01- 

compliments from others. On the other hand, intrinsically ~notivated students 

study because they find learning enjoyable and worthwhile. 

Extrinsic and intrinsic motivation vary with different situations, and change over 

time. Ideally, students should be intrinsically motivated. Research has shown that 

students who are intrinsically motivated achieve higher than those who a]-e 

extrinsically motivated (Gottfried, 1985). Giving rewards to motivate students 

should be done with caution because research has indicated that offering rewards 

for engaging in intrinsically motivating tasks decreases interest in the task (Desi 

&: Ryan. 1987; Schwartz, 1990). 

Hull (1943) viewed motives as internal states that set behaviour in motion. 

Central to his viewpoint are these two concepts: Needs and drives. A need is the 

lack of a biological essential like food or water. A drive is the state of tensiol~ or 

arousal produced by a need. When a need arises. a person experieilces a drive. 

When experiencing a drive, the person's internal state gets out of balance. The 
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person feels tensed and aroused, and this condition urges the person to find 

appropriate actions in order to satisfy that need. 

According to Hull (1943), there are two types of drives: Primary and acquired. 

Primary drives are drives within individuals that are triggered by biological 

needs. Acquired drives are drives acquired through a process of association with 

primary drives. They are like desires for wealth, love or music. All psychological 

motives are acquired drives. 

2.2.1 Human Needs 

Murray (1938). who studied human motivation, identified several human needs. 

According to him; people differ in the characteristics and strength of their needs. 

For example, some people have strong need for achievenlent and a weak need for 

dominance. The strength and combination of needs that people have are usuall) 

not the same. In response to these needs, people are driven to behave in various 

ways and patterns so as to satisfy the needs. Below is the list of 21 human needs 

as identified by Murray: 

1 .  Abasement : Need to submit to external forces, to comply, to accept 
punishment. 

2. Achievement : Need to accomplish, to overcome obstacles, and to do 

sometl~ing difficult. 
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3. Affiliation : Need to form and maintain friendship, to live with others. to co- 

operate. and to love. 

4. Aggression : Need to overcome opposition, to assault, to injure. to belittle or 

accuse another person. 

5. Autono~ny : Need to be free of restraint, to resist influence. and to detk 
autl~ority. 

6. Counteraction : Need to make up for failure, to refuse defeat, and to defend 

honour 

7. Defensive : Need to defend against criticism, to justify one's action. to offer 

explanations and excuses. 

8. Deference : Need to admire a superior, to co-operate with a leader. and to 

serve another person. 

9. Dominance : Need to control one's environment, to persuade. to lead and 
direct. 

10. Exhibition : Need to make an impression, to attract attention to oneself. and io 

excite others. 

11.  Harm-avoidance: Need to avoid pl~ysical karm, to escape danger. to take 

precaution, 

12. Inferior-avoidance : Need to avoid humiliation. to avoid fail~ue. and to hide 
shame. 

13. Nurturance: Need to assist the helpless, to express sympathy. to nourish 
another. 

14. Order : Need to put things in order, to be tidy, and to act precisely. 

15. Play : Need to have fun, to seek di\lersion, and to laugl~. 
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16. I'ower : Need to have an impact 011 others. to he in charge of' pcoplc ;111cl 

situations. 

17. Rejection : Need to snub. to reject. and to be aloof. 

18. Sentience : Need to seek and enjoy sensuous feelings. 

19. Sex : Need to form and maintain an erotic relationship. and to have sesaai 

intercourse. 

20. Succourance : Need to have one's need gratified by another. to seeli aid. and 

to be dependent. 

21. Understanding : Need to ask and answer questions. to analyse experiences. 

and to discriminate among ideas 

2.2.2 Hierarchy of Needs 

Tllere are vai-ious moti\res that arouse and drive people to behave i i ~  sorn~, 

particular ways or pattenis. An attempt was made by Abraham A4aslon ( 1 C)70 to 

s>.stemise humai1 motives. and he suggested that hunian rnoti1.e~ are arrangcd 

according to a hierarchy of needs. as illustrated in figure 2.1 . 
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Figure 2.1 Maslow's Hierarchy of Needs 

According to Maslo\v (1970). people have a variet!. of' needs which can 1~ 

arranged in a hierarchy according to the order in which t l ~ e ) ~  are satisfied. Needs 

at the botto11-1 of the hierarchy must be satisfied first before higher needs call arise 

and be attended to. People who do not have h o d  and s1ielte1-. lo r  csan~ple. \\ i l l  

not be concerned \vitli higher needs like attachment or sell-esteel-n. 

42 

ha
k M

ilik
 M

ARA



The needs in the bottom four -- physiological. safety, attachment and self-esteem 

-- are categorised as deficiency needs. These needs. when deficient or unfulfilled. 

energise and drive people to satisfy them. Until these needs are fiilfilled. people 

are not likely to move to higher ones 

When these deficiency needs are fulfilled, higher needs in the top three of the 

hierarchy will become relevant and be attended to. The needs in the top three of' 

the hierarchy -- intellectual achievement, aesthetic and self-actualisation -- are 

called growth needs. According to Maslow, people respond to growth nerds 

differently than they do to deficiency needs. Unlike deficiency needs which can 

be met or fulfilled. grow~h needs can never be satisfied. This is because gro\mh 

needs always expand and grow as people have experiences wirh them. For 

example. in intellectual achievement need, when a person understands a 

particular area of knowledge. his or her desire to know and learn nlore of that 

knowledge increases or keeps growing. Thus, the need is called growth need. 

In his study of self-actualisation, Maslow (1968) found that people. who have 

first fulfilled their deficiency needs, move on to higher needs and strive for sell- 

actualisation. I-Iowever. very few of these people. less than one percent. t.\ el- 

reach the level of self-actualisation. Among indi\riduals who117 h4r?slo\x; studied 

and believed to be self-actualised are Thomas Jefferson. Albert Einstein and 

Eleanor Roosevelt. 
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Maslow's work has great implications in the field of education. Cl1ild1-en who ai-c 

tired. h u n ~ r y  or emotionally unstable. will not have the motivation to learn in the 

classroom. In pursuing academic excellence. students nlust respo~~d to the to thc 

fifth need in the Maslow's hierarchy of needs. which is the need for intellectual 

achievement. This need will not be aroused in the students if the lower deficienc~ 

needs are not fulfilled first. 

Teachers sl~ould create learning environment where students feel fi-ee fi-om 

j.~h\.sicaJ or emotional harm. Blurnenfield (1 992 j. Brophj. and Good ( 1 986 and 

h4cCombs (1998) found that students who feel threatened by potential 

embarrassment or who work ill an unsafe and disorderly en\.ironment. are less 

motivated to learn and achieve less than those who learn in stable and safe 

environment. 

2.2.3 Achievement Motivation 

Achievement motivation has been the object of much discussion and research 

among educational psycl~ologists. Achievement moti\,ated students are the ones 

who perform excellently in their study and stand up as high achie\~e?.s in scl~onls. 

.4cl1ievement motivation is the need to accon~plish son~ething difficult in 

situations that are characterised by a standard of excellence (Murray. 1938). I t  is 

a drive to excel in learning tasks and the capacity to esperiel~ce pridc In 

r~ccomplishment (Atkillson. 1980. 1983). 
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According to Atkinson (1980), it is important that acli~eve~iient 1iioti\:at1011 I S  

aroused in students because it will direct students to\krasd accn~nplishrnen~ 01' 

academic excellence. and at the same time it will reduce the need to avoid failill-c. 

Achievement motivated students like challenging tasks. high grading standal-ds. 

and opportunities to try their best in testing situations. In contrast. students \vlio 

are nlotivated because of a need to avoid failure tend to avoid challeiiging  task^. 

experience anxiety in tests. prefer easy grading. and seek protection ii.0111 

embai-rassn~ent for failure. 

Acadenlic achievement depends very much on the students' coli-,liction of being 

in charge of their own fate. High achievers ascribe their accomplishments to their 

own personal decisions and efforts. Low achievers often blame impersonal. 

fatalistic forces such as luck and other people for their failures (Coleman et a].. 

1966). Many high achievers ascribe to the following expressions: 

Success is 10% inspiration and 90% perspiration. 

Nothing comes easy. 

A fool blames failure on others, a wise Inan on himself. 

Weiner ( 1  986). in his attribution theor). of moti\~atlon. atten~pted 10 

systematically describe esplanatioils for success and IBilui-es in schools. 

Attributions are explanations or perceived causes by students lor their successes 

01- failures. Students seek to understand why they succeed or fail. The! ma!, 

attribute their success or failure to various factors such as abilit! . effort. lucl\. 

task difficult!. \jirong strategies, mood. clai-it!, oi' teacliing and  support ns hcl13 
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from teachers and others. Ability. luck. effort and task difficult\, are most 

common attributions (Weiner. 1990). 

According to Weiner (1986). attributions can be described 011 three different 

dimensions: 

1 .  Locus of causality -- the origin can be inside or outside the person. Abilit! 

and effort are inside: whereas luck and task difficulty are outside. 

2. Stability -- whether the causes stay the same or can change. Effort and lucl; 

are unstable, because they can change, whereas ability stays the same. 

3. Controllability - whether the causes can be controlled or not. Ability. luck 

and task difficulty are beyond our control, whereas effort is within our 

control. 

Weiner believes that students' causal attributions wili influence their future 

efforts to succeed at any given task. Attributing failure to lack of effort is likei! 

to improve future performance. whereas attributing failure to lacl, of abi lit! 

decreases future performance (Weiner.1994). Students u-ho attribute their 

~~erformance to causes that are internal, unstable(c11angeable). and controllablc 

such as lack of effort are motivated to succeed in f~iture because the! belie\ e the! 

can make the necessary changes within themselves. such as putting more effc,~.r. 

On the other hand: attributing failure to causes which are estemal. stable. ;117d 

uncontrollabie. decreases nlotivation to undertake and succeed at similar tasks in 

the future. 
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Achievement lnotivation is very much dependent on students' judgement of t l ~ e ~ r  

self-efficacy towards the particular learning task. Bandura (1995) refers scli- 

eflicacy as a belief in one's capabilities to organize and execute the act~ons 

necessary to manage particular situations. According to Zimmerman ( 1  495 ). scl f - 

efficacy is a content-related judgement and in academic. it refers to the studeilts- 

beliefs that they can perform a particular leanling task successfully. Self-efficac~ 

is sub-ject specific. For example, a student may have high self-efficacy for 

language and writing but leu self-efficacy for mathematics. 

Self-efficacy is an appraisal or evaluatiol~ tliat students malie about their 

capability to succeed at a particular learning task. According to Bandura ( 19861 

and Schunk (1 991). students' judgements of their self-efficacy are derived fi-0111 

these four sources of i~lforlnation : 

( i )  Actual experience: 

Past experiences. whether successes or failures. are ilnportant indicators 

for students when making judgements about their self-efficac!.. Students. 

who have always experienced failures in a particular sub.jecr. \xiill have 

low self-efficacy for the subject. Successes will raise self-efficacy 0 1 3  the 

conditjon that the students do not attribute these successes lo i.\tci.nc?l 

factors such as good luck. getting help fi-om others. and the tasl\s \\c'l.c\ 

easy or unchallenging. Their self-efficacy will be higher i f  they !'eel that 

they have succeeded in undertaking a challenging task tl~rough their o\vn 

effort. hard-work. and without much help from others. Success \? i l l1  not 
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promote self-efficacy if students perceive the task to be easy. or not much 

effort has been put in for the task (Early & Lituchy. 1991 ). 

( i i )  Vicarious experience (Modelling effect): 

Learilers, who have watched their peers successfully performiilg a task. 

will experience an increase in their self-efficacy for the task. Bandura 

( I  986) claimed that vicarious experience is most i~lflueiltial in situatioils 

in which individuals have little personal experience with the task. Scl~unk 

and Hanson (1985) studied self-efficacy of two groups of children for a 

task. One group observed their peers and the other group observed their 

teacher. each successfully performing a similar task. The): found that the 

children \vllo observed their peers had a higher self-efficacj' for the task 

coinpared with the children who observed their teacher. This shows that  

modelling effect on self-efficacy is high if it is done by peers. 

(iii) Verbal persuasion and encouragement: 

Students' self-efficacy can be increased if they are given verbal 

persuasion and encouragement by their teachers or other persoils who a]-e 

perceived as credible by the students. Students need to be persuaded and 

encouraged that they call succeed in any particular leanling tasl,. 

However. the task must be realistic, and teachers should give propel. 

guidance and supervision to make sure that the students' efforts end up i l l  

success. If their efforts end up in failure. the effect 011 self-efficacy ulill bc 

negative. 
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( i l l )  Physiological arousal : 

Students who experience symptoms of anxiety like incr-eased heart-bcat 

and sweating palms while undertaking a task. ma\r interpret them as signs 

that they lack ability in performing the task. These ph\:siological 

symptoms may lead them to lower their self-efficacy for the task. 

Students who are weak in mathematics have low self-efficacy for the sub.jec~. 

They have always experienced failures in tests and examinations zi\len b!~ their 

mathematics teachers. The gradual decrease in self-efficac). as a result of' these 

continuous failures will lead to learned helplessness. Learned l~elplessness is 111r 

feeling that no amount of effort can lead to success (Seligman. 1975). Tllese 

students believe that there is nothing they can do to avoid failure. The)- begi~? to 

develop feelings of shame and self-doubt. As a result the!; gi1.e up without trying 

and may completely abandon the subject. To help these students o\~ercome their 

feeling of helplessness. Seligman (1995) recommends "immunising-' them 

against the feeling of helplessness by providiilg them with successful master! 

experiences. 

.4ccoi-ding to Dweck gi Goetz ( 1978). students \vho experience Iearr~cd 

helplessness. attribute their failures to their  lo^. abilit).. ~vliich they believe i.4 

beyond their control. I11 doing their scl~oolwork. these students give little effijl-1. 

and give up verv easilv when they encounter difficulty. Some o t' the hel~a\~iou~.s 

\\hich indicate leal-ned helplessness are: 
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1 .  Does not pay attention to teacher. 

3. Does not ask question. 

3 .  Does not ask for help. even when needed. 

4. Appears bored and uninterested. 

5 .  Seems disengaged from classroom activities. 

6 .  Does not show pride in successes. 

7. Gets discouraged easily. 

2.3 Mathematics Anxiety 

To mathematics teachers. they often hear their students making statenleilts such 

as follows wllen these students confront iearning tasks involving mathematics: 

( i )  When I look at mathematics problem, my mind goes blank. I feel stupid. 

and 1 cannot do even the simplest calculations. 

(ii) 1 tried hard to solve math problems, but I always failed to get the l-igi~t 

answers. This makes me crazy. 

( i i i )  117 math tests and examinations. I always feel terrified. M?. pal~ns beco~ne 

sweaty. lny heart-beat becomes very fast, and I callnot even make m! 

eyes focus on the question paper. 

(iv) I find math difficult to understand. I do not understand what  tile teacher is 

saying. and my mind just wanders away from the subject. 

( )  Some people can do mathematics. but not me. 
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The statements above are expressions of mathematics anxiety. cvliich is a lkel~ng 

of' frustration and helplessness about their ability to learn and do matliemat~c\. 

Mathematics anxiety can be defined as " feelings of tens~on and anslet_\8 t h a ~  

interfere with the n~anipulation of numbers and the solving of mathemat~cai 

problems in a wide variety of ordinary life and academic situations" (Richardson 

& Suinn. 1972, p. 55 1 ) .  Spielberger (1972) identified two types of anxiety: State 

and trait. State anxiety is a relatively stable condition which resides in a person at 

all times. It is a stable personality characteristic of a person. Trait anxiet~.  01-1 the 

other hand. is a temporary emotional state. It is aroused at specific times and 111 

specific situations. It is acconlpanied by reactions like increased heart-beat. 

sweaty palms and muscle tension. Mathematics anxiety is generall\- accepted as 

trait anxiety. 

Anxiety can be either facilitative or debilitative. Facilitative ansiet? motl\lates an 

individual to succeed in a task, whereas debilitative anxiety ii~hibits an indi~  id11al 

from performing successfully in a task. A moderate anlount of ansiet! can 

facilitative. but beyond a certain point, anxiety can be debili tative. Rzlatil el! 

high anxiety improves performance on simple. well-practised tasks but I<)\\t\rs 

performance on new or difficult tasks (Covington & Oi~~elich. I 987) 

There are two conlponeilts of anxiety: Cognitive and emotional (Sarason X 

Sarason. 1990). The cognitive components include expectations for success and 

concerns about one's performance. This component is belie~~ed to in?erfkrc most 

directly with learning and performance (Sarason & Sarason. I C)C)O: -1'obias. 1 ' ) ' )2 )  
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The emotional component refers to the autonomic physiological reactions that are 

evoked by the stressful situations (Holroyd & Appel, 1980). Some of the 

physiological symptoms of highly anxious persons are shown in figure 2.2. 

Actual fainting 

Feeling of choking 

Stuttering 

Facial paleness 

Faint / dizzy feeling 

Nausea 

Hands trembling 

Urgent need to urinate I 
Difficulty in breathing 

Sweating all over 

Speech blocked 

Feeling wobbly 

Face flushed 

Heart racing I 
I Hands sweating 

Memory lapses 

Weakness all over / feeling unsteady 

Unable to control thoughts / confusion / mind blurred 

Tense / frightened / fear of losing control 

I Difficulty concentrating 

Unable to relax 

Figure 2.2 Symptoms of High Anxiety 

(In increasing order of severity from bottom to top) 
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Some of the negative effects of mathematics anxiety include avoidance of 

mathematics (Hembree. 1990) and interference with conceptual thinking and 

memory processes (Skemp, 1986). There appears to be a negative relationship 

between mathematics anxiety and achievement in mathematics (Hembree, 1990). 

Richardson and Suinn (1972) found a strong negative correlation between 

mathematics anxiety and mathematics achievement in college students. Children 

who are under-achievers in mathematics are significantly more mathematics 

anxious than achievers and over-achievers (Sepie & Keeling, 1978). Although 

causal direction of the association between achievement and anxiety is 

ambiguous and complex, it is generally accepted that anxiety interferes with 

learning and with the ability to demonstrate understanding. 

According to Tobias (1 992), anxiety interferes with learning and performance at 

three levels. First. anxiety inhibits efficient pre-processing of new information. 

Pre-processing refers to how the learner registers and internally represents new 

input. Second, anxiety interferes with processing, which refers to how learners 

organise, analyse information, and use it to generate solutions to problems. Third, 

anxiety interferes with the output, which refers to the ability of the learners to 

reproduce the knowledge that they have learned at later times, such as during 

tests. 

At the pre-processing and processing level, high-anxious students have less 

effective study skills than low-anxious students (Topman, kleijn, van der Ploeg, 

& Masset, 1992). Benjamin, McKeachie, Lin, and Holinger (1981) found that 
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high-anxious college students spent more time studying than low-anxious 

students, but they had more problems in learning the material. These high- 

anxious students had problems in analysing and organising information that was 

in front of them. 

At the output level, high anxiety can result in students experiencing confusion in 

their thoughts, which they usually describe as their mind went blank or having 

mental blockage. High-anxious students devote significant amounts of attention 

to task-irrelevant thoughts (Wine, 1980). High-anxious students are preoccupied 

with "worrying" about their performance, and this interferes with their abilities to 

retrieve information and demonstrate their skills and knowledge (Sarason & 

Sarason, 1990; Schwarzer & Jerusalem, 1992; Tobias, 1992). Bandura (1 988) 

claimed that these students are too preoccupied with the thoughts of their 

deficiencies, and they envision failure in undertaking challenging learning task. 

These negative thoughts and physiological effects of high anxiety, such as sweaty 

palms and trembling hands, can interfere with their performance. 

Mathematics anxiety, or sometimes called math-phobia, is widespread 

(Lazarus,l975). Children are not born with mathematics anxiety. Instead, it 

develops over time, especially during adolescent years. Mathematics has been 

causing much anxiety in many older students and adults. College students are 

more anxious about mathematics than English or social science (Everson, Tobias. 

Hartman, & Gourgey, 1993), or writing (Sapp, Farrell, & Durand, 1995). 
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Approximately about one-third of college students suffer from some level of 

mathematics anxiety (Anton & Klisch, 1995). 

There are various possible causes of mathematics anxiety in students. Lazarus 

(1 975) argued that mathematics anxiety results from poor instruction and poorly 

designed mathematics curricula. Mathematics curricula are cumulative and 

hierarchical in nature. As a result, if students fail to understand one operation, 

then they are unable to learn anything taught beyond that operation. 

According to Greenwood (1 984), teachers can create anxiety by placing too much 

emphasis on memorising formulae, learning through drill and practice, applying 

rote-memorised rules and teaching the "traditional" way. The traditional way of 

teaching refers to the mechanical "explain-practice-memorise" teaching method, 

emphasising memorisation rather than understanding and reasoning. Rote- 

memorised rules and manipulations of symbols with little or no meaning are 

harder to learn than an integrated conceptual structure (Skemp, 1986). 

Stodolsky (1985) attributed mathematics anxiety to poor teaching method and 

negative experiences in the classrooms. She claimed that mathematics teaching is 

very much teacher-centred, and this fosters in students the belief that 

mathematics is something that is learned from an authority, and cannot be figured 

out on their own. In mathematics classes, she found that the teaching format, the 

materials used, m d  the activities that the students went through were more 
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similar from day to day compared to classes in other suhiecIs, 

can create anxiety because some students inay prefel- to 1 
eah,u 

instructional formats. 

According to Stodolsky (1 985). the characteristics of mathematics classes were: 

1 .  A recitation and seatwork pattern of instruction. 

2. A reliance on teacher to present new concepts or procedures. 

3.  Teaching and learning were centred on textbook. 

3.  Textbook lacked material for concept development 

5. Lack of manipulative materials. 

6. Lack of small-group works and discussions. 

The innate characteristics of mathematics. which are full of abstract concepts. 

S!/III~O~S. operations. and rigorous logical reasoning. can create anslety in Ii1anJ 

students because they cannot understand it. The abstract and corlceptual 11;ltul.c 0 1 '  

mathen~atics makes nlathematical comprehension difficult for many studcn~s. 

Stodolsky (1985) suggested that mathematics is an area in ivhich ab i l i t~~  pla~rs :I 

domi:lant role in one's perforinance; either one has the abilitj or one does n o t  

Sti~dents ]nay have the belief that if they do not have they abilit! in mathemntlc~. 

thcn they will just have to accept that they are no good 111 111:lthcmatics. I ' I - ~ I C L I C ~  
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and more effort will not change the situation. Mathematics is only To]- tile "ylftcti-' 

and "geniuses'-. 111 contrast. they generally believe that. for otllel- subjects such as 

i n  social sciences. they can improve their performance with practice and efTol-t. 

At form 4 and 5 level. many students find mathematics difficult to understaiid 

Active learning. the novelty and difficulty of solviilg non-routine problenis. 

urllich require high-level computational skill and thinkillg processes. \\.ill g j ~  e 

rise to intense affective responses such as anxiety (McLeod. 1993). Under s~ich 

intense learning situation. teachers should provide the necessary posirile. 

supportive atmosphere where students feel at ease to discuss. ask questions and 

take risks without fear of criticism. 

Encouraging students to discuss and work wit11 their peers in small co-operative 

and supportive groups may have important affective consequences. including 

reduciilg anxiety (von Glaserfield, 1991). Bush (1991 ). in his stud\; of' 

mathematics anxiety among upper elementary school students. lbund that 

nlathematics anxiety tended to decrease as teachers spent more time in small 

group instruction. with more experienced teachers. and with teachers \vho had 

taken more post-bachelor's nlathematics courses. Greenwood ( 1  984) suggested 

that discussion of various strategies for solving matl~ematical psoblerns 15 

important in reducing mathenlatics anxiety. 
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2.4 PERSONALITY AND BEHAVIOUML CHARACTERISTICS 

According to Skemp (1 971). illathematics is a hierarchical build-up of concepts. 

New concepts are developed through a process of abstraction and generalisation 

of earlier concepts. Students will have problems learning new concepts if. at the 

earlier level. they fail to understand the related lower-order concepts. This 

dependency is greater in mathematics than in other sub-jects. For example. 

students who do not understand arithmetic will have problem learning algebl-a 

because algebra is an abstraction and generalisation of aritlunetic. Mathenlatics 

curricula are cumulative in nature; if one fails to understand one operation. one is 

unable to learn anything taught beyond that operatioil (Lazarus. 1975). 

cre can CI-eare This culllulative and hierarchical nature of mathematics know1ed, 

learning problems to students who lack self-discipline and have bad work habits. 

Various topics in mathematics are arranged and taught in a proper sequential and 

hierarchical order. Topics. whicl~ are prerequisites. are taught first. Each 

particular topic is broken into subtopics. or sections. \vl~icli are also hiel-arcliicai 

i n  nature. Failing to understand one section of the topic will lead to difficult! 111 

learning other sections that follow. To succeed in this higl~l>. cumulati\~e and 

hierarchical subject. students need to have good behavioural characteristics. 
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Students who are weak in mathematics usuall\. have these bad beha\*iou~-a l 

cl~aracteristics: 

( I  ) Procrastination: They like to delay or postpone doing their schoolwork. .4s  a 

result. the amount of schoolwork gets accumulated so much that they are 1101 

able to get them all done at all. 

(2) They do not finish mathematics exercises and homework given by the teacher 

011 time. Wllen a new lesson begins. these students are still slruggiing to 

finish work on the earlier sections. They are aiways behind the class in do~ny 

their work. 

(3) They do not follow the lessons properly so as to be always at pace \vith the 

teacher. Once left behind, they may find it hard to catch up and understand b? 

reading the text-book on their own. Mathelllatics is not like m no st o111el- 

sub-jects which they can learn by reading on their own. Matheinatics is not 

easily co~nprehensible without further explanation and elaboration by the 

teacher. 

(4'1 The\. are very passive in the classroom. They do not ask the teacl~el- \sl~en 

they are not able to do their exercises, or whel~ they do not undel.stand the 

lesson. They need to ask promptly when they cannot undel-stand \vhat has 

been taught because failure to understand one section of the topic will lead 

to difficulty in understanding other sectioils that follow. 
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In learning n~athematics. students need to acquire procedural skills for s ~ l \ ~ i i i g  

~nathematics problems and, more important. to understand the concepts ancl 

principles which are related to the skills. Solving mathematics problems requires 

high-level computational skills and mental processes (McLeod. 1 993). Students 

are usually required to solve a lot of problems and do man\? repetitive exercises. 

To solve probiems successfully, students need to understand the underlying 

concepts and principles, and then, do the computational work correctly. To 

succeed in this type of learning activity, students need to have good personal 

characteristics. They need to be patient, calm and controlled, diligent and careful 

in doing their mathematics exercises. 

Skemp (1986) was very much against rote learning ~r 4eLsrniiilg through 

Inemorising. According to Skemp (1986), as mathen~atics becomes mol-e 

'advanced and complex. the number of different routines to be memorised 

inlposes an impossible burden on the memory. Furthermore. the routines learned 

by rote cannot be adapted by the students to solve other problems. 'The\ 

nlemorise the routines without understanding the concepts and principles behind 

them. 

According to co~~structivist framework of lear~~ing. students should be 

encouraged to formulate ideas, explore patterns, and seek solutions. and not to 

practise repetitive exercises and memorise procedures and forn~ulas (Fennel17a. 

Franke. Carpenter. & Carey. 1993). Mathematics is viewed as a sub.iect of' idc~l..: 

and mental processes. I n  problem sol\~ing, students must accluire a hod! 0 1 '  
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conceptual and procedural knowledge in matliematics to support an  :u-raJ 0 1  

problem-solving strategies (Owen & Super. 1993). Students need to I<IIO\A Iiou 1 0  

understand and represent proble~~ls in mathematical terms (h/la!.er & He~al-I!. 

1 996). 

According to constructivist approach. the stress nlust be in helping students make 

sense of matheniatics. To understand mathematics. students niust take an act]\ c 

role in learning. They cannot be passive and quite in classroom. They need to ssl; 

questions. and engage in discussions with their peers. They must be reflective and 

not impulsive in their thoughts and behaviours. They need to be emorionall! 

stable. Their thoughts and behaviours are not dictated b\. emotion. but ~nstead h! 

reasoning in a logical and rational manner. Reasoning and logical thinlcing al-2 

essential in understanding mathematics. 

2.5 Cognitive Readiness 

I n  the past three decades, researches in the field of cognitive psycholog! II:I\ c. 

given us new knowledge and understanding of cognitive gron'th that  cievclops in 

stages from bi1111 until adulthood (Case. 1992). Previously. thc genrrrtl \,ie\\ \ \  ,14 

that intelligence was determined before birth. We have to acccpt these inlx) l . l~  
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differences, and provide different educational experiences according to ~ l i c  

child's learning ability. However. through better understandil~g of cog nit^\^ 

grou.tl~. this view has changed. By understanding ho\&. and w h e n  cogn~ti~rc 

systems develop, we can avoid teaching children something before they are react!. 

to learn it. We should provide children with learning experiences according 10 

their level of cognitive development. 

Arnold Gesell(1940). who established the Institute of Child Development at Yale 

University during the 1930s. was the first to propose the idea that cognitive 

growti1 and development occurs in stages or sequential levels. Childl-en's 

co~niti\,e structure goes through periods of major reorganisation. This is 

followed by periods of integration during which a new stage is reached and the 

changes are assimilated. 

Jean Piaget (1896 - 1980). a native of Switzerland. has been the major theorist in 

the field of cogniti\le development. Originally a biologist. l'iaget-s interest in 

epistemolog)~ brought him into the world of psycho log^. At . I .  . I .  Rousseai~ 

Institute of Child Study in Geneva. Piaget spent his time doing research 017 l io \~  

thinking develops in children. Using direct. careful. and systematic observation 01' 

children (including his own. Jacqueline, Laurent. and Lucienne). Piage1 began lo 

develop his theory of cognitive development. 
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2.5.1 Piaget's Theory of Cognitive Development 

According to Piaget (1952. 1959), people have an innate need to understand the 

objects. events. and ideas that exist around them. Equilibration is the act of 

searching for meaning. understanding, and order in what they see i n  the 1.~31 

world. Equilibration is the process of making sense of what  the!^ see based on 

\v11at they already knew. It is a dynamic process that attempts to ~-edilce 

dissonance. Learners will strive for equilibrium. \vhich is a state of cognitive 

balance. If they cannot explain what they see on the basis of their psesen: 

knowledge or understanding. disequiiibrium occurs. which \viII motivate then-r to 

search for meaning and new understanding. Disequilibriuin is an energising forcc 

in cognitive development. 

In Piagetian theory. disequilibrium is the disruption of cognitive processes that 

occurs when ;hildren have experiences that they cannot explain 01- understand in 

ternls of their existing knowledge or cognitive structures. Piazet believed that  lie 

primary stiinulus to cognitive development co~nes from the children's o \ \n  

attempts to make sense of new experiences that they encou~~re;-. 
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Piaget proposed that children are always busy constructing and organisin2 

schemata. Schemata (singular: schema) is a Piagetian term wl~ich refers to t l~c 

elaborate cognitive structures, or networks, made up of ideas and concepts. that 

are used by the children to interpret and understand what they see around tl~em. 

and to guide their behaviour. These schemata, wllich are constructed and 

organised in the children's minds. will influence how they see the world and 

interact with it. 

Existing schemata are combined to form new and more complex ones. This 

process is called organisation. Organisation of existing schemata is an importalit 

intellectual fwlction because it results in the formation of higher-order and more 

co~nplex cognitive structure in an individuali 

-4s children grow and develop, they encounter new objects. new information. and 

new experiences. which require them to think and act in new ways. They nlust be 

able to adapt to the new demands. According to Piaget. adaptation is a central 

drive of humans in order to survive. To adapt to the new demands. children 

undergo the process of assimilation and accon~modation. 

Piaget refers assimilation to the process of expanding or enricl~ing the existing 

schemata with the new information or experience. They Ir!. to ~nalie sense of' 

what is new by relating it to what is already familiar to them. The existins 

64 
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schemata do not change. Acconlmodation refers to the p,-ocess of altesing 01. 

modifying the existing schemata in order to make sense ofthe new inii~l-~nation or 

experience. What is already known is modified in order to fit  the new information 

or experience. Accon~xnodation results in the formation of new schemata. 

Cog~litive development is a life-long process. It evolves through the creation of '  

schemata and organisation of existing schemata into nlore complex schemata. 

These schemata may be enriched by assimilating new cogniti\iely coinpatible 

informations or experiences. Through the process of accon~modation. ne14 

scl~emata may be created by altering the existing schemata in order to accouni l'os 

new informations or experiences. 

In Piagetian theory. learning is the process where learners try to equilibl-are 

between the new and the old information. They use what they already li110\\. 10 

I e \ i  understand the new concepts. ideas or objects that they are required to learn. N 

lear~~ing occurs when they succeed and reach equilibrium i1.1 the ec~uilibsarjn~? 

process. The pl~ases of learning can be described as follo\vs: 

1 .  When a teacher introduces a new coilcept or idea. an  a\vareness 01' 

discrepancy or mental disturbance occurs in  the students \&.hen the!, tr.! i o  

understand or make sense the new concept or idea. 

2. A feeling of' puzzlement. curiosity and uneasiness will arise in the student.;. 

7 - 
I lie new inlbrmation nlay not fit their prior u~~derstanding. 
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3 .  Tlie students need to go through a period of reflection. \vhel-e tlic!. tr\, to lit 

the new information into their existing schemata. 'rile pl-ocess 01'assi111ilatinn 

or accommodation will take place. 

4. After sufficient time. the students are able to understand the new concept 01. 

idea. and it becomes "old" information. New Iearl-Iing Ilas occurred. 

5. When another new concept or idea is taught to the srudents. the process 

continues with the same phases as above. 

For meaningful learning to occur. students must take an active I-ole in the learning 

process as described above. According to Piaget ( 1  970). intelligence is not f i l ed  

at birth. but is a furlction of appropriate activity during any particular stage ol' 

co~nitive development. In order for meaningful learning to occur. students I- I IUS~ 

engage in appropriate activities. and not just merely sit and listen Piaget calls for 

active scllools because according to Piaget (1970). intelligence = acti] it! 

Activity produces cognitive growth. 

Piaget (1970) suggested that teachers should present the subject to be taught i l l  

forms which can be assimilated by the students of different ages. i n  accord \\ 1111 

their ~nental structures. If students are required to learn solnething. \khicil i s  

beyond their present nlental structures. their existing sche~l~ata nlay not he a b l ~  1 0  

assinlilate or accolnmodate the new infonl~ation. 111 the ecluilibl-ation pmcc.s.4. 

tile)/ ~vill not be able to achieve equilibriuln. New leal-ning does not pl;lCc'. 

0 6 
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Difficult>. in comprehending the new information c;in Ieaci to ansiet? :111tl 

fi-ustration. and this ma); lead students to learn witliout understanding. which IS 

learning by rote memorisation. 

Piaget ( 193211 965. 1950. 1952. 1959) devised a theory of cognitive development. 

Piaget proposed that cognitive structure develops in an orderly walr thl-oug11 

stages that build upon one another. He proposed that there are three stages of 

cognitive development. 

2.5.2 Stage 1: Sensorimotor Experience (Age: Birth to two years) 

Cognitive activity during this stage is based primarily 011 inlmediate experience 

througk the senses. Seilsorinlotor children use their sensory and motor capacit~es 

to make sense of the world. They look. touch, suck. hit. shake and grasp an! 

objects that they ellcounter. The major activity is the physical illteractio~ls \\ i th  

the environment. Children at this stage like to look at and ibllo\~. olliects \\ ~ t l i  

their eyes. Initially. these children do not represent ob-jects mentally: ibl- them 

ob-jects. which are out of sight. are out of their minds. Later in the period. h! : y e  

one. childre11 are able to acquire object permanence. which is the atilit! 1 0  

~111derstand that when an object disappears from \lieu.. it still exists e\.en t l l o i ~ g h  

they cannot see it. 
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The developlnent of object per~nanence is likened to thc first stagc of' recogn~ t~<):;. 

and the beginning of an elementary memory. Since ob.iect pernlanence d e ~  clop\ 

in tliis stage. we know that sensorimotor children are also capable of some 

representational thought. Tliey begin to develop the ability to represent oblects In 

their memory. Towards the end of this period, cl~ildren are able to manipulate 

images in their heads. as shown by their ability to imitate. Tlie abilit!. to imitate I \  

an important skill that forms the basis for later observational learning. 

2.5.3 Stage 2: Intuitive or Pre-operational Thought (Age: T\vo to seL7en 

years) 

Pre-operational period is the stage when rapid and dramatic growth occurs in the 

cognitive structure of children. The emergence of sj~lnbolic thought occurs during 

this period. Pre-operational children can use symbols to represent ob-jects. D~iring 

this period. we see rapid progress in language deveiop~xent Tlie children's abilit! 

to understand and use words. and their vocabular); developn~ent incl-easc 

dramatically. 

Children at this stage can perform simple mental operatio~is such as cii~ssil!.il~g 

animals as dogs or cats. They begin to develop an understandi~ of' nlall!. 

concrete concepts. They can form ideas of objects and identif) them \vith nu111t's 
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such as cat. horse. car and tree. However. they are still unat3le to undcl-stand 

concepts which are abstract in nature. 

Mental structures of pre-operational children are large1 y intuitive and hi 911 

imaginative. Their mode of thinking seems to be illogical. The characteristics o t' 

pre-operational cllildren are: 

1 .  Egocentrism. whicl~ is the inability to interpret an event fi.0111 son1e011e else's 

point of view. They see things only from their o\vn point of vie\%;. 

3. Centration, which is the tendency to focus on one perceptual aspect of' an 

object or event to the exclusion of all others. For example: Shou- a f \le-!-ea~-- 

old child two rows of coins, with each row having the number of coins. The 

child can tell that the rows have the same nuillber of coins. Then. lengthen 

one row by increasing the spaces between the coins without changing the 

11umber of coii~s. 14'hen asked. the child will say that the lengthened sou has 

inore coins. This is because the child centres on the length of' the row.. rat11e1- 

than on the number of coins in the row. 

3 .  Unable to transforin. Transformation is the ability to 111enta1lj. record the 

process of changing from one state to another. 111 f11e coin ex;i!i~ple abo\ c. 

because the child is unable to transform. the lengthened row is considel-ud to 

have more coins. 
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4. IJnable to reverse. Reversibility is the ability to mentally tracc a linc 0 1  

reasoning back its besinning In the coin exaixple above. the child 1s unal7lc 

to reverse the lengthening process to determine that the two rows still Iiavc 

the same number of coins. 

5. Unable to conserve. Conservation is the idea that the amount of substance 

remains the same regardless of its shape or the number of pieces into which i t  

is divided. For example: Give a pre-operational child two balls of cia! of' 

sanle size. and each having the same amount of cia).. Then. change the shape 

of one ball into a flat shape. When asked. the pre-operational child ~vill sa! 

that the two different shapes of clay do not have the same anlount of cia!,. 

6. Unable to reason systematically. Pre-operational children are not able t o  

reason systematically. either in deductive or inductive \way. The>' cannot 

reason from the particular to the general. or vice versa. Instead. they reason 

from particular to particuiar, which Piaget calls transductive reasoning. l o r  

example. when we ask a pre-operational child why it is dark at night. he ma! 

give answers such as because that is when we go to sleep. During this period. 

children's thinking can be described as pre-logical. The!. do not l-ecognise 

cause and effect links between events. or they misunderstand them (Piage1 c' 

i nhelder. 1 969). 
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2.5.4 Stage 3 : Concrete Operations (Age: Seven to eleven ycars) 

In the concrete operations stage, children go through anothel- malor 

reorganisation of mental structure. They are able to think in logical \ \ a \  

Concrete operational children are very literal-minded. Children at this sta, cle ilse 

explicitness and literalness as a basis of their interactions with others. and in tl~eir 

jokes. They can understand rules and their functional values. Horn-ever. their 

understanding of rules is literal: Rules are given laws that cannot be changed. 

Adults. on the other hand, understand rules as a system of I-egulations that can he 

changed and replaced when necessary. 

During this period. children can learn and understand concepts which arc 

concrete in nature. Their mode of thinking is concrete and they do not l~a\rc t l ~ c  

mental ability to grasp abstractions. They translate abstractions into concrete and 

highly specific terms. Concrete operational stage is characterised by the abilit!. tn  

think logically about concrete objects. Children begin to develop I-e\;ersihle. 

organised mental operations that allow them to conserve. classif\. and tal\c 

alternative vie\vs (Flavell. Miller & Muller. 1993). 

According to Piaget. during this period. children acquire schemata to ~~nderstand 

11rithn1etic. think in symbols, and classify objects into categories. 1-hc! can 

pcrf'onn mental operations based on concrete experiences. and are able to mocl~l! 
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their views in order to reach a logical co~~clusion. The), can arrange objects in 

order: arrange numbers in proper sequence: group ob.jects by colour. size. or 

shape; and understand rules for mathematics and appl-opriate behavious in 

classroom. This is the time when children are ready for formal education. In 

many countries. we see that the beginning of the concrete operational stage 

seven) is the time when children begin to go to scl~ool for formal education. 

During the concrete operational stzge. children's cognitive structure becomes 

more complex and organised which enables them to perform a variet!. of' logical 

operations. The lnajor cognitive characteristics of concrete operational childl-en 

are : 

I .  Decentration: Concrete operational children are able to consider se\ era1 

(' on important features of an object or a task rather than focus their thinl.rin, 

one particular aspect or the perceptually nlore obvious one. For esalnple. pnul- 

an equal \~olume of water into two glasses of different height and \ ~ l d t h .  

Children at this stage understand that the volume of water in both glasses 1s 

the same because they are able to consider both the aspect of height and i c t r l l  

of the two $asses. By focussing on both aspects. they know tha~  in the ~ i ~ l l r ~ .  

glass. the water is higher because its width is smaller. I're-operat~nnal 

children. on the other hand. may focus only 011 height. and u.ill sa! rhat thc 

taller and thinner glass has more water in it. 
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2. Reversibility: Concrete operational children can reverse their thinliing ancl 

perform mentally a series of steps backwards in order to return to its original 

condition. For example. they understand that addition and subtraction arc 

reversible operations. 

3. Consenration: Concrete operational children understand that ob-jects remain 

the same regardless of changes in shape or arrangement. For example. show 

these children two clay balls of equal size. Then change the shape of one ol' 

the balls. such as by pressing it into the form of a pancake. Then ask these 

children which one is bigger. They will say that they are of equal size. .As 

another example, show these children two pieces of iron bar of equal iengti~. 

Then bend one bar into an arc shape. Then ask these children which iron bar 

is longer. They will say that both are still equal in length. 

4. Hierarchical classification: Concrete operational children can group ol,iecrs 

into classes and subclasses. For example, when these children cards of 

different colours, shapes and pictures, they can group these cards according lo 

colour. shape or picture. 

5 .  Seriation: Concrete operational children call arrange ob-jects by I~eight. 

\veigl~t, or age in increasing or decreasing order. They can arrange ol,jects in  
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order froin lightest to heaviest, and then rearrange them fi-om smallest to 

'1 lest. b1-0 

6. Transitive inference: Concrete operational children can mentally coinp:~rc 

objects and the make inferences. If object A is bigger than object B. and 

object B is bigger than object C. then they can infer that object .4 is bigger 

than object C without directly comparing object A and ob.ject C:. 

Even though coilcrete operational children ]lave acquired co~llplex: n1ent~71 

operations. they are only able to perform these ~llental operations with concretc 

objects or under concrete situations. They cannot perforn~ these n~ental operatiolls 

with things that they cannot see or touch. If a learning task is presented in  a 

verbal form without showing concrete objects. children at this stage \vilI face 

difficulty in performing the task successfully. 

Concrete operational children are not yet good in deductive logic but are adept at 

inductive reasoning (Tomlinson-Keasy. Eisert. Kalle. Hard) -Bro\vn. and Kease! . 

1978). These children can think inductively by reasoning fro111 CoIIcsete exanlpleh 

to general rules. They are not yet good at deductive thinking because the) canliot 

understand a general rule without first seeing concrete esamples. Their logic oni) 

works when they operate with concrete objects or situations. but not with abstr~lct 

situations. Their mental operations are not yet ready f'os abstract concepts ~ ~ n d  

ideas. 
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2.5.5 Stage 4: Formal Operational (Age: 12 years to adult) 

According to Piaget. formal operational is the final stagc of cognitiic 

developn~ent. During this stage. children begin to develop mental abilities 10 

think in abstract terms. They are now ready for the realm of abstract concepts and 

ideas. They have progressed from being able to think logically 01114. about 

concrete objects or situations into being able to think logically about abstract and 

hypothetical situations. For example, without having to refer to concrete objects. 

formal operational learners can think: abstractly and make generalisation t h a ~  if '  s 

is greater than y, and y is greater than z. then x is greater than z. They can 

express this relationship symbolically: 

If x > y  .and y >z. then x > z .  

The ability to use sylnbols to represent objects or abstract ideas is a characteristic 

of fosnlal operational thinking. The ability to think in abstract and synlbolic terms 

enables fornlal operational learners to engage in learning tasks \vhich require liigli 

order thinking skills. During this stage. learners are ready to mathsmaricnl 

concepts and ideas whicli are abstract and symbolic i11 nature. 

Formal operational learners are able to think systematicall\:. 13)) t1iinl;i ng 

sys~ematically. they can plan strategies to solve abstract problems. During t l ic 
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earlier concrete operational stage. learners can reason onl>, ikon? concl-etc 

situations. and their ability to reason is limited to two-factor situations. Forn~al 

operational learners. in contrast. can deal logically with abstract and i~~ultiple- 

factor situations. They can consider multiple factors. deduce multiple 

possibilities. and systematic all^^ eliminate or exclude those which are not  

relevant. 

Allother cl~aracteristic of formal operational thinking is l~ypotl~etical-deductive 

reasoning. Learners at this stage are able to think h~,potl~eticaliy and deducti\.eI\.. 

They can think of possibilities. pose hypotheses and draw coilclusioils af'te~ 

making observations and reasoning in their tl~oughts. The). can tl~ink logicall! 

about abstract and hypothetical ideas. They are able to ask "if-then" questions. 

They can now think and debate on concepts such as justice and moralit>,. The! 

can think through coinplex if-then relationships and form their own conclusions. 

They can solve mathematical problems using a set of defined ass~imptions and 

procedures. Cognitively, they are ready for secondary scl1001 curricula. which are 

filled with learning rasks and experiences requiring formal operational thougl~t. 

According to Inhelder and Piaget (1958). for111al operational learners are able to 

perform combillatorial operations because they can analyse relationsl~ips in 

tnultiple-factor situations. For example. given four characteristics. such as \vhitc 

and red and tulips and roses. formal operational learners can generate 1 (I p o s s i l ~ l c  
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combinations such as white tulips and white roses. red roses and \vl~ite tulips. 

and so on. Concrete operational learners, on the other hand. can generate onl) 

f'our combinations: red roses, red tulips. white roses and white tulips. 

111 the colourless liquids experiment (Inhelder & Piaget. 1958). students are gillen 

four beakers containing colourless liquids, and a substance to be added to the 

combinations of the four liquids so that the liquid in become !.ellow in colour. 

Concrete operational students proceeded to test combinations. two bj, two. \\'hicl~ 

resulted in omissions and failures of getting the correct combination. Formal 

operational students, however, were able to think and figure out ail the possible 

combinations. and then proceeded to test these possible combinations. These 

students succeeded in the experiment because they were able to think 

systematically. conceptualise all possible combinations. make h~.po!heses and 

then proceeded in testing to determine its actual outcoine. 

Tile process, which enables learners to progress from relatively i~npo\*erished io 

richer cognitive structures. is reflective abstraction (Piaget. 1980). liefiec~i\>c 

abstraction is the process of projecting something from a lo\ver level to n hipher 

level of lnental operation. and reconstructing of cognitive stl-uctul-e. Rei'lec~i\.e 

abstraction involves the learner's thougl~t processes. At the stage of' forlnr~l 

operations. thought processes are independent of any reference to col~cl-etc 

objects or situations. Ideas can be tried out in  the mind. Through a process ol' 
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itiiagination and internal dialogue. which is talking to oneself- l'ormal operational 

learners are able to reach new insights without actually referring to concrete 

reality. 

Formal operational thoughts are no longer limited to here and now as during the 

concrete stage. but are extended by considering all possibjlities. Through 

systematic thinking and planned hypothesis testing. they become more efficienl 

in problem solving. They are able to expand their thougzhts beyond concrete 

objects and situations to ideas and abstract concepts. Their thoughts are not just 

focused on their own perspective, but are enlarged to inchde the perspecti\~es of 

others. 

Fornlal operation is the period of mature thinking. Tile characteristics of tbsmal 

operational thinking include: (Flavell, Miller, & Muller, 1993: Keating. 1979. 

1990) 

( i )  Abstract thinking, which is the ability to think about collcepts and ideas. 

and to think about possibilities beyond concrete reality 

( i i )  Propositional thinking, which is the ability to think logically aI>c)ii~ 

relationships among ideas, concepts. propositions. and operations. 

( i  i i )  Combinatorial thinking. which is the ability to consider and genet-ale 

different possible colllbinations of ideas. 
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( iv)  Hypothetical-deductive thinking. wl~ich is the ability to tliinl\ 

scientifically. to identify and define variables. conduct tests and  

experiments. and make appropriate hypotheses. 

(1) Problem solving. which is the ability to think systematically. define 

problems. select a suitable strategy. and revise options il'necessary. 

(vi) Meta-cognition. which is the ability to think about their ow11 thinking and 

thought processes. 

Iv i i )  The ability to be self-reflective about their own thougllts and on issues 

such as morality. existence and self-identity. 

Recent studies in cognitive development have found results which are consist en^ 

with the Piaget-s theory. Cognitive development is continuous and not discrete. 

Cllildren develop gradually, and experiences in one stage form the foundation l'or 

movement to the next stage (Berk,1997). All children pass through each stage 

before progressing into the next one. No children skip any stage. The ages 

"I'esy attached to the stages are approximate. The rate at which children pro, 

through the stages differs. depend on nlaturation rates and culture (Papalia 2k 

Wendkos-Olds. I 996). 

According to Piaget's theory. students in secondary schools and colleges sliould 

he fi~-mal thinkers. but reseal-ch indicates that this is not ~ I \ \ . ; I > ~ S  tl-ile. l<c:~ti~is 

ha
k M

ilik
 M

ARA



( 1  979) found that 40 to 60 percent of college students failed to answer a proble117 

which requires formal thought. De Lisi and Straudt ( 1  980) found that college 

students were unlikely to think formally in areas outside their ma.jol-s. I t  appears 

that formal operational thought is situation specific. Students are able to 

demonstrate formal thinking only in areas 1n which they are familiar or ha\;e 

achieved considerable mastery. For example. physics majors are able to 

demonstrate fonnal thinking when dealing with physics problems and not 

problems outside their field of study. 

In Fiaget's theory, formal operation is the frnal stage and the apex of cognitive 

development. However, Arlin (1975, 1377) disagrees and proposes that there is 

another stage after that, which is late formal operations. Piaget's focus on logical 

reasoning may have excluded thoughts in other areas such as \visdom and 

creativity. Wisdom and creativity are the essence of great thi~ikers and scientists. 

Arlin believes that great thinkers and scientists like Einstein. Freud and Piaget 

operate in a higher cognitive dimension than just problem solving. \vliich enables 

them re-conceptualise existing knowledge and refornlulate it to come ill:, 

some thin^ new and unique. She calls this stage as the problem-finding stage. T h i s  

final and advanced stage is characterised by the ability to develop nen. solutic!ns. 

devise programs on broadened vision. and formulate productive questions that 

enable individuals to expand knowledge base and gaily fresh insights. 
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2.6 Learning Strategies 

Students face the task of having to learn and understand a large \!ariet!r 01' 

knowledge from many different subjects that tl~ey have to take in school. T o  

acquire these varieties of knowledge and information. they have to study them 

fully. understand and find ways to reinember them so that these knowledge can 

recalled and used to answer questions during examinations. There ai-e 

qualitatively different ways of how students think about and carry out the 

learning process which produce qualitatively different learning outcol~les (Biggs. 

1979; Marton & Saljo, 1976). Learning strategy refers to the s)~srematic planning 

and approach that the students use in their efforts to acquire and process ne\v 

knowledge and information. Learning strategies, which are often used. are rote 

learning. instrumental learning. surface and deep processjn_c approach. ai7d 

meaningful learning approach. The learning strategy that students choose in 

carrj1ing out their learning tasks can range froin the simple and raw approach of '  

rote memorising to a more sophisticated and intelligent approach of meaningful 
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2.6.1 Rote Learning 

Rote learning is memorising without understanding. The strategy of' leal-II~I-s \\-ho 

use this approach is to memorise all the .information. facts. fol-mulas. and 

procedures that they read from text-books and that are taught by their teachel-s. 

Their emphasis is on memorising without giving much importance to meaning 

and understanding. Rote learning involves doing a lot of repetition work and 

drilling exercises. Rote learning strategists believe that repetition and drilling 

exercises will create a deep impression in their minds a12d thus enhai~ce t11e1r 

memory. Learning through rote memorisation is characterised by lack of a ~ t i \ ~ i t > .  

questioning and discussions. Students sit passive1~- at their desks. iisten 

attentively to their teachers. and then do a lot of exercises. Lack of quesriol?ing 

and discussions show that these students do not care much for meaning and 

understanding of the subject matter. 

I t  is now generally achlowledged that rote memorisation as ail approacl~ ro 

learning has a lot of inadequacies. and will not lead to cognitive growtl~. \Vithou~ 

understanding. the knowledge learned is easily lost and forgotten. Knowledge I.: 

I-etained better if it is understood and cai-1 be stored as part of net\vorl, of 

knowledge in the learner's cognitive structure. Knowledge acquired purel! 17) 

rote can only be stored i n  long-term memory separate from a~id u~~connected \\ ill1 

othel- knowledge. This 111akes both retention and recall difficult. Sliemp ( 1 ')S(> 
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found that learners who learned in a systematic and tneanil~gful wwal  were ablc to 

learn better. retain better. and were able to recall the material n ~ u c h  mol-c \?~ilcn 

compared with rote learners. 

Educational psycliologists are very critical of rote memorisation as an approach 

to learning. Vygotsky. a Russian educational psychologist in the 1920s. regarded 

nlemorjsation as *'fossilisation", or a dead end. According to V)lgotsli)l. people 

must be taught not only how to read, but more importaiitl~. how to understand 

what they were reading (Blanck, 1990). Rote learning does not promote 

intellectual growth. In learning mathematics. many students use rote l e a r n ~ n ~  

because they are not able to find meaning or understand many of the abstrac? 

concepts and ideas of mathematical knowledge. 

Many students believe that mathematics consists primaril>. of rules and 

procedures to be memorised, there is only one right way to solve a problem. and 

rhe goal in doing mathematics is to get the right answer (Lampert. 1990: 

Sclioenfeld. 1992). Society as a whole and teachers ill particular belie1.e 1!1 t11c 

saille away about inathematics (De Corte, Greer, BL Verschaffel. 1996). 1-zachrl-5. 

who hold these beliefs and interacts with students. will transniit these belieis t o  

tlieir students. As a result of these negative beliefs about i~~atheinatics. students' 

approach towards learning inathe~natics is to rote memorise all the rules- 

lbrmulas and procedures. and use them to solve problems in 01-der to get tlic 1.1gl11 
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answer. Because there are so many different rules and procedul-es involving I I I ~ ~ !  

different topics. students will be under tremendous stress a n d  ansiet) 

~ilelnorise all of them. 

The amount of learning material which a bright child can lnelnorise 1s 

remarkable. and the appearance of learning mathematics may be maintained unti j  

a level is reached at which only true conceptual learning is adecluate to the 

situation (Skemp. 1986). Students need to understand the concepts and ideas 

which underlie these rules and procedures and retain them in memory as an 

integrated network of knovvledge structure. Rote learning. wit11 so much rules and 

procedures to memorise. will lead to anxiety hatred and fear to\+ards 

mathematics, and ultimately. will lead to failure in learning mathematics. Role 

learning does not produce transfer of learning. As a result. rote learners are 1101 

able to solve unfamiliar or non-routine problems. I11 tests. they fail to answei- tile 

questions because they cannot remember correctly the facts. rules and procedures- 

which is characteristic of their rote learning strategy. 

The National Council of Teachers of Mathematics ( 1  989). in their publicarioll ol' 

the C.'ur-I-icultm? und Evaluation Standards .fbr School ,\4~1lhen1a/ic.v p ' c  

recommendations and proposals regarding learning of mathematics at the school 

and classroon~ levels. These recomn~endations and pl-oposals are co~nrncllll! 

cal led as the At( 'TM S/~~ndcrr.c(.v. 
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The ,Vc 'TM Stai~dur-d.c. gave t l~e  following assertions with regard to hour learni 11g 

of nlathematics should be conducted at the school level: 

I .  Mathematics is a problem-solving activity- not the applicatioll of rules and 

procedures. 

2. Mathematics involves reasoning more than memorisation. 

3.  Studying mathematics should make sense. 

4. Mathematics is communication. 

3. Mathematics should relate to the real world. 

6. Learning through memorising of facts, rules and procedures should not be 

emphasised. 

7. Doing repetitive exercises, routine problems and skills without contest shoulil 

not be encouraged. 

8. Teachers should avoid teaching by telling. 

The way mathematics is taught by most teachers is very much against the A:C'T,Z.I 

.S/ui~dal-ds. The most con~nlo~l practice of teaching n~athematics in schools is 

characterised by the following steps: 
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1 .  The leacher transmits knowledge to the students through telling. The teachel- 

tells and explains to the students all the facts. definitions. rules and 

j~rocedures about the material to be learned. Most of the times. the stude~~ts si t  

passively and listen attentively to the teacher. 

2. T11e teacher proceeds by giving a few examples of how to use these rules and 

procedures in solving problems. 

3 .  Then, the teacher gives exercises to be done by the students. The remaining of 

the class time is used by the students to do the exercises. Usually. there is no: 

much activity and discussion. The students sit passively at their desks doing 

the exercises given by the teacher. At the end of class. the teacher gives more 

exercises as homework. 

3. At the end of a topic, the teacher usually gives a test to ex-aluate the students- 

understanding of the topic. 

The students. under pressure to perform and impress their teacher in the test. 

resort to role memorising the facts. rules and procedures in the topic. Before the\ 

are able to digest and make sense of the material t h a ~  has been taught. the teacllel' 

is already progressing to a new topic. Under this kind of learning scenario- 

students will ob\~iously resort to rote memorising as their learning ~ti-ateg!~ i l l  

order to cope with the denlands and tasks of learning. When leasning is \'cr! 

esaminatiorl-centred, rote learning is the dominant strategIr. 111 examin:lti(ln 

classes. we may find teachers asking their students ro do a lot of' rcl,etiri\~e 2nd 

ha
k M

ilik
 M

ARA



drill exercises in order to score high grades. Kimball ( 1  989) asserts that f'emalc 

students take a rote learning approach to mathematics. hased 017 thc I-nutine use 0 1  

rules and algorithms learned in class. Male students. 011 the other hand. ha\~c ;I 

more autonomous approach towards learning mathematics. which in\lol\ cs 

generalising mathematics knowledge to new or unfamiliar problems. Males 

perfor~n better on problems which require real-life applications and highes-le\,el 

cognitive processing. 

Scott-Hodgetts (1 586, 1957) hypothesised that female students are often 

proficient at memorising rules and algorithms and at performing straightforum-d 

computations. Proficiency in the rote memorisation of rules and algorithms Ilia!. 

result in short-term success (high test grades). Sitting down quietly and passivei~~ 

at their desks doing routine and repetitive exercises seems to be more habitual 01' 

female than male students. This is one of the reasons wl-1~1 we see female students 

usually outperform male students in tests and examinations. However, emphasis 

on rote learning sends an incorrect message to students co~~cerning the nature 01' 

mathematics. and the skills that are important. Proficiency in rote  memo^-isation. 

\vhic21 results in shoi-t-term success (high test scores). may be acI~ie\~ed a1 r i ~ c  

expense of the illore impel-[ant goals of increasi~lg conceptual understanding and 

developing confidence and competence in mathematical proble~n-solving and 

reasoning skills. 
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2.6.2 Instrumental Learning 

Learning inathenlatics is very much concerned with leal-i>ing algori thms. /l\n 

algorithm is a step-by-step procedure for doing a particular mathematical 

operation. These steps must be carried out in correct sequence. according to its 

flowchart, in order to get the right answer. In mathematics. from psimar!.. 

secondary and college level. there are all kinds of algosithn~s wllicll IIIUS~ he 

learned by students. Some examples of algorithms are: 

+ Long multiplication and division. 

+ Adding, subtracting, nlultiplying and dividing fractions. 

+ Multiplying matrices. 

+ Changing denary numbers to binary. 

+ Solving linear and quadratic functions. 

+ Finding lninimuill or maximum point of a curve by differentiation. 

+ Finding area or volume by integration. 

lilstrunleiltal learning refers to the approacl~ which emphasises leariling 01' 

algorithms. instrumental learners usually learn the step-by-step procedul-rs 01' thC 

algorithm by menlorising. Learning is instrulnental by nature - to he ablc to L I S ~  
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the algorithm correctly in their effort to solve and get the right answer to :I 

jx-oblen1. The learners- lllai11 concern is the "how" but not tlie A ' ~ l ~ y "  aspect nl' 

learning. This approach will lead to instrumental understanding. but 1101 relational 

understanding (Skemp, 1976). Instrumental learners are able to use algorjthms. 

but they do not understand the ideas or concepts behind these algorithms. 

According to Skemp(I976), students have achieved instrumental understand in^ if 

they understand what to do to get the right answer. but they have not necessaril~. 

achieved relational understanding. For example, many students are able to carry 

out the step-by-step procedure of the algorithm for changing denary numbers to 

binary. Given a denary number, divide it by 2 and record the quotient and the 

remainder (either 0 or 1). Continue dividing the quotient by 2 until the quotient is 

0. The remainders. written in reverse order, are the required binary n u ~ ~ ~ b e r .  

Students can easily carry out the above steps. but it is doubtful that they 

understand why the algorithm works. Without relational understanding- these 

algorithms are meaningless to the students. 

Scott-Hodgetts (1986) claims that female students understanding 01' 

mathel~~atical concepts and operations tends to be instrunlental whereas that 01' 

nlales tends to be relational. Instrumental learners ul~derstand rules and 

algorithn~s without reasons. These learners will have difficulty to general ise 

kr~owledge to other instances or to see relationsl~ips between \ 'ar io~~s topics. 
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Brown and Wheatley ( 1989) asserted that instrumental understanding does not 

require the constn~ction. representation. or transformation of'any images. as does 

relational understanding. Rules and algorithms sl~ould be used thougl~tfull\~ so as  

to develop and promote relational understanding. Too much instrumental 

understanding in learning mathematics is like building a tower on insecure 

foundations. Such a tower will eventually collapse. lnstrumental learners usuall\. 

get high scores in class tests because they are proficient in the "how" aspect of 

doing mathematics. However. when it comes to performing high-level cognitive 

tasks and solving unfamiliar problem, instrumental learners usuall!. crumble ~unci 

fail. 

2.6.3 Surface and Deep Processing Strategy 

Marton and Saljo (1 976) identified two contrasting approaches to the processing 

of information in learning situations. They called these two approaches as surface 

and deep processing. In surface processing approacl~. the student focuses solel! 

on the learning material itself, and regards the material as what needs to he 

learned. without attempting to understand and link it to a larger conceptual 

framework. Students. who use surface processing approach. are usui~ll\ 

extrinsically motivated. These students are nlotivated to fulfil the  demands plirc.cd 

on them by others. They are very much examination oriented. I'hcir goal i n  
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l1earning is to get high grades in examinations. Meaning and undel-standing 

becomes secondary to them. These students will study when examinations arc 

near. 

Surface processing approach has often been equated with rote learning (Marton. 

Watkins, and Tang, 1997). Learning is regarded as a passive transmission 01' 

knowledge to the brain of the learner. Students usually play the passive role - sit 

quietly. listen. read and memorise. Characteristics of students who use surface 
I 

processing approach are lack of interest in the subject. passive learning. unrelated 

memorising. learning with intention to reproduce for exa~nination. and fear of 

failure. 

According to Marton and Saljo (1976), in deep processing approach, studems 

regard the learning material as a means in seeking understanding of the 

underlying meaning of the learning material. The students seek to understand 

beyond the signs and words of the material they are reading or listening to. Deep 

understanding and nleaning are the primary goal. Students. who use deep 

processing approach. are usually intrinsically motivated. They lo\.e knowiedgc. 

and learn for the sake of learning, with less concern about others evaluations 01' 

their performance. Scoring high grades in exan~inations is not their primas? goal. 

Learning is viewed as constructing meaning in the process 01' understanding 

I-eality. 
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Success in examinations can be achieved through either approach. but i n  

situations wllich require deep understanding rather than just reproducing facts 

and information. students who use deep approach will excel. Characteristics of 

students who use deep processing approach are high interest in the subject matter. 

orientation towards mastery of knowledge: .mindfulness active learning with 

intention to understand. and ability to relate ideas and comi~lunicate ideas to 

others. These students are more confidence of their learning abilit!.. They are 

motivated to study not by fear of failure in examinations. but b\. their need to 

perform their best and achieve excellence in life. 

Wan Zah (1 992) found that surface processing approach is the dominant learning 

strategy among second year university students. The students' intention in 

performing the learning task determines whether they choose surface 01. deep 

processing approach. Students. Lvhose intention is to seek ineaning and 

understanding of the learning material, will choose deep processing approach. 

Whereas students. whose intention is just to get good grades and to fulfil coursc 

requirements. will choose surface processing. 

Wan Zah (1  992) proposed that teachers should encourage students to use deep 

processing approach in their learning strategy. This is because deep processing 

approach. which emphasises meaning and understanding. will result in the love 

fbr knowledge. and will enable students to think creatively and critically. Sw-liicc 
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processing approach, on the other hand, emphasises memorisation of facts and 

information so that they can be recalled and reproduced during examination. 

When students learn without meaning and understanding. they will not be able to 

~ppreciate knowledge and feel the joy of ldarning. 

2.6.4 Meaningful Learning 

In meaningful learning strategy, students will attempt to seek understanding and 

meaning so that the material they are learning makes sense to them. According to 

Ausubel (1968), meaningful learning is a process in which students actively 

construct their own learning outcomes. In his theory of meaningful leal-i-ninp. 

Ausubel (1 968) proposed that meaningful learning occurs when students relate 

new material non-arbitrarily and substmtively to their cognitive structure. For 

this to happen, the learning material must have the potential of making sense to 

the students, and the students must possess and use relevant cognitive structure 

during learning. 

Rote and meaningfully learned materials are represented and odganised 

differently in the students' cognitive structure (Ausubel, 1968). Meaningi'ul 

learlling promotes good transfer of knowledge and enhances problem-solving 

ability. In meaningful learning, students take an active role in learning. In order 

to understand what they are learning, students must actively construct meaning 

93 
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(Wittrock. 1990). The meaningful learner is an active processor of infor~nation 

who is trying to make sense out of the presented material (Mayel-. 1992) 

In mean ine l  learning. students are not passive recipient of knowledge. but they 

engage in an active role of constructing and expanding their cognitive structures. 

According to Mayer (1 987). there are three cognitive processes involved in the 

process of meaningful learning: 

Reception and selection of information. 

This requires students to concentrate and to attend to the incoming 

information (through reading the text or listening to lecture) so that the 

information gets into their sensory memory. During this process. srudenrs 

select relevant information and transfer that information fl-0111 a rapid 1). 

decaying sensoq memory to active conscious~~ess in short-term memory. 

Organisation of information: 

M7hen the selected information has been transferred to short-term memor!.. 

the students engage in the cognitive process of organising the infornlation. 

Organisation. whicl~ takes place in short-term memory. is the cognitive 

process of building internal connections among the selected pieces of' 

information so that they become a coherent and integrated ~vhole. 
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integration of information: 

Integration is the cognitive process of building external connections betwee11 

the new incoming information and relevant existing knowledge. The nen 

information is integrated with other familiar knowledge structures \vIlicI~ have 

already existed in long-term memory. For meaningful learning to occur- 

students must possess prerequisite or prior knowledge of the new incoming 

information. Without relevant prior knowledge. the new info]-mation will not 

be learned meaningfully because the students are not yet cognitively read\ for 

it. 
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INPUT 

RECEPTION & SELECTION 
IN 

I SENSORY MEMORY 

- OUTPUT 

SHORT-TERM MEMORY 

CALL 

LONG-TERM MEMORY 

FIGURE 2.3 Fiowchart of Meaningful Learning Process 

Active learning is the main characteristic of meaningful learning. Students:are not 

passive absorbers but active constructors of knowledge. In the construction 01' 

knowledge, they select relevant information, build internal connections, and build 

external connections. Wittrock (1990) found that students. who construct and 

generate internal and external relations in what they are leanling. were able t o  
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gain more comprehension and transfer of knowledge. To create active learning 

situations, teachers should use teaching strategy which allows their students to 

engage in activity and discussions. Teachers should create appropriate questions 

and problems so as to stimulate thinking or mental activity in the students. The 

purpose of active learning is to encourage students to actively engage the 

cognitive processes of selecting, organising, and integrating during learning. 

Meaningfulness occurs when learners are able to form connections or 

associations between an idea and other ideas in the long-term rnenzory 

(Gagne,Yekovich, & Yekovich, 1993). Organising and attaching new inforillation 

to old is critical in meaningful learning. Organisation refers to the process of 

clustering related items of content into categories or patterns in the cognitive 

structure. To achieve meaningful learning, learners have to be cognitively active. 

According to Vygotsky, meaningful learning occurs when students engage 

tl~emselves in problem-solving activities that are just beyond their current level of 

nlental functioning, which l ~ e  referred to as "zone of proximal development" 

(Blanck, 1990). Teachers should give their students problenls which are slightl~, 

beyond their present competence. There should be active learning tiuoueh 

~neaningfbl activities. Students should not be asked to memorise but rather to 

engage in problem-solving activities and then try to draw out reflective meaning 

through discussion. 
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The view that learners are active constructors of knowledge and not passive 

recipients or absorbers of knowledge has been the main idea of constructivism. 

Constructivists believe that understanding is gained by an active process of' 

construction rather than by passive assimilation of information. or rote 

lnemorisation (Confrey, 1990). They have been strongly influenced by Piaget's 

idea that conceptual abilities grow out of intellectual activity rather than by 

absorption of information (Steffe, Cobb, & von Glasersfeld. 1988). Meaningful 

learning has been the emphasis of constructivism. 

Greeno (1991) criticised the learning situation where in most scl~ools, what 

students mostly do is listen, watch, and mimic things that the teacher and 

textbook tell and show them. Learning is an active and constructive process. 

Students should be encouraged to actively construct their knowledge and skills 

through interaction with the physical and social environment, and through 

reorganisation of their own mental structures. 

Cobb (1990) also criticised the information-trm~sn~ission approach ol' 

illathematics education, where students are considered isolated, and are driven to 

absorb a collection of pre-specified mathematical facts, iules, and procedures. 

Students should be equipped with the necessary knowledge, skills, beliefs, and 

n~otivation to approach new problems and learning tasks in an efficient and 

successful way (De Corte, 1995). 
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Constructivism is a view of learning which emphasises the active role of the 

learner in building understanding and making sense of the world. Characteristics 

of constructivism are (Mayer, 1996): 

+ Learners construct their own meaning-. 

+ New learning depends on current understanding. 

+ Social interaction and discussion facilitates learning. 

Meaningful learning occurs within authentic learning tasks. 

Tl.lroug11 constructivism, students can achieve meaningfulness in learning. 

Students need to be cognitively active in linking new knowledge to what they 

already know, and in the application of knowledge to authelltic situations. 

Interaction and discussion with teachers and other students. and relating 

knowledge to real experiences are tools for gaining meaningfulness. Teachers 

should go beyond lecturing and telling as their teaching method. Instead, they 

should move toward "structuring reflective discussions of the illeaniilgs and 

inlplications of content and providing opportmities for students to use the content 

as they engage in inquiry, problem solving, or decision making" (Good C% 

Brophy. 1997, pp. 398 - 399). 

ha
k M

ilik
 M

ARA



2.7 Learning Styles 

In any learning situation, learners have their, own unique ways of engaging in the 
I 

learning process. Learners have their own preferred ways of learning or learning 

styles. Lindvall and Cox (1969) found that one of the characteristics of individual 

differences among students is their learning styles. Learning style is combination 

of processes and strategies which are used consistently by a student whenever 

helshe engages in a learning activity (Schrneck, 1988). Keefe (1982) viewed 

learning style as the individual's cognitive, affective and behavioural 

characteristics which determine how the individual perceives, interacts and 

responds with the world around him. 

According to Gremli (1996), learning style is the way a person processes. 

internalises and cdncentrates on new learning materials. Each person learns in a 

unique way. No one person learns in exactly the same way as another person. 

Students will learn better when they receive information in the same way as they 

process information. Dunn (1992) describes learning style as the way a person 

concentrates on, processes, internalises, and remembers new learning material. 

Learning styles involve the various stages in learning wl~ich include how the 

person takes in the information, processes that information internally, and then is 

able to remember and use that information. 
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Many researchers have conducted studies on iildividual differences in learning 

styles. Various learning styles have been identified such as reflectivity versus 

impulsivity, divergent versus convergent thinking style and global versus 

analytic. Franklin (1992) identified learners who are either global or analytic in 

their learning styles. Global learners are described as holisticlvisual and analytic 

learners as verballanalytic (Tharp, 1989). Learners can also be identified as either 

field-dependence or field-independence in their learning styles (Witkin, Moore. 

Goodenough, & Cox, 1977). Field-dependent individuals see objects in terms of 

large, connected patterns. Field-independent individuals, on the other hand, tend 

to notice the discrete and individual parts of the object. 

FieM-dependent learners are global or visualholistic in their learning style. Field- 

independent learners, on the other hand, are verballanalytic in their learning style. 

Lourdusamy (1 994) found that the field-dependencelindependence iearning style 

is related to achievement in school subjects. Field-independent learners are able 

to think analytically, and they have shown better performance in mathematics and 

subjects related to mathematics (Lourdusamy, Zainal, Gajaraj, Peter Choo,& Lee 

Ean Kee, 1989). Tlweadgill (1979) and Berenson (1985) have also found that 

field-independent students performed significantly better then field-dependent 

students in mathematics. Cognitively, field-independent students are analytically 

oriented, and they are able see the whole object, break it into its constituent parts. 

and focus on details. 
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According to Witkin, Moore, Goodenough and Cox ( I  9771, field- 

dependencelindependence learning styles are stable traits of individuals, which 

affect the way how they learn in the classroom. Field-dependent learners perceive 

objects, ideas or concepts globally. They like to relate ideas or, concepts to 

personal experience. These learners are very 'dependent on their teachers. They 

like teachers who can guide them, give demonstrations and show them how to 

organise their school work. They like to build strong relationship with their 

teachers, and seek reward from their teachers. They like to co-operate and work 

with others, and they are sensitive to the feelings and opinions of the people wit11 

whom they work. 

Field-independent learners, on the other hand, are analytic in their learning style. 

When presented with objects, ideas or concepts, they are able to break into parts 

and focus on details of these various parts. They can focus on the facts and 

principles of the material which they are required to learn. These leainers are not 

dependent on teacher. They rarely establish close relationship with teacher. The)/ 

formally interact with teacher only when there are specific tasks to be done 

involving the teacher. They are independent learners who prefer to work alone, 

like to compete, and seeknon-social rewards. They can organise their schoolwork 

by themselves. 
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Garger and Guild (1984) believe that field-dependent and field-independent 

learners employ different cognitive processes during learning activities i n  

classroom. Thus, teachers should use different approaches when teaching these 

two types of learners. Fieldbdependent learners like to establish strong 

relationship with teacher. They prefer teachers who are caring. warn1 and 

approval in nature. Teachers should use social and tangible rewards in order to 

motivate these types of learners. Teachers should use co-operative leariliilg 

strategies because these learners prefer to interact and work with others during 

learning. Lessons and assignments should be properly structured and organised 

by teacher. For these learners, teacher should play the role of a iecturer. 

demonstrator, checker, re-enforcer, grader, and lesson designer. 

For field-independent learners, teachers should be formal in their interactioi~s 

with these learners. Teachers should show that they are the experts in the sub-ject 

they are teaching. Teacher should use mastery learning strategy, and inotivate 

these learners through non-social rewards, such as high grades. Allow these 

learners to structure and organise their work on their own. These learners prefer 

to work on their own, and teacher should give them independent projects. For 

these field-independent learners, the teacher should play the role of a consultant. 

listener, negotiator, and facilitator. 

ha
k M

ilik
 M

ARA



2.7.1 Kolb's Model of Learning Styles 

After an elaborate and intensive study on learning styles, Kolb (1 976,1984, 198.5) 

proposed his model of learning style which is known as Kolb's Learning Styles 

Model. Kolb (1976) identified four learning styles which he called 

accommodation, assimilation, convergence and divergence. Accomrnodators. 

assimilators, convergers and divergers are names given to individuals wllose 

learning styles are as mentioned respectively. Kolb developed his own learning 

style inventory in 1976, and later revised it in 1985. Kolb's learning style 

inventory is used as an instrument to identify students whether they are 

accornrnodators, assimilators, convergers or divergers. 

Kolb's model of learning styles is theorised on the premise that individuals differ 

in learning according to how they perceive and process inforination and reality. 

Individuals differ in the way they perceive information and reality on a scale 

ranging from an orientation toward concrete experience to an orientation towards 

abstract conceptualisation. In the processing of information and reality. they 

differ on a scale ranging from an orientation toward reflective observation to an 

orientation toward active experimentation. 
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accommodation. Table 2.4 summarises the four learning styles and their modes of 

perceiving and processing information. 

I 
ERIENCE OBSERVATION 1 

I 
CON N EXPERIRENTATION i 

I 

Table 2.1 Iiolb's Learning St\.les 

In the Kolb's model, concrete experience, abstract coiiceptualisatio~i. reflective 

observation, and active experimentation are called modes of learning. These four 

modes of learning are defined as follows: 

I .  Concrete experience 

In this tiiode of learning. learners focus on concrete oljects. and rclatc 

learning materials to concrete situations and personal experiences. Feeling. as 
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opposed to thinking, plays the major role in the learnillg process. These 

learners take an intuitive or artistic approach in learning activities. They are 

good intuitive decision makers, and they prefer to learn and work ill 

unstructured situations. They are open-minded, and they like to relate to other 

people and get involved in real situations. 

2. Abstract conceptualisation 

This mode of learning focuses on abstract ideas and concepts using logic and 

reasoning. In learning activities, this type of learners emphasise thinking as 

opposed to feeling. These learners are good at learning abstract ideas and 

concepts. They can think and reason logically. and their approach in learning 

is more systematic and scientific, as opposed to intuitive or artistic. They are 

good at manipulation of abstract symbols, quantitative analysis. and analysing 

abstract ideas and concepts. 

3. Reflective observation 

Learners with this mode of learning focus on understanding the meaning of 

ideas, objects or situations by carefully watching and observing them. They 

emphasise on understanding through reflection, as opposed to action. They 

prefer learning activities which involve intuiting the meaning of ideas and 

situations, and seeing their implications. Being reflective and thoughtful. 

these learners can see things from different perspectives and appreciate 

different view points. Individuals who are oriented toward reflective 
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observation are usually patient, impartial @te. and tl~oughtful in 
3 consider 

making decision or judgement. 

4. Active experimentation 

Learners with active experimentation mode of learning prefer action. They 

emphasise on doing as opposed to observing. In learning situations. they 

focus on practical applications as opposed to reflective understanding. Tlley 

enjoy doing activities and like to get things done. 

Concrete experience and abstract conceptua-lisation are two contrasting modes of 

learning. They are the two ends of a continuum (the vertical axis in figure 2.4). 

Modes of learning of individuals may be anywhere on that continuum. Diverge111 

and accommodative learning styles are more oriented toward concrete experience 

mode of learning. Assimilative and convergent learning styles are more oriented 

toward abstract conceptualisation mode of -learning. Active experimentation and 

reflective observation are two ends of another continuun~ (horizontal axis in 

figure 2.4). Divergent and assimilative learning styles are inore oriented toward 

reflective observation mode of learning. Convergent and accolnmodative learning 

styles are more oriented toward active experimentation mode of learning. 
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2.7.2 Characteristics of the four learning styles 

+ Convergent 

The dominant modes of learning of individuals with convergent learning style 

are abstract conceptualisation and active* experimentation. Individuals with 

this learning style are called convergers because they do best in situations like 

conventional intelligence tests, where there is a single correct answer to a 

problem. Convergers like learning materials which involve hypothetical- 

deductive reasoning. They are good at problem solving, decision making. and 

practical application of ideas. They are controlled in their expression of 

emotion, and they prefer activities which deal with technical tasks and 

problems rather than social and interpersonal issues. 

Personality-wise, they are of the extraverted thinking type. Convergers are 

analytic, impersonal, objectively critical, and they put great emphasis on logic 

and reasoning. They are strict disciplinarians who follow rules and 

regulations. They are highly committed in work, and they hate confusion. 

inefficiency, halfway measures, and anytiung aimless and ineffective. 

Convergers are competent in deciding skills which include creating new ways 

of thinking and doing, experimenting with new ideas. choosii~g the best 

solution, setting goals, and making decisions. Academically, they tend to 

specialise in areas related to science and technology, such as ei~gineering. 

Career-wise, convergers prefer science-based professions where the jobs are 
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technical in nature and require high degree of expertise. They are specialists 

in their areas of work. Engineers, doctors, computer programmers, medical 

technicians, and applied scientists are usually convergers. 

+ Divergent 

Divergent learning style emphasises concrete experience and reflective 

observation as the modes of learning. Individuals with this learning style are 

called divergers because they perform well in situations that call for 

generation of alternative ideas and implications, such as a brainstormi~lg 

session. Divergers have imaginative ability, and they can view concrete 

situations from many perspectives. They are feeling-oriented, and like to 

work with people. Personality-wise, divergers have a strong incli~latio~l 

toward introversion and feeling. They have a great sense of dutj. and 

obligation. They prefer work involving personal values. 

Divergers are competent in valuing skills which include being sensitive to 

people's feelings and their values, listening with an open mind. gathering 

information, and imagining implications of uncertain situations. In schools 

and colleges, divergers like social sciences, and they tend to major in' areas 

such as history, literature, language, political science, and psychology. 

Career-wise, they prefer jobs in arts, entertainment, and service organisations. 

Divergers tend to take up jobs such as actors/actresses. athletes. artists. 
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musicians, designers, social workers, counsellors. therapists. and personnel 

tnanagers . 

+ Assimilation 

The dominant modes of learning of assimilative learning style are abstract 

conceptualisation and reflective observation. Individuals with this learning 

style are called assimilators because they are good at assimilating disparate 

observations into an integrated model. They have strong ability in inductive 

reasoning, which enable them to formulate theoretical models. Assimilators 

are less focused on people but are more concerned with ideas and abstract 

concepts. They do well in learning activities which involve abstract ideas and 

concepts. Assimilators are introverted and intuitive in their personality. With 

their intuitive insight and inner vision, assimilators are usually the great 

innovators in the field of ideas, principles and systems of thought. Strong 

determination, perseverance and endurance are personal qua1 ities wllicl~ 

enable assimilators to create new ideas and theoretical models. 

Assimilators are competent in thinking skills wl~ich include 01-ganising 

information, building conceptual models, testing theories and ideas, desigilillg 

experiments, and analysing quantitative data. Acadeillically. assi~lzilators 

prefer subjects which deal with abstract ideas and concepts. They tend to 

illajor in areas like mathematics, economics. chemistry, and physics. They 

prefer jobs which are related to their reflective and abstract conceptualisation 

capabilities. Mathematics and science teachers, writers, librarians. college 

ha
k M

ilik
 M

ARA



professors, planners, research and development scientists, and I-esearchers are 

usually assimilators. 

+ Accommodative 

The dominant modes of learning of accommodative learning style are 

concrete experience and active experimentation. Individuals with this learning 

style are called accommodators because they are good at adapting to changing 

situations or circumstances. Accommodators like to carry out plans and tasks, 

and get involved in doing activities. They are oriented toward opportunity 

seeking, risk taking, and action. They take an intuitive trial-and-error 

approach in learning and problem solving activities. Accommodators are 

people oriented, and they are usually at ease working with people. 

Personality-wise, accommodators are extraverted and sensing in nature. Their 

personal characteristics are adaptable, realistic, good-natured, unprejudiced, 

open-minded, patient, easy-going, and tolerant of other people. They lean-11 

best from first-hand experiences than from books. They are good at doing 

things but not on written tests. 

Accomrnodators are competent in areas involvillg acting skills, such as 

committing oneself to objectives, seeking and exploiting opportunities. 

influencing and leading others, an dealing and getting personally involved 

with people. Academically, accommodators tend to major in areas related to 

business, nlarketing and management. Career-wise. accon~nlodators tend t o  

clloose social professions where they usually hold executive positions. 
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Managers, supervisors, public administrators, salespersons. public relations 

officers, and politician are usually individuals who have accommodative 

learning style. 
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CHAPTER 3 

RESEARCH METHODOLOGY 

This chapter explains research design, sampling of respondents for the research. 

instruments of measurement and the procedures of constructing these 

instruments. Procedures of collecting data from the respondents and methods of 

statistically analysing the-data are also explained in this chapter. 

3.1 Comparative Survey Research Method 

This research was carried out using comparative survey research method. The 

survey was cross-sectional in nature, where cross-sections of three different 

populations were studied at a single point in time. The survey was also 

comparative in nature. A comparative study and analysis of san~ples from three 

different populations were made. The respondents of this research were fonk five 

Malay students. 
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The three different populations of form five students were categorised as 

follows: 

[I] Population of students who were very excellent in mathematics (VESG). 

[2] PopulAtion of students who were good in mathematics (GSG). 

[3] Population of students who were weak in'mathematics (WSG). 

Respondents were asked to answer an inventory of questionnaires. These 

questionnaires are of the close-form type, using likert scale from one to five.. 

These questionnares have been carefully constructed so that they are short, 

comprehensible and can be answered easily by the respondents. The nwnber of 

questionnaires in each inventory have also been carefully decided so as not to 

take too much of respondents' time. The researcher went to the schools where the 

survey was undertaken. Questionnaires were distributed to the respoildeilts 

tlnough their mathematics teachers. The researcher sought the help and assistance 

from these mathematics teachers in supervising the answering session. 

3.2 Respondents of Research (sampling) 

The populations of this research were form five Malay students from secondarj. 

schools in Malaysia. Samples were chosen to represent the three different 

populations of secondary school students according to their levels of achievemeilt 

in mathematics. To represent the population of students who were very excellent 

in mathematics, the researcher chose students from Maktab Rendah Sains MARA 
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(MRSM), Pengkalan Chepa, Kelantm. MRSM Pengkalan Chepa was chosen 

because it is one of the three MRSM in the country which has been selected for 

special education program. The other two are MRSM Taiping and Jasin. Students 

admitted Into MRSM Pengkalan Chepa are selected from the very top of the 

group of students who qualify to study 'in MRSM. These students were 

categorised as very excellent students because of the following criteria: 

(i) These students had performed very well in their PMR examination. All of 

them scored grade A in all the eight subjects, including mathematics and 

science, which they had taken in the examination. 

(ii) These students scored high marks in the MRSM Entrance Test. 

All form five students from MRSM Pengkalan Chepa were asked to answel- the 

questionnaires. One hundred students were then randomly selected from this 

group. The random selection had to fulfil these two requirements: 

(i) They had taken the whole tests and answered all the questionnaires. 

Respondents who did not answer any parts of the test, or who did not 

answer the tests satisfactorily (such as giving the same response to all the 

questionnaires) were rejected. 

(ii) They scored high marks for additional mathematics in the SPM Trial 

Examination 1999. 

This group of 100 students were the samples which represented the population of 

students who were very excellent in mathematics. They are labelled as VESG, in 

short for very excellent students group. 
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To represent the population of students who are good in mathematics, sampling 

was made from MRSM Kota Putra, Besut. These students were categorised as 

good but not excellent students according to these two criteria: 

(i) Their PMR Examination results were not as good as the' students who 

were selected into MRSM Pengkalm Chepa. Many of these students 

scored only six As in the PMR Examination. Six As (including 

mathematics and science) and two Bs are the minimum requirements for 

entrance into MRSM. 

(ii) Their scores in The MRSM Entrance Test were not very high. 

All form five students from MRSM Kota Putra were given the tests. Then. 100 

students were randomly selected according to these two requirements: 

(i) The students had taken the whole tesr and answered all the 

questionnaires satisfactorily. This is the same as the first requirement 

for selecting VESG. 

(ii) The scores that the students got for additional mathematics in the Trial 

SPM examination 1999 were in the medium range. The rationale for 

selecting the medium range scores was .to reduce the chances of having 

students who were similar to students in the very excelieilt students 

group (VESG) or the weak students group. 

These 100 randomly selected students from MRSM Kota Putra were the samples 

which represented the population of good students. They are labelled as GSG. in 

short for good students group. 
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To represent the population of students who are weak in mathematics, sampling 

was made from a few schools which were known to have low-performing 

students. The majority of these students had problems in learning mathematics. 

The population of these problematic students were found in many daily schools. 

especially in the rural areas. These students. had performed very badly in PMR 

examination.The researcher was able to get about 300 weak students from daily 

schools in the district of Kuala Terengganu such as Sekolah Menengah 

Kompleks, Wakaf Tengah, Sekolah Menengah Tengku Mizan, Maras and 

Sekolah Menengah Ibrahim Fikri, Seberang Takir. 

These students were asked to take the tests. From these 300 weak students, 100 

students were randomly selected, and they were the samples which represented 

the population of weak students (WSG). The random selection had to fulfil these 

two requirements: 

(i > They must have taken the whole tests and answered all the 

questionnaires satisfactorily. Respondents who failed to do so were 

rejected. 

(ii) They got low scores for additional mathematics in the Trial SPM 

examination 1999. This was to make sure that they really represented the 

group of students who were weak in mathematics. 

The three different populations, and the sampling process described above are 

illustrated in figure 3.1 . 

ha
k M

ilik
 M

ARA



POPULATION : VESG 
SAMPLE : 100 STUDENTS 
FROM MRSM PENG. CHEPA 

PULATION : GSG. 
SAMPLE : 100 
FROM MRSM 

FROM ORDINARY SCHOOLS 

Figure 3.1 Population and Sampling 

3.3 Instruments of Research 

There are eight variables involved in this research. One is a dependent variable, 

and the other seven are independent varibles. The instruments for measuring 

these variables are discussed in this section. This research was carried out in 

Bahasa Melayu (Malay language). The Bahasa Melayu version of the instruments 

described here are given in appendix. 
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3.3.1 Students' Achievements in Mathematics (SAM) 

This is the dependent variable of the research. The researcher was able to get the 

scores that these students got for mathematics and additional mathematics in Trial 

SPM 1999 examination from the mathematics department of the schools 

involved. SAM is the mean of the scores that they get for mathematics and 

additional mathematics. These scores can be considered valid and reliable 

measuremets of students' relative abilities in mathematics because Trial SPM 

papers are standardized according to the actual SPM examination papers in terms 

of content and format. 

3.3.2 Attitudes Towards Mathematics 

The instrument for measuring attitudes towards mathematics is an inventory of 

close-form questionnaires using likert scale. The students were given the 

questionnaires, and they were asked to respond by selecting one of these clloices: 

1. Strongly disagree 2. Disagree 3.  Uncertain 4. Agree 5 .  

Strongly agree 

To ensure the validity of the, instrument, questionnaires were carefully 

constructed so that attitudes can be inferred through responses to these 

questionnaires. Triandis (1 97 1 ) and Ajzen (1 988) viewed attitude as a mu1 ti- 

dilnensional construct which includes cognitive. affective and conative 
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components. The researcher included these three co~nponents in constructii~g the  

questionnaires. These questionnaires include expressions of beliefs, feelings and 

behavioural intentions towards mathematics. Attitudes test inventory consists of 

these ten questionnaires: 

Mathematics is useful in everyday life. 

Mathematics is a difficult subject to learn. 

Mathematics is an interesting and stimulating subject. 

Mathematics is a subject which I like. 

I enjoy and feel happy learning mathematics. 

I always feel sleepy and lose concentration in mathematics class. 

I like to solve mathematics problems which are difficult and inentally 

challenging. 

I always do mathematics exercises and finish mathematics homework given 

by my teacher. 

I have never been absent from mathematics class without reason. 

If given a choice, I do not want to learn mathematics. 

The questioimaires above were purposely stated either positively or negativelj. in 

order to avoid leading the respondents towards a specific answer. When entering 

the data in SPSS, the responses to negative statements will be decoded. High total 

scores in the attitudes test indicate positive attitudes towards mathematics. 

Reliability test was conducted before this instrument was used for the research. 

This inventory of questioimaires were be given to a sainple of sixty students. 
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Reliability analysis was then carried out to determine if any of these ten items 

had to be omitted. 

3.3.3' Mathematics Anxiety 

The instrument for measuring mathematics anxiety was an inventory of close- 

form questionnaires using likert scale similar to the attitudes test. In constructi~lg 

these questionnaires, the researcher gave careful thoughts and considerations to 

the cognitive, affective and physiological aspects which are related to anxiety. 

This was to ensure that the contents of the questionnaires are valid for the 

purpose of measuring mathematics anxiety. Through responses to these 

questionnaires, we can infer the level of mathematics anxiety of the students. The 

mathematics anxiety test is an instrument consisting of the following 

questionnaires: 

1. I feel happy and enjoyable when the time comes for mathematics class. 

2. When in mathematics class, my thoughts and feelings are always calm and 

peaceful. 

3.  I do not feel nervous or afraid when asked to answer questions in 

lllathematics class. 

4. Even though sometimes difficult to understand, I am not afraid of' 

mathematics. 

5. Mathematics is not one of the subjects which incites the feeling of fear. 

or uneasiness in me. 
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6. Among the teachers who teach me, mathematics teacher is one of the teachers 

whom I am very afraid of. 

7. I ain always worried and afraid of mathematics tests. 

8. 1 feel very 'pressured because of too much exercises and homeworks given by 

my mathematics teacher. 

9. 1 frequently experienced tensed feeling such as racing heart beat while in 

mathematics class. 

10. I feel very anxious and afi-aid of mathematics, and this has led me to totally 

ignore this subject. 

When entering data in SPSS, responses for. questionnaires which were stated 

negatively, were decoded. High total scores indicate low level of mathematics 

anxiety. Like the attitudes test, mathematics anxiety had to undergo reliability test 

first before it was used for the research. Unreliable items were then omitted. 

3.3.4 Personality and Behavioural Characteristics 

The instrument for measuring this variable was an inventory of close-form 

questionnaires using likert scale similar to the two instrulnents nlelltioned above. 

Students need to have certain personality and behavioural characteristics in order 

to succeed in learning mathematics. This instrument measures whether the 

students possess these characteristics or not. In constructing the inventory of 

cluestionnaires, the researcher looked into the structure of mathematical 
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knowledge and carefully considered what kind of personality and behaviours that 

students should possess in order to succeed in acquiring this knowledge. For 

example, mathematics involves abstract reasoning, thus it requires yerso~lality 

which is rational, logical but not emotional in nature. 

Mathematical knowledge is hierachical in nature, thus students who have the 

habit of procrastination will encounter difficulties in learning the subject. 

Mathematics is sometimes difficult to understand, thus students cannot be shy 

and passive. They must ask questions, and play an active role by engaging in 

discussions and problem solving activities. 

These are the aspects which the researcher considered when constructing this 

instrument. Personality and behavioural characteristics test is an instrument 

consisting of the following questionnaires: 

1. I do not like to postpone doing work given by my mathematics teacher. 

2. I always finish mathematics homework on time as required by teacher. 

3.  I always follow mathematics lessons properly so as not to be left behind. 

4. I have my own orderly study timetable. 

5. I am not shy to ask my mathematics teacher whenever there is something 1 do 

not understand, or if there is a question I cannot answer. 

6. I like to ask and discuss with my friends when I study or do n~athe~llatics 

exercises. 

7. Whenever I do something, I do it carefully and not hurriedly. 
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8. Before doing something, I like to think logically, rationally. carefully al~d 

deeply, and not according to my emotions. 

9. Personality-wise, I am calm, peaceful and trust-worthy. 

10. I like to act according to my emotions, and have dbne many wrollg things 

which are against the rules of the school. 

Responses to the questionnaires which were stated negatively were decoded. 

Total scores were then calculated. High total scores indicate positive personality 

and behavioural characteristics. Like the two instruments above, this instrument 

had to undergo reliability test first before it was used for the research. 

3.3.5 Motivation to Study Mathematics 

The instrument for measuring motivation to study mathematics was an inventory 

of close-forrnquestionnaires using likert scale similar to the three instrun~ellts 

mentioned above. In contructing this instrument, the researcher carefully 

considered various factors, both instrinsic and extrinsic, which drive the students 

to succeed in learning mathematics. The instrument for measuring this variable is 

an inventory of the following questionnaires: 

I .  I have a strong commitment to achieve good grade for 111athematics in the 

coining SPM examination. 
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2. 1 enjoy the challenge of having to achieve high scores in mathematics tests 

given by my teacher. 

3.  I like to do work involving calculation, figures, and diagrams. 

4. Success in solving mathematics questions or problems gives satisfaction to 

me. 

5.  I like learning activities which are mentally challenging such as solving 

mathematical problems . 

6 .  I am not afraid of facing challenge and competition from other students in 

achieving excellence. 

7. Through hard work and effort, I can achieve high grade in mathematics. 

8. Only a few intelligent and gifted students can achieve high grades in 

mathematics. 

9. Success or failure is determined by my awn self, and not other people. 

10. I want to achieve excellence because I like to be recognised, praised. 

appreciated, and respected by friends, teachers, and others in my society. 

Responses to questionnaires which were stated negatively were decoded so that 

high total scores indicated high motivation. Like the earlier instruments, this 

instrument had to undergo a reliability test before it was used for the research. 

Sonle of the items were omitted when they were found unsuitable after reliability 

analysis had been made. 
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3.3.6 Learning Strategies 

The instrument for measuring learning strategies is an inventory of close-for111 

questionnaires using the likert scale like the above four instluments. Learning 

strategies range from the very crude method of rote-memorising to the 11101-e 

sophisticated method of meaningful learning. The questionnaires were carefully 

constructed so that from the responses given, we can infer the students' learning 

strategies. The instrument consists of the following questionnaires: 

I learn mathematics by memorising important facts, rules. formulas, and 

procedures which are found in mathematics. 

I do a lot of drilling exercises in order to raise my performance in 

mathematics. 

I do not stress understanding. The important thing is I remember and can 

carry out the steps in solving _the problems, as taught by the teacher, so that 1 

will get the correct answer. 

I study hard only when mathematics test is near. 

The purpose of why I study is to succeed in tests or examinations. 

I give an effort to understand fully every mathematics lesson. 

I ask my teacher and discuss with my friends in order to gain meaning of the 

nlathelnatics learning material. 

I study every mathematics lesson carefully and in depth until it becolnes 

nleaningful to me. 
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9. Mathematics is a subject about numbers, symbols, rules, formulas. and 

procedures which must be memorised and remembered by every student. 

10. Mathematics requires students to think intelligently, rationally, and logically 

so that they can understand abstract concepts. 

Some of the responses were decoded so that high total scores indicate an 

orientation towards meaningful learning strategies, and low total scores indicate 

an orientation towards rote-memorisation learning strategies. Relialibilty test was 

carried on this instnunent before was used for the research. 

3.3.7 Cognitive Readiness 

According to Piagetian theory of cognitive development, fiom age twelve 

onwards students have progresed fiom concrete operational to formal operational 

stage of cognitive development. At this formal operational stage, students have 

developed cognitive. structures which enable them to deal with not only concrete 

but also abstract objects, concepts and ideas. Formal operational students are able 

to think logically about abstract and hypothetical situations. and make 

generalisations. They can understand "if-then" relationships. tllink in symbolic 

terms. and are able to perform hypothetical-deductive reasoning. Cognitively. 

these students are ready to learn mathematical concepts and ideas which are 

abstract and symbolic in nature. 
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To succeed in learning mathematics, students must be cognitively ready for the 

subject. The researcher designed a cognitive readiness test as an instrument to 

measure students' cognitive readiness to learn mathematics. This instrument was 

designed to measure cognitive abilities with respect mathematics. Cognitive 

abilities which were considered relevent in the learning of mathematics are 

abstract reasoning, logical thinking, numerical computations, problem solving, 

and abilities to recognize and interpret symbols and patterns. In designing the 

instrument, the researcher referred to intelligent quotient tests by Eysenck and 

Evans (1996). Questions which are related to abstract reasoning, logical 

thinking, and numerical abilities were selected and adapted from the IQ tests by 

Eysenck and Evans (1 996). 

The cognitive readiness test is an instrument consisting of eighteen questions 

involving abstract reasoning, logical thinking, and numerical abilities. The 

eighteen questions for the test consist of: 

1. Two questions on logical thinking. 

2. Eight questions on abstract reasoning, which includes four questions on 

recognising and interpreting patterns of number sequences and four questions 

on recognising and interpreting abstract symbols and patterns. 

3. Eight questions on numerical and computational abilities. 

These questions are given in appendix B. Reliability test and items analysis were 

carried out first before this instrument was used for the research. Through items 
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analysis, questions which were found unsuitable or unreliable. were identified 

and omitted. 

3.3.8 Learning Styles 

The instrument of measurement for this variable is Kolb's Learning Style 

Inventory (1985). Kolb (1985) designed this learning style inventory for 

determining students' learning styles. This inventory consists of twelve items. 

Each item begins with a statement followed by a choice of four endings wl~ich 

relate to the four modes of learning as proposed by Kolb (1985) : Concrete 

experience (CE), abstract conceptualization (AC), active experimentation (AE)- 

and reflective observation (RO). Respondents were asked to rank these endings 

from 1 (least like my way of learning) to 4 (describes my way of learning best). 

The students' preferred mode of learning can be identified by the total scores that 

they get for CE, AC, AE and RO. Kolb's learning style inventory is shown in 

appendix C. 

There are four learning styles: Accommodation, divergence, assimilation and 

convergence. Students' learning styles can be deterinined by the follb\ving 

procedures: 

I .  Calculate the total scores for CE, RO, AC and AE. These are the total scores 

for ranks given by respondents in colulnns 2 to 5. 
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2. Calculate: AE - RO. This is the value for the horizontal axis in figure 3.2. 

3. Calculate: CA - CE. This is the value for the vertical axis in figure 3.2. 

4. Plot the values from (2) and (3) on the axes in figure 3.2 to determine the 

learning style. 

Figure 3.2 Learning Styles Type Grid 
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3.4 Validity and Reliability of Instruments 

To ensure validity and reliability of instruments used, the researcher carried out 

an extensive and careful study about the nature of all the variables which were to 

be investigated. To ensure validity, careful considerations were made in 

constructing questionnaires so that, content-wise, they are valid and serve as a 

valid measure for the variables involved.. The questionnaires were carefully 

constructed so that they are easy to understand and can be answered easily by 

respondents. The researcher studied inventories of instruments that have been 

used and tested by other researchers who have conducted research involvi~lg 

these variables. 

To ensure reliabilty, these instruments were first tested on a group of sixty 

students. Responses to the questionnaires in the instruments by this group of' 

students were analysed. The reliabilty analysis was carried out using SPSS. Each 

item in the instrument was analysed through the process of items analysis. Items 

which were not suitable or not reliable were omitted. After the analysis, cl~anges 

or corrections were made. Then only these instruments were used for the 

research. 

3.5 Analysis of Data 

The data collected was analysed using SPSS. The main questions of the research 

were to determine whether significant correlation exists between the dependent 
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variable, SAM, and the other seven independent variables. For inter groups 

coillparison, the main questions were to determine whether the mean scores for 

the seven independent variables are significantly different for the three groups. 

Finally, multiple regression analysis was carried out'to get an equation which 

relates SAM with the seven independent variables. 

There were three types of statistical analyses which were carried out using SPSS 

for Windows Version 9.05 : 

1. Correlation (using Pearson correlation). The correlation coefficients between 

SAM and the seven independent variables - attitudes towards mathematics, 

mathematics anxiety, motivation to study mathematics. personality and 

behavioural characteristics, cognitive readiness, learning strategies, and 

learning styles - were calculated. Significant tests were also carried out to 

determine whether the correlation coefficients were significant or not at 0.05 

or 0.0 1 level. 

2. Comparing means (using multiple comparisons Post Hoc Tests). The analyses 

carried out were to determine whether the means that the three groups. 

VESG, GSG and WSG, scored were significantly different or not. 

3. Multiple regression. Through the multiple regression analysis, an eq,uation, 

which relates SAM with the seven independent variables, was obtained. This 

equation can be used for prediction purposes. 
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CHAPTER 4 

RESEARCH FINDINGS AND ANALYSIS OF DATA 

This chapter discusses the process of collecting data, sampling, reliability and 

items analysis in designing the instruments for measuring the variables, and 

finally the analysis of data. The analysis of data involved correlation tests. 

multiple comparisons tests, and multiple regression analysis. 

4.1 Collection of Data 

Data were collected from three non-homogenous groups of form five students 

who were identified as very excellent students group, good students group, and 

weak students groups. The criteria for determining these three groups were 

already discussed in chapter three. The researcher went to these schools, and with 

the help of the heads of mathematics units of the schools, the researcher was 

able to carry out the survey. The schools involved in the research were : 

I .  Maktab Rendah Sains MARA, Pengkalan Chepa ( 282 students) 

2. Maktab Rendah Sains MARA, Kota Putra, Besut (302 students) 
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3. Sekolah Menengah Ibrahim Fikri, Seberang Takir, Kuala Terengganu 

(4 1 students) 

4. Sekolah Menengah Kompleks, Mengabang Telipot, Kuala Terengganu 

(67 students) 

5. Sekolah Menengah Tengku Mizan, Maras, Kuala Terengganu ( 133 

students). 

All the students who took part in the-survey were science stream students who 

took additional mathematics for their SPM examination. Since the survey was 

divided into two parts, and given at two different times, many students did not 

return both the questionnaire papers. After checking through all questionnaire 

papers that were returned, many papers had to be rejected because of the 

following reasons : 

Only one part of the survey was returned 

Many items in the survey were not answered. 

* Names were not written so the two parts of the survey could not be identified 

as belonging to any particular student. 

. . 
The questionnaires were not properly or seriously answered such as giving 

the same number responses (such as all 5s or all 1 s) to all questiorls. 

Mathematics and additional mathematics scores for the trial SPM 1999 

examination of the students were not known or available. 
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All the survey papers returned were examined to determine whether they could be 

accepted or rejected. The number of papers returned, rejected and accepted is 

shown in table 4.1 below: 

Table 4.1 Number of Papers Returned, Rejected and Accepted 

Name of school 

Papers Papers Papers 

returned rejected accepted 

Maktab Rendah Sains MAIL4 1 280 
14 266 

Kota Putra 

Sekolah Menegah Kompleks 1 64 7 5 7 
Kuala Terengganu I 

4.2 Sampling Process 

- - - ..... - - . - .. 
G'L--~--- ............................ ..................................................... 
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Very Excellent Students Group (WSG) 

...........-.... ....- ...... *X...X......".L .... - .... ,. ..,.. .. ....... .i- ....--. 
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One hundred questionnaire papers were randomly selected from the 247 

acceptable papers returned by the students of Maktab Rendah Sains MAR& 

Pengkalan Chepa. To ensure that these samples represented very excellent 

students, the random selection had to fi.11fill the requirement that the students' 

scores for additional mathematics in the trial SPM examination must be above 
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50%. Students who answered the survey papers satisfactorily and scored more 

than 50% in additional mathematics were isolated from the rest, and 100 papers 

were randomly selected from this group. 

Good Students Group (GSG) 

After examining all the survey papers returned by students of Maktab Rendah 

Sains MARA Kota Putra, Besut, 266 papers which, were satisfactorily answered. 

were obtained from this school. Then 100 papers were randomly selected as 

saniples to represent good students group. To ensure that the samples represented 

good students with average ability in mathematics, only students who scored 

between 30% and 50% for additional mathematics were randomly selected. 

Weak Students Group (WSG) 

Tlie total number of survey papers returned from Sekolah Meiiengah Ibrahim 

Fikri. Sekolah Menengali Tengku Mizan and Sekolah Menengah KonlpIeks was 

229. After examining the papers, the researcher was able to get 198 papers which 

were answered satisfactorily and acceptable for the research.. Then. 100 papers 

were randomly selected as samples to represent the weak students group. To 

ensure that the samples represented weak students, only students who scored 
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below 30% for additional mathematics in the trial SPM examination were 

randomly selected. 

4.3 Reliability Analysis 

To determine reliability, the instruments were tested on a sample of sixty form 

five students from the same population groups. Reliability analysis was 

conducted on the instruments using SPSS 9.05 for Windows. The reliability 

analysis included analysis for all items in the instruments. The details of the 

analysis are given in appendix. This section discusses the results of the analysis. 

Attitudes Towards Mathematics Test 

Reliability test using scale alpha was carried out on the instrument involving all 

the ten items. The alpha coefficient for the instrument. which included all the ten 

items, was 0.7760. After analysing all the items. the researcl~er decided to onlit 

item 1 and 9. Item 1 had the highest mean of 4.7667 (maximum is 5) and a 

relatively low standard deviation of 0.6207. This means that allnost all the 

respondents gave the score of five for this questionnaire. Item 1 also had a low 

itern-total correlation of 0.1742. Item 9 was omitted because it also had a low 

item-total correlation of 0.2990, which was second lowest aftel- item I . 
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Reliability test was again carried out on the instrument using the remaining eight 

items. The alpha coefficient with these eight items was 0.7856, which was higher 

than the alpha coefficient with ten items. Thus, the instrument for measuring 

attitudes towards mathematics would include only eight items. Item 1 and 9 were 

omitted. 

Mathematics Anxiety Test 

Reliability test using scale alpha was carried out on this instrument involving all 

the ten items. The alpha coefficient for this instrument was 0.7706. All items had 

positive and relatively high item-total correlation coefficients. Thus, the 

researcher decided to retain all the ten items for this instrument. 

Personality and Behavioural Characteristics Test 

Reliability test using scale alpha was carried out on this instrunlent involving all 

the ten items. The alpha coefficient for this instrument was 0.81 14. Ail items had 

positive item-total correlation coefficients. Thus, all the tell items were used tor 

the instrument. 
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Motivation to Study Mathematics Test 

When all the ten items were included in the reliability test using scale alpha. the 

alpha coefficient bbtained was 0.5283, which was quite low in term of reliability. 

Afier andysing all the items, this low alpha.coefficient was due to items 9 and 

10. Both items 9 and 10 had negative item-total correlation coefficients. After 

omitting these two items, a satisfactory alpha coefficient of 0.72 12 was obtained. 

Thus, items 9 and 10 were omitted, and the final instrument was consisted of the 

remaining eight items. 

Learning Strategies Test 

With all the ten items were included, the instrument gave an alpha coefficient of 

0.6739. Looking at the item-total statistics, items 5 and 10 were found to be 

unsuitable because they had very low item-total correlation coefficients of 0.0824 

and 0.1369 respectively. When these two items were omitted, an alpha coefficient 

of 0.7212 was obtained. Thus, items 5 and 10 were omitted, and the final 

instrument was consisted of the remaining eight items. 

Cognitive Readiness Test 

Eighteen items were constructed for this'instrument. The reliability test using all 

the eighteen items gave an alpha coefficient of 0.5672. After analysing all the 
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items. items 3, 9 and 11 are found to be unsuitable. Item 9 had a mean of 1 and 

standard deviation 0, which means that all respondents got the correct answer for 

this question. In the item-total statistics, item 9 had 0 item-total coefficient. Itenls 

3 and 11 had negative item-total correlation coefficients. After omitting these 

three items, the instnunent gave an alpha coefficient of 0.6297. Thus, items 3, 9 

and 11 were omitted, and the final instrument was consisted of the remaining 15 

items. 

Learning Styles 

The instrument for determining learning styles is Kolb's Learning Styles 

Inventory. This inventory has been used and tested by many researchers in 

determining learning styles. It has been found to be highly reliable with alpha 

coefficient between 0.81 and 0.87 (Willcoxson & Prosser, 1996). 

4.4 Analysis of Research Data 

The analyses conducted are in the form correlation (using Pearson correlation). 

multiple comparisons (using ANOVA and .Post Hoc Tukey HSD Tests), and 

multiple regression analysis. The details of the analyses are shown in the 

appendix. This section discusses the results of the analyses. The results of 
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correlation tests and multiple comparison tests are shown in table 4.2 and 4.3 

respectively. 

Table 4.2 Results of Correlation Tests 

Mathematics anxiety 

Motivation to study mathematics 

Personality & behavioural characteristics 

Cognitive. readiness 

Learning strategies 

Learning style : (i) CE 

(ii) AC 

(iii) RO 

(iv) AE 

- 0.298 
0.275 

- 0.125 

0.115 

0.000 

0.000 

0.03 1 

0.047 
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Table 4.3 Results of Multiple Comparisons Tests 

Note: The number 0.000 in the fourth column is a rounded figure for p-dalue < 

0.00005. 

VARIABLE 

Attitudes towards 

mathematics 

Mathematics 

anxiety 

Motivation to study 

mathematics 

Personality and 

behavioural 

characteristics 
- 
Cognitive readiness 

Learning strategies 

Learning style: AC 

VES Sig. 

- GSG test 

- 0.01 1.000 

- 1.44 0.11 

0.18 0.931 

- 2.03 0.008 

0.89 0.016 

- 1.4 0.040 

0.97 0.525 

VESG Sig. 

- WSG test 

3.58 0.000 

2.89 0.000 

3.17 0.000 

0.95 0.345 

4.11 0.000 

3.41 0.000 

3.69 0.000 

GSG Sig. 

- WSG test 

3.59 0.000 

4.33 0.000 

2.99 0.000 

2.98 0.000 

3.22 0.000 

4.81 0.000 

2.72 0.007 
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4.4.1 Results of Correlation Tests 

The correlation coefficients were calculated using Pearson correlation. The 

correlation coefficients, which were calculated, were the correlation between 

SAM and the seven independent variables. The results obtained were as follows: 

SAM and Attitudes Towards Mathematics 

Table 4.4 Correlation between SAM and Attitudes Towards Mathematics 

SAM (students achievements in mathematics) were positively related with 

attitudes towards mathematics. The Pearson correlation coefficient between SAM 

and attitudes towards mathematics was 0.479. The two-tailed significant test gave 

the p-value of less than 0.00005 (in the output, this figure is rounded to 0.000), 

which means that this correlation is significant at 0.01 level. Thus, null 

hypothesis number 1, which states that there is no significant relationship 

between SAM and their scores in the test of attitudes towards mathemptics, is 

rejected. This finding confirms hypothesis 1 which states that students with 

higher achievements in mathematics will have higher scores in the test of 

attitudes towards mathematics. High scores in the test of attitudes towards 

mathematics indicate positive attitudes towards the subject. Therefore, this 

- 
Variable 

Attitudes towards mathematics 

Pearson Correlation 

0.479 

Sig. test (2- tailed) 

0.000 
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finding suggests that mathematics achievements can be enhanced by fostering 

positive attitudes towards the subject. 

SAM and Mathematics Anxiety 

The correlation test showed that there was a positive relationship between SAM 

and their scores in mathematics anxiety test. The Pearson correlation coefficient 

between SAM and mathematics anxiety was 0.342. The two-tailed significant test 

gave the p-value < 0.00005, which means that the correlation is significant at 

0.01 level. Thus null hypothesis number 2, which states that there is no 

significant relationship between SAM and their scores in mathematics anxiety 

test, is rejected. This finding confirms hypothesis 2 which states that, students 

with higher achievements in mathematics will have higher scores in mathematics 

anxiety test. High scores in mathematics anxiety test indicate low level of 

mathematics anxiety. This finding suggests that in order to raise students' 

achievements in mathematics, efforts must be made to reduce their level of 

mathematics anxiety. 

Table 4.5 Correlation between SAM and Mathematics Anxiety 

Variable 

Mathematics anxiety 

Pearson Coefficient 

0.342 

Sig. Test (2- tailed) 

0.000 

1 
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SAM and Motivation to Study Mathematics 

Table 4.6 Correlation between SAM and Motivation to Study Mathematics 

Variable 

The correlation test showed that there was a positive relationship between SAM 

and motivation to study mathematics. The Pearson correlation coefficient 

between the two variables was 0.381. The two-tailed significant test gave the p- 

value < 0.00005, which means that the correlation is significant at 0.01 level. 

Thus, null hypothesis number 3, which states that there is no significant 

relationship between these two variables, is rejected. This finding confirms 

hypothesis 3, which states that students with higher achievements in mathematics 

will have higher scores in the motivation to study mathematics test. High scores 

indicate that the students have strong motivation to study mathematics. This 

finding suggests that mathematics achievements can be raised by enhancing 

students' motivation to study the subject. 

Pearson correlation 

0.000 
1 I 

Sig. Test (2-tailed) 

Motivation to study mathematics 0.3'81 
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SAM and Personality and Behavioural Characteristics 

Table 4.7 Correlation between SAM and Personality & Behavioural 

Characteristics 

The correlation test showed that there was a positive relationship between SAM 

and their scores in the personality and behavioural characteristics test. Even 

though the Pearson correlation coefficient was low (0.137), it was significant. 

The two-tailed significant test gave the p-value = 0.018, which means that the 

correlation was significant at 0.05 level, Thus, null hypothesis number 4, which 

states that there is no relationship between SAM-and their scores in the 

personality and behavioural characteristics test, is rejected. This result confirmed 

hypothesis 4 which states that students with higher achievements in mathematics 

will have higher scores in the personality and behavioural characteristics test. 

High scores mean that the students have positive personality and behavioural 

characteristics such as hardworking, always finishing work on time, obedient and 

patient. This finding suggests that by promoting and fostering these ~ositive 

personal qualities, mathematics achievements can be enhanced. 

Sig. Test (2-tailed) 

0.018 

Variable 

Personality & behav. characteristics 

Pearsdn correlation 

0.137 
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SAM and Psychological Readiness 

Table 4.8 Correlation between SAM and Psychological Readiness 

Variable 

Psychological readiness was not a variable by itself. Students' psychological 

readiness towards learning mathematics was determined by the above four 

variables: Attitudes towards mathematics, mathematics anxiety, motivation to 

study mathematics, and personality and behavioural characteristics. The score for 

psychological readiness was obtained by taking the sum of the scores for the four 

variables. 

The correlation test showed that psychological readiness was positively related 

Pearson correlation 

0.000 
I 

with SAM. The Pearson correlation coefficient was 0.404. The two-tailed 

Sig. Test(2-tailed) 

Psychological readiness 

significant test gave the p-value < 0.00005, which means that the correlation was 

0.404 

significant at 0.01 level. This finding suggests that students with higher 

achievements in mathematics have a higher level of psychological readiness 

towards learning the subject. 
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SAM and Cognitive Readiness 

Table 4.9 Correlation between SAM and Cognitive Readiness 

The correlation test showed that SAM was positively related with the scores that 

they got in cognitive readiness test. The Pearson correlation coefficient was 

0.557, which was the highest compared to coefficients for the other variables. 

The two-tailed significant test gave the p-value < 0.00005, which means that the 

correlation was significant at 0.01 level. This means that null hypothesis number 

5, which states that there is no relationship between SAM and their scores in 

cognitive readiness test, is rejected. This confirms hypothesis 5: Studentsbwith 

higher achievements in mathematics will have higher scores in cognitive 

readiness test. This finding suggests that students can raise their performance in 

mathematics by improving their skills in abstract reasoning, logical thinking and 

numerical computations. 

Variable 

Cognitive readiness 

Pearson correlation 

0.557 

Sig. Test(2-tailed) 

0.000 
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SAM and Learning Strategies 

The correlation test showed that SAM and their scores in learning strategies test 

were positively related. The Pearson correlation coefficient was 0.421. The two- 

tailed significant test gave the p-value < 0.00005, which means that the 

correlation was significant at 0.01 level. Thus, null hypothesis number 7, which 

states that there is no relationship between SAM and their scores in the learning 

strategies test, is rejected. The significant positive correlation shows that students 

with higher achievements in mathematics score higher in the :earning strategies 

test. Higher scores indicate that the students are oriented towards meaningful 

learning as opposed to rote-memorising. This finding suggests that mathematics 

achievements can be improved if the students do not just rote-memorise their 

learning materials. Instead, they should strive for meaning and understanding in 

what they are learning. 

Table 4.10 Correlation between SAM and Learning Strategies 

r 

Variable 

Learning strategies 

Pearson correlation 

0.42 1 

Sig. Test(2-tailed) 

0.000 
- 
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SAM and Learning Styles 

Table 4.11 Correlation between SAM and Learning Styles 

Learning styles involved these four modes of learning: Concrete experience (CE), 

abstract conceptualisation (AC), reflective observation (RO) and active 

experimentation (AE). The correlation tests showed that SAM had significant 

correlation with these four modes of learning. SAM were negatively related with 

CE and RO. The Pearson correlation coefficients for CE and RO were - 0.298 

and - 0.125 respectively. The two-tailed significant tests gave the p-value < 

0.00005 for CE and p-value 0.03 1 for RO. This means that the correlation for CE 

and SAM, and RO and SAM were significant at 0.01 and 0.05 level respectively. 

Variable 

Learning styles : (1) CE 

(2) Ac 

(3) Ro 

(4) AE 

SAM were positively related with AC and AE, and the Pearson coefficients were 

0.275 and 0.1 15 respectively. The two-tailed significant tests gave the p-~value < 

0.00005 for AC and p-value 0.047 for AE. This means that the correlation for AC 

and SAM, and AE and SAM were significant at 0.01 and 0.05 level respectively. 

Pearson correlation 

- 0.298 ' 

0.275 

- 0.125 

0.115 

Sig. Test(2-tailed) 

0.000 

0.000 

0.03 1 

0.047 
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Therefore, these two null hypotheses: ( 1 )  There is no relationship between SAM 

and AC, and (2) there is no relationship between SAM and RO, are rejected. 

The correlation test results showed that mathematics achievements were 

positively related with active experimentation mode of learning. This finding 

suggests that matherri$ics require students to be active and not just reflective. 

This is because in mathematics, they need to discuss and ask questions, do lots of 

exercises, and solve all types of mathematical problems. Mathematics 

achievements were positively related with abstract conceptualisation mode of 

learning. This finding confirms not only hypothesis 6,  but also the general view 

that mathematical knowledge is abstra~t by nature and thus it requires students to 

be able to engage in learning activities which involve abstract conceptualisation. 

4.4.2 Results of Multiple Comparisons Tests 

This section discusses the results of the inter groups comparisons. The inean 

scores of the seven variables that the three groups got were analysed to 

determined whether these means were significantly different. The compariso~~s 

were carried out using ANOVA and Post Hoc Tukey HSD Tests. The results 

obtained were as follows: 
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Attitudes Towards Mathematics 

Table 4.12 Mean Differences of Attitudes Towards Mathematics 

The test gave an unexpected result of - 0.01 for the mean difference between 

VESG and GSG (VESG - GSG). The researcher expected to see a positive 

difference because students in VESG should have more positive attitudes than 

the students in GSG. However, the difference in the means of these two groups 

was very small, and the significant test gave the p-value = 1.000, which means 

that it was not significant at 0.05 level.. Thus the null hypothesis, Hi  : Mean 

VESG - mean GSG = 0 (there is no difference in the means of VESG and GSG) 

cannot be rejected. The attitudes towards mathematics of VESG and GSG are not 

significantly different. 

VARIABLE 

Attitudes towards 

mathematics 

For VESG and WSG, the mean difference was 3.58, and the sign~fj~atlt test gave 

the p-value '< 0.00005, which means that the difference is significant at 0.01 

level. Thus, the null hypothesis, & : Mean VESG - mean WSG = 0 (there is no 

difference in the means of these two groups) is rejected. This confirms the 

hypothesis that the mean for VESG is greater than the mean for WSG. The 

GSG Sig. 

- WSG test 

3.59 0.000 

VESG Sig. 

- GSG test 

- 0.01 1.000 

VESG Sig. 

- WSG test 

3.58 0.000 
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students in VESG have a more positive attitude towards mathematics than the 

students in WSG. 

For GSG and WSG groups, the result showed that the mean for GSG was greater 

than the mean for WSG by a difference of 3.59. The significant test gave the p- 

value < 0.00005, which means that the difference was significant at 0.01 level. 

Thus, the null hypothesis, Ho : Mean GSG - mean WSG = 0 (there is no 

difference in the means of GSG and WSG) is rejected. This confirms the 

hypothesis that the mean for GSG is greater than the mean for WSG. Students in 

GSG have a more positive attitude towards mathematics than the students in 

WSG. 

Mathematics: Anxiety 

Table 4.13 Mean Differences of Mathematics Anxiety 

For mathematics anxiety test, higher scores indicated a lower level of 

mathematics anxiety. The difference in means for mathematics anxiety test scores 

VARIABLE 

Mathematics 

anxiety 

VESG Sig. 

- GSG test 

- 1.44 0.113 

VESG Sig. 

- WSG test 

2.89 0.000 

GSG Sig. 

- WSG test 

4.33 0. 0,OO 
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between VESG and GSG was - 1.44. This is unexpected because the researcher 

expected to see a positive difference to indicate VESG has a lower level of 

mathematics anxiety than GSG. However, the difference was not significant at 

0.05 leltel, as indicated by the p-value = 0.1 13. Thus, the null hypothesis, Ho : 

Mean VESG - mean GSG = 0, cannot be rejected. The levels of mathematics 

anxiety between these two groups of students are not significantly different. 

For VESG and WSG, the difference was 2.89, and it was significant at 0.01 level 

as indicated by the p-value < 0.00005. Thus, the null hypothesis, Ho : Meail 

VESG - mean WSG = 0, is rejected. This confirmed the hypothesis that the mean 

for VESG is greater than the mean for WSG. This means that the students in 

VESG had a lower level of mathematics anxiety than the students in WSG. 

For GSG and WSK, the mean for GSG was greater by a difference of 4.33. The 

significant test gave the p-value < 0.00005, which means that this difference was 

significant at 0.01 level. Thus, the null hypothesis, Ho : Mean GSG - mean WSG 

= 0, is rejected. This confirmed the hypothesis that the students in GSG have a 

lower level of mathematics anxiety than the students in WSG. ha
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Motivation to Study Mathematics 

Table 4.14 Mean Differences of Motivation to Study Mathematics 

In the motivation to study mathematics test, the mean score for VESG was 

greater than the mean score for GSG by a small difference of 0.18. However, this 

difference was not significant at 0.05 level as indicated by the p-value = 0.931. 

Thus, the null hypothesis, I-& : Mean VESG - mean GSG = 0, cannot be rejected. 

This means that levels of motivation to study mathematics between these two 

groups were.not significantly different. 

For VESG and WSG, the mean for VESG was greater by a difference of 3.. 17, 

and this difference was significant at 0.01 level as indicated by the p-value < 

0.00005. Thus, the null hypothesis, Ho : Mean VESG - mean WSG = 0, is 

rejected. This confirmed the hypothesis that the mean score for VESG is 

significantly greater than the mean score for WSG. This means that the students 

in VESG had stronger motivation to study mathematics than the students in 

WSG. 

VAlUABLE 

Motivation to 

study 

mathematics 

VESG Sig. 

- GSG test 

0.18 0.931 

VESG Sig. 

- WSG test 

3.17 0.000 

GSG Sig. 

- WSG test 

2.99 0.000 
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For GSG and WSG, the mean for GSG was greater by a difference of 2.99. The 

significant test gave the p-value < 0.00005, which means that the difference was 

significant at 0.01 level. Therefore, the null hypothesis, 6: Mean GSG - mean 

WSG = 0, is rejected. This confirmed the hypothesis that the mean for GSG is 

greater that the mean for WSG. This means that the students in GSG had stronger 

motivation to study mathematics than the students in WSG. 

Personality and Behaifioural Characteristics 

Table 4.15 Mean Differences of Personality & Behaviourd Characteristics 

In the personality and behavioural characteristics test, higher scores indicated that 

the students had a more positive and favourable personality and behavioural 

characteristics for learning mathematics. The difference in the mean scores 

between VESG and GSG was - 2.03, and it is significant at 0.01 level as 

indicated by the p-value = 0.008. This result was unexpected because the 

VARIABLE 

Personality and 

B ehavi oural 

characteristics 

VESG Sig. 

- GSG test 

-2.03 0.008 

VESG Sig. 

- WSG test 

0.95 0.345 

GSG Sig. 

- WSG test 

2.98 0.000 
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researcher expected the students in VESG to have a more positive and favourable 

personality and behavioural characteristics, and therefore, their mean score 

should higher than the mean for GSG. The same unexpected result was obtained 

for means comparison between VESG and WSG. Even though the mean for 

VESG is greater than the mean for WSG, the difference is very small (0.95) and 

was not significant at 0.05 level as indicated by the p-value = 0.345. This 

unexpected result will be W h e r  analysed and discussed in chapter 5. 

For GSG and WSG, the multiple comparisons test gave an expected result where 

the mean for GSG was greater than the mean for WSG by a difference of 2.98. 

The significant test gave the p-value < 0.00005 which means that the difference 

was significant at 0.01 level. Thus, the null hypothesis, & : Mean GSG - mean 

WSG = 0, is rejected. The mean for GSG was significantly greater than the mean 

for WSG. This means that the students in GSG had a more positive and 

favourable personality and behavioural characteristics than the students in WSG. 

Psychoiogical Readiness 

Table 4.16 Mean Differences of Psychological Readiness 
- 

GSG Sig. 

- WSG test 

13.89 0.000 

VARIABLE 

Psych. readiness 

VESG Sig, 

- GSG test 

- 3.3 0.210 

VESG Sig. 

- WSG test 

10.59 0.000 
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For VSEG and GSG, the difference in the means was - 3.3. The negative 

difference was unexpected, but the difference was not significant at 0.05 level, as 

indicated by the p-value = 0.210. Thus, there was no significant difference in 

psychological reladiness between these two groups. 

For VESG and WSG, the mean for VESG was greater than the mean for WSG by 

a difference of 10.59. The significant test gave the p-value < .00005, which 

means that the difference was significant at 0.01 level. This showed that the 

students in VESG had a higher level of psychological readiness towards learning 

mathematics than the students in WSG. 

For GSG and WSG, the mean for GSG was greater than the mean for WSG by a 

difference of 13.89, and this difference was significant at 0.01 level as indicated 

by the p-value < 0.00005. This means that the students in GSG had a higher level 

of psychological readiness towards learning mathematics than the students in 

WSG. 

Cognitive Readiness 

Table 4.17 Mean Differences of Cognitive Readiness 

VARIABLE 

Cognitive readiness 

VESG Sig. 

- WSG test 

4.11 0.000 

VESG Sig. 

- GSG test 

0.89 0.016 

GSG Sig . 

- WSG test 

3.22 0.000 
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In the cognitive readiness test, the mean for VESG was greater tllan the mean for 

GSG by a difference of 0.89. The difference was small, but it was positive and 

also significant at 0.05 level, as indicated by the p-value = 0.016. Thus, the null 

hypothesis, Ho : Mean VESG - mean GSG = 0, is rejected. This result confikmed 

the hypothesis that the mean for VESG is significantly greater than the mean for 

GSG. This means that the students in VESG had a higher level cognitive 

readiness towards learning mathematics than the students in GSG. 

For VESG and WSG, the mean for VESG was greater by a difference of 4.11. 

The significant test gave the p-value < 0.00005, which means that the difference 

was significant at 0.01 level. Thus, the null hypothesis, He: Mean VESG - mean 

WSG = 0, is rejected. The mean for VESG was greater than the mean for WSG. 

and this means that the students in VESG had a higher level cognitive readiness 

than the students in WSG. 

For GSG and WSG, the mean for GSG was greater by a difference of 3.22. The 

significant test gave the p-value < 0.00005, which means that the difference was 

significant at 0.01 level. Thus, the null hypothesis, Ho : Mean GSG - mean WSG 

= 0. is rejected. This confirmed the hypothesis that the mean for GSG is greater 

than the mean for WSG. The students in GSG had a higher level of cognitive 

readiness than the students in WSG. 

ha
k M

ilik
 M

ARA



Learning Strategies 

Table 4.18 Mean Differences of Learning Strategies 

In the learning strategies test, the multiple comparison test gave an unexpected 

result where the mean score for VESG was smaller than the mean for GSG 

(difference = - 1.4). The significant test gave the p-value = 0.040, which indicated 

that the difference was significant at 0.05 level. Thus, the null hypothesis, & : 

Mean VESG - mean GSG = 0, is rejected. The researcher expected a positive 

mean difference between VESG and GSG because the students in VESG should 

have a higher degree of orientation towards meaningful learning than the students 

in GSG. This unexpected result will be analysed and discussed hrther in chapter 

5. 

VARIABLE 

Learning strategies 

For VESG and WSG, the result was as expected where the mean for VESG was 

greater than the mean for WSG by a difference of 3.41, and the difference was 

significant at 0.01 level, as indicated by the p-value < 0.00005. Thus, the null 

hypothesis, & : Mean VSEG - mean WSG = 0, is rejected. The mean for VESG 

was significantly greater than the mean for WSG. The result suggested that the 

GSG Sig. 

- WSG test 

4.81 0.000 

VESG Sig. 

- GSG test 

- 1.4 0.040 

VESG Sig. 

- WSG test 

3.41 0.000 
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students in VESG were more oriented towards meaningful learning than the 

students in WSG. 

For GSG and WSG, the mean for GSG was greater by a difference of 4.8 1, and 

the difference was significant at 0.01 level, as indicated by the p-value < 0.00005. 

Thus, the null hypothesis, Ho : Mean GSG mean WSG = 0, is rejected. The 

mean for GSG was significantly greater than the mean for WSG. This result 

suggested that the students in GSG were more oriented towards meaningful 

learning than the students in WSG. 

Learning Style: Abstract Conceptualisation (AC) 

Table 4.19 Mean Differences of AC Learning Style 

The mean score for VESG was greater than the mean score for GSG by a 

VARIABLE 

AC Learning style 

difference of 0.97. However, the difference was small, and it was not significant 

at 0.05 level, as indicated by the p-value = 0.525. Thus, the null hypothesis, f i  : 

Mean VESG - mean GSDG = 0, cannot be rejected. There was no significant 

difference in the degree of orientation towards abstract conceptualisat ion mode of 

learning between these two groups. 

VESG Sig. 

- GSG test 

0.97 0.525 

VESG Sig. 

- WSG test 

3.69 0.000 

GSG Sig. 

- WSG test 

2.72 0.007 
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For VESG and WSG, the mean for VESG was greater than the mean for WSG by 

a difference of 3.69. The significant test gave the p-value <0.00005. which 

means that the difference was significant at 0.0 1 level. Thus, the null hypothesis, 

Ho : Mean VESG - mean WSG = 0, is rejected. The mean for VESG was 

significantly greater than the mean for WSG. The result suggested that the 

students in VESG have a higher degree of orientation towards abstract 

conceptualisation mode of learning than the students in WSG. 

For GSG and WSG, the mean for GSG was greater by a difference of 2.72, and it 

was significant at 0.01 level, as indicated by the p-value = 0.007. Thus, the null 

l~ypotheis. Ho : Mean GSG - mean WSG = 0, is rejected. The mean for GSG was 

significantly greater than the mean for WSG. This result suggested that the 

students in GSG had a higher degree of orientation _towards abstract 

conceptualisation mode of learning than the students inWSG. 

4.4.3 Results of Multiple Regression Analysis 

For multiple regression analysis, these four independent variables -- 

attitudes towards mathematics, mathematics anxiety. motivation to study 

mathematics, and personality and behavioural characteristics -- were grouped 

together under one variable, psychological readiness. The score for psychological 

readiness was the sum of the scores of these four variables. The other three 
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independent variables were learning strategies, cognitive readiness, and abstract 

conceptualisation learning style. Thus, there were four independent variables: 

(i) Psychological readiness 

(i i) Learning strategies 

(iii) Cognitive readiness 

(iv) Abstract conceptualisation learning style 

The dependent variable for the multiple regression analysis was SAM (Students 

achievements in mathematics). SAM were determined by calculating the mean of 

the scores that the students got for mathematics and additional mathematics in 

the Trial SPM 1999 examination. Thus, the predicted variable, SAM. is the 

mathematics score that the student will get. 

The detailed analysis is given the appendix. This section only discusses the 

results of the analysis. The sufnmary  of the results of the multiple regression 

analysis is shown in table 4.20. 
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Table 4.20 Results of Multiple Regression Analysis 

COGNITIVE READINESS 

LEARNING STRATEGIES 

ABSTRACT CONCEPTUALIS ATION 

SAM = 0.23 8 (PSYCHOLOGICAL.READlNESS) 

+ 3.4 1 1 (COGNITIVE READINESS) 

+ 0.768 ( LEARNING STRATEGIES) 

+ 0.62 1 (ABSTRACT CONCEPTUALISATION) 

- 56.256 

Note: 0.000 is a rounded figure for p-value < 0.00005 

The multiple regression analysis gave the coefficient of 0.238 for psychological 

readiness, 3.41 1 for cognitive readiness, 0.768 for iearning strategies, 0.621 for 

abstract conceptualisation learning style, and - 56.256 for the constant. The 

significant test gave all the p-values < 0.01, which means that all the coefficients 

were significant at 0.01 level. Thus, all the null hypotheses which state that the 

regression coefficients equal 0, are rejected. The multiple regression analysis 

ha
k M

ilik
 M

ARA



gave the prediction equation for determining SAM (mathematics score) fiom the 

scores of the four independent variables as: 

SAM = 0.23 8 (Psychological readiness) + 3.4 1 1 (Cognitive readiness) 

+ 0.768 (Learning strategies) + 0.62 1 (AC) - 56.256 

Based on the scores that a student gets for psychological readiness test, cognitive 

readiness test, learning strategies test, and learning style test (for abstract 

conceptualisation), we can predict the score that he/she will get for mathematics, 

by using the above prediction equation. 
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CHAPTER 5 

DISCUSSION OF RESEARCH FINDINGS 

5.1 Attitudes Towards Mathematics 

SAM and attitudes towards mathematics were positively related. The correlation 

test gave the correlation coefficient of 0.479, and it was significant at 0.01 level. 

Students who had higher scores in mathematics scored higher in the attitudes 

towards mathematics test. Higher scores in attitudes test indicated a more positive 

attitude towards mathematics. Thus, students' achievements in mathematics 

depended on the attitudes that they had towards the subject. Students with 

positive attitudes towards mathematics scored higher marks in the subject. 

This finding concluded that mathematics achievements and attitudes towards 

nlathematics were positively and significantly correlated. Studies which 

investigated the relationship between mathematics acl-rievements and attitudes 

towards mathematics by Cheung (1988) in Hong Kong, and Kreangsak Prowsri 

and Dr. Prapon Jearakul (1 986) in Thailand, have obtained similar result. Attitude 
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towards mathematics is, therefore, an important factor which determines the level 

of achievements in the subject. In order to raise students' achievements in 

mathematics, efforts must be made in fostering positive and favourable attitudes 

towards the subject. 

In fostering positive attitudes, the three aspects of attitudes - cognitive, 

affective, and conative - must be attended to. In the cognitive aspect, students 

need to have positive beliefs about the subject. They need to have the beliefs that 

mathematics is important in daily life, mathematics is an interesting subject, and 

it is not a difficult subject to learn. In the affective aspect, they need to foster 

positive feelings towards the subject. They need to foster the feelings that they 

like mathematics, and they enjoy and feel happy learning the subject. In the 

conative aspect, they need to foster positive behaviours towards mathematics. To 

achieve this, efforts must be made so that they enjoy doing mathematics. 

Activities, which involve routine mathematical exercises or solving challenging 

mathematical problems, must be seen as a rewarding, worthwhile and enjoyable 

experience which the students always look forward to. 

In the inter-groups comparisons, the results of the multiple comparison tests 

showed that there was no significant difference in the means for VESG and GSG. 

This can be due to the fact that all students in these two groups scored grade A 

for mathematics in PMR examination (which is a requirement for entrance into 

any Maktab rendah Sains MARA). Furthermore, VESG and GSG were selected 

students. and ail of them were aware of the importance of ~~~athen~at ics  for their 
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further studies in the fields related to science and mathematics. They were also 

aware that they need to have good grades in mathematics in order to be selected 

for further studies. Through this awareness, they developed almost sin~ilar 

positive 'attitudes towards mathematics. Thus, the difference in the attitudes 

towards mathematics between these two groups was not significant. 

The means for VESG and GSG were both significantly greater than the mean for 

WSG. The students in VESG and GSG had more positive attitudes towards 

mathematics than the students in WSG. This finding concluded that students, who 

had very excellent and good achievements in mathematics, had more positive 

attitudes towards mathematics than the students who had low achievements in the 

subject. Thus, efforts must be made to foster more favourable attitudes towards 

mathematics among the weak students in order to help them perform better in the 

subject. 

5.2 Mathematics Anxiety 

SAM and scores in the mathematics anxiety test were positively related. The 

correlation test gave the coefficient of 0.342, and it was significant at 0.0 1 level. 

In the inathematics anxiety test, the questionnaires were co~lstructed so that 

higher scores would indicate a lower level of mathematics anxiety. Thus. higher 

achievements in mathematics are associated with lower levels of matl~ematics 

anxiety. The negative influence of mathematics anxiety on matl~emat~cs 
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achievements has been found by many researchers in this field. Studies vr~l~ich 

investigated the relationship between mathematics anxiety and achievements in 

mathematics by Hembree(l990), and Suinn (1 972) had found similar result. 

This finding is consistent with the general. view that anxiety interferes with 

learning and with the ability to understand the learning material. Mathematics 

anxiety causes interference in conceptual thinking and memory processes 

(Skemp, 1986). Thus, this finding suggested that mathematics anxiety must be 

reduced to a comfortable level in order to facilitate learning and help raise the 

students' achievements in mathematics. High level of mathematics anxiety can 

lead to fear and avoidance of mathematics (Hembree. 1990). Efforts must be 

made to help students overcome mathematics anxiety. Teachers can play the role 

by reducing the tensed and anxious feeling during mathematics classes. Create 

activities so that learning becomes enjoyable, and students look forward to 

coming to mathematics classes. 

In the inter-groups comparison, the mean for VESG was smaller than the mean 

for GSG, which indicated that the students in VESG had higher mathematics 

anxiety than the students in GSG, which was the opposite of what the researcher 

expected. The reason these VESG students were more anxious was pro'bably 

because they were aware that they were in one of the best three Maktab Rendah 

Sains MARA in the country. Furthermore, their teachers always demanded that 

they produced high grades in mathematics. However, the significant test showed 

that the difference was not significant (p-value = 0.1 13). This was colisistent \witli 
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the fact that, for mathematics, students in these two groups did not differ much in 

their ability. All of them scored grade A for mathematics in PMR examination. 

The differences in means for VESG - WSG and GSG -L WSG were 2.89 and 

4.33 respectively, and the differences we're significant at 0.01 level. The 

conclusion from this finding is the students in VESG and GSG have a lower level 

of mathematics anxiety than the students in WSG. Weak students, who have low 

achievements in mathematics, have a high level of mathematics anxiety. To help 

these weak students perform better in mathematics, efforts must be made in 

reducing the level of their mathematics anxiety. 

5.3 Motivation to Study Mathematics 

SAM and motivation to study mathematics were positively related. The 

correlation test gave the coefficient of 0.342, and it was significant at 0.01 level. 

This finding gave the conclusion that students with stronger motivation achieved 

higher scores in mathematics. This finding is consistent with the results obtained 

by researchers who have conducted studies involving achievement and 

motivation. Pintrich & Schunck (1996) and Wang, Hal-tel, & Walberg (1993) 

found similar result: Motivation and achievement are positively correlaed. This 

is because highly motivated students are always eager to learn. give nlore effort. 

and persist in the face of difficulty (Stipek, 1996). Motivation is a force which 

energises and directs students towards achieving academic excellence. 
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Students' achievements in mathematics can be raised by giving regular talks, 

activities and programs aimed at enhancing their motivation to study 

mathematics. Students who are highly motivated to 'study mathematics can be 

characterised as follows: 

1. They have strong commitment to achieve excellent grade in mathematics. 

2. They enjoy performing challenging tasks. 

3. They like doing work involving figures, computation, and abstract objects. 

4. They find enjoyment and satisfaction when they succeed in solving 

mathematical problems. 

5. They like challenging learning activities such as solving difficult 

mathematical problems. 

6 .  They like to compete with other students in achieving excellence. 

7. They are hardworking and persistent. 

8. They believe that through effort and hard-work, they can achieve high grades 

in mathematics. 

In the inter-groups comparison, the multiple comparison tests showed that there 

was no significant difference in the level of motivation between VESG and GSG. 

The mean difference was 0.18, but it was not significant at 0.05 level (p-value = 

0.931). For VESG and WSG, the result showed that VESG had a stronger 

motivation than WSG. The mean difference was 3.1 7, and it was significallt at 

0.01 level (p-value < 0.00005). For GSG and WSG. the meal-! difference was 
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2.99, and it was significant at 0.01 level (p-value < 0.00005). GSG had stronger 

  no ti vat ion than WSG. This shows that students who have low achievements in 

mathematics are characterised by low level of motivation to study ~llathematics. 

Efforts must be made to raise the level of motivation of these weak students in ' 

order to improve their performance in mathematics. 

5.4 Personality and Behavioural Characteristics 

SAM and the scores for the personality and behavioural characteristics test were 

positively correlated. Although the correlation was quite low (0.137), it was 

significant at 0.05 level @-value = 0.018). The result shows that students with 

higher achievements in mathematics have a more positive personality and 

behavioural - characteristics. These positive personality and behavioural 

characteristics are: 

Do not procrastinate, and always finish homework on time. 

Always be at pace with teacher, and do not get left behind. 

Having my own orderly study time table. 

Do not feel shy to ask when do not understand. 

Like to ask and discuss with friends when doing mathematics. 

Do work carefully, and not hurriedly. 

Like to think logically, rationally, and deeply when doing something. 

Calm and honest. 
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9. Do not act according to emotions. 

10. Do not behave against school rules. 

In the inter-groups comparison, the multiple comparison tests gave an unexpected 

result. The mean difference between VESG 'and GSG was - 2.03, and it was 

significant at 0.01 level @-value = 0.008). The researcher expected to get a 

positive difference ta indicate that VESG have a more positive personality and 

behavioural characteristics than GSG. However, the result indicated the opposite. 

For VESG - WSG, the difference was 0.95, but it was not significant at 0.05 

level (p-value = 0.345). The researcher expected to get a bigger number fbr the 

difference, and the difference to be significant. Only for the GSG - WSG, the test 

gave the expected result where the difference was 2.98, and it was significant at 

0.01 level (p-value < 0.00005). This means that students in GSG had a nlore 

positive personality and behavioural characteiistics than the students in WSG. 

In order to understand the unexpected results for VESG versus GSG, and VESG 

versus WSG, the researcher analysed all the questionnaires in the personality and 

behavioural characteristics test. The detailed analysis can be seen in appendix. 

The summary of the result is given in table 5.1. 

Table 5.1 gives the mean scores of the three groups for all the ten questionnail-es 

in personality and behavioural characteristics test. Questionnaire number 4 gives 

the most unexpected mean scores for the three groups. The mean score for 

VESG, GSG and WSG respectively were 2.88. 3.44 aild 3 2 7 .  The mean score f i > l -  

ha
k M

ilik
 M

ARA



VESG was the lowest of the three. Questionnaire number 4 was: I have my o w n  

orderly study time table. 

Excellent students were expected to have their own orderly study time table, and 

they should choose response number 4 (agree) or 5 (strongly agree) to this 

questionnaire. Weak students were not expected to have their own study time 

table. However, the mean scores indicated that the opposite was true. The reason 

for this is probably because students in VESG have everything planned and 

arranged for them by their teachers. Residential schools usually prepare fixed 

schedules for their students. After the formal class hours. the times for meal. 

study, play and sleep have already been fixed by the school. The students have to 

follow these schedules. Thus, these students do not have to plan their own study 

time table. Their teachers have already decided and instructed them what and 

when to study. All they need to do is follow these instructions and the study time 

table that has been planned for them. Furthermore, the teachers demand that they 

follow the study time table. May be, this is why the students in VESG respoild 

ilegatively to this questionnaire. 

The students in WSG were in a different situation. After the formal school hours 

(usually from 7.30 in the morning to 2.30 in the afternoon). these students were 

free to do what they like. They had to decide for themselves what and wheil to 

study after the formal school hours and during the two-day weekends. Therefore. 

these students had to plan and prepare their own study time table. 
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As for the difference between VESG and GSG. except for iten1 number 10. the 

mean scores of all the items for GSG are greater than the mean scores for VESG. 

These figures showed that GSG had a more positive personality and behavioural 

characteristics than VESG. This unexpected result can be explained if we look 

carefully at the psychological nature or characteristics of the students in VESG. 

They were the top selected students. Academically, they were high achievers. 

They had achieved the best grades in the past, and they were strongly committed 

towards achieving the highest grades in their SPM examination. They strive for 

excellence, and demand the best from themselves. In whatever they are doing. 

perfection is what they strive for. 

These high achievers are usually critical of themselves, of their feelings and 

actions. They set high standards for themselves. Thus, when making self- 

evaluation, they tend to under rate themselves. They believe that they have not 

yet performed up to the high standards that they have set for themselves. This is 

probably the reason why the students in VESG score lower in the personality and 

behavioural characteristics test than the students in GSG. ha
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Table 5.1 Personality and Behavioural Characteristics Test: 

Mean Scores of VESG, GSG and WSG for all items in the test 

5.5 Psychological Readiness 

Item 

No. 1 

No. 2 

No. 3 

No. 4 

No. 5 

No. 6 

No. 7 

No. 8 

No. 9 

No. 10 

The scores for psychological readiness were obtained by taking the sum of the 

scores for attitudes towards mathematics test, mathematics anxiety test, 

motivation to study mathematics test, and personality and behavioural 

characteristics test. Psychological readiness and SAM were positively related. 

Mean VESG 

3.69 

3.47 

4.11 

2.88 

3.94 

4.30 

3.95 

4.04 

3.89 

1.99 

Mean GSG 

3.70 

3.54 

4.23 

3.44 

4.30 

4.39 

4.13 

4.20 

4.09 

1.60 

Mean WSG 

3.30 

3.10 

3.90 

3.27 

3.86 

4.26 

3.86 

3.75 

3.77 

1.47 
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The correlation coefficient was 0.404, and it was significant at 0.01 level (p-value 

< 0.00005). The finding showed that students with higher achievements in 

nlathematics were more psychologically ready to learn the subject. Thus. 

promdring psychological readiness towards mathematics will enhance 

mathematics achievements. 

For inter-groups comparison, the finding shows that there is no significant 

difference in the level of psychological readiness between VESG and GSG. Tlle 

mean difference is -3.3, but the difference is not significant at 0.05 level (p- 

value = 0.210). However, the finding shows that VESG and GSG are 

significantly different from WSG im term of psychological readiness. The llleail 

difference between VESG and WSG, and GSG and WSG are 10.59 and 13.89 

respectively. Both differences are significant at 0.01 level (p-value < 0.00005). 

VESG and GSG have a higher level of psychological readiness to learn 

mathematics than GSG. This finding concludes that mathematics achievemellts of 

weak students can be improved by enhancing their psychological readiness to 

learn the subject. 

5.6 Cognitive Readiness 

The finding showed that SAM and cognitive readiness were positively 

related. Tile correlation coefficient was 0.557, and it was significant at 0.01 level 

(p-value < 0.00005). Cognitive readiness influences mathematics achievements. 
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Students with a higher level of cognitive readiness scored higher in mathematics. 

Thus, cognitive readiness is an important factor which influences mathematics 

achievement. Students must be cognitively ready in order to succeed in learning 

mathematics. 

Results from the multiple comparison tests gave the same conclusion. Students in 

VESG had a higher level of cognitive readiness than the students in GSG and 

WSG. The students in GSG had a higher level of cognitive readiness than the 

students in WSG. Very excellent students were characterised by a high level of 

cognitive readiness, whereas the weak students were not quite cognitively ready 

to learn mathematics. Weak students must improve their abilities in abstract 

reasoning, logical thinking and numerical computation in order to perform better 

in mathematics. The nature of mathematical knowledge is abstract and 

conceptual. To understand mathematics lessons, students must be able to think 

logically and abstractly. Mathematics learning activities usually involve a lot of 

numerical computations. These are the three aspects of cognitive readiness wl~ich 

are lacking in the weak students. Improving these three aspects of cognitive 

readiness will lead to higher achievements in mathematics. Thus. in designiilg 

programs to help weak students perform better in mathematics. teachers sl~ould 

focus on these three aspects of cognitive readiness. 
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5.7 Learning Strategies 

The finding showed that learning strategies and SAM were positively related. 

The correlation coefficient was 0.421, and it was significant at 0.01 level (p-value 

< 0.00005). The students' learning strategies can range from the crude method of 

rote-memorising to the more sophisticated method of meaningful learning. 

Students with higher-achievements in mathematics scored higher in the learning 

strategies test, which indicated that these students' learning strategies were 

oriented towards meaningful learning. High achievement in mathematics requires 

students to use meaningful learning approaches. Meaningful learning involves the 

construction of meaning and deep processing of the learning material. 

In the inter-groups comparison, the multiple comparison tests showed that the 

mean for VESG and GSG were significantly greater that the mean for WSG. This 

means that students in VESG and GSG were more oriented towards meaningful 

learning approaches when compared to the students in WSG. Weak students were 

more oriented towards rote-memorising and recall approaches in learning 

n~athematics. Memorise and recall approaches will, undoubtedly. lead to low 

acl~ievements in mathematics because mathematics requires more than just the 

ability to memorise and recall the facts, procedures and forn~ulas. Mathematics 

learning activities are mainly problem solving which involves doing nuillerical 

computation. In performing problem solving activities, students need to not 011ly 

remember the procedures and formulas, but, they need to understand the logical 
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processes behind these procedures and formulas so that they can use them 

correctly under different situations. 

For VESG and GSG, the multiple comparison test gave an unexpected result of 

the mean for GSG being greater than the mean for VESG. However, the 

difference (- 1.4) was very small. This unexpected result was. probably, due to 

the fact that these very excellent students were under great pressure to achieve 

high grades in mathematics as demanded by their teachers. They, themselves. 

also set high target. Under such intense pressure put on them: these high 

achievers may, at times, resort to rote-memorising in order to achieve the high 

grades. 

5.8 Learning Styles 

SAM were positively and significantly correlated with abstract conceptualisation 

(AC) and active experimentation (AE) modes of learning. Students with higher 

scores in mathematics were more oriented towards abstract conceptualisatio~~ as 

opposed .to concrete experience mode of learning. This finding is consistent with 

the fact that mathematics is abstract and conceptual in nature. AC mode of 

learning focuses on abstract ideas and concepts, and it stresses on logical 

reasoning. AC learners think and reason logically. They are good at manipulatioil 

of abstract symbols, quantitative analysis, analysing abstract concepts and ideas. 

These are the characteristics that suit the learning of mathematics. This finding 

confirmed that AC and mathematics achievements were positively related. 
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The positive relationship between AE and mathematics achievements was not as 

expected by the researcher. The researcher expected mathematics achievements 

to be positively related with reflective observation (RO) mode of learning 

because the abstract nature of mathematics would require students to use 

reflection in order to understand the mathematical ideas and concepts. However. 

after considering the process of learning mathematics in the classroom, the 

positive relationship between mathematics achievements and AE is acceptable. In 

order to achieve high scores in mathematics, students have to be active and not 

just reflective or passive. Students must do lots of mathematics exercises, and 

solve mathematical problems. Furthermore, in order to understand, they must be 

active, ask questions and take part in discussions. Being just reflective and 

observant are not sufficient to succeed in learning mathematics. 

Since SAM were positively related with AC and AE, high achievers in 

mathematics were expected to be in third quadrant of the Kolb's learning style 

grid. In the third quadrant, learners are called convergers. Thus high achevers in 

~llathematics are convergers. By calculating the scores of AE - RO and AC - CE. 

and plotting these values in the Kolb's learning style grid, the learning styles ol' 

the students can be determined. The learning styles of the 300 students were 

determined. The number of students according to their groups, and their lear~ling 

styles are shown in figure 6.3. 
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Accommodator Diverger 

VESG : 13 

GSG: 15 

VESG : 45 

GSG: 41 

WSG: 17 

VESG: 14 

GSG: 17 

WSG: 36 

VESG: 27 

GSG: 27 

WSG : 31 

Converger Assimilator 

Figure 5.1 Analysis of Students and their Learning Styles 
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The analysis in figure 5.1 is consistent with the findings of the research. The 

~lu~nber of students with AC mode of learning is shown in the third an folpl-th 

quadrant . 

VESG --- 73 students 

GSG --- 68 students 

WSG --- 48 students 

VESG has the highest number of students with AC mode of learning (73). 

followed by GSG (68 students). This is consistent with the finding that 

mathematics achievements are positively related with AC mode of learning. The 

majority of the students who were oriented towards AC mode of learning were 

excellent and good students. Research finding has shown that mathematics 

achievements are associated with convergent learning style. The numbers in the 

third quadrant are consistent with this finding. The majority of the convergers are 

students in VESG (45 students) and GSG (41 students). Only 17 students in 

WSG are convergers. Of the 103 convergers, 86 are students who have high 

achievements in mathematics 

The conclusion from this finding is mathematics achievements can be associated 

with convergent learning style. Thus, convergent learning style shohld be 

promoted in order to raise mathematics achievements. Convergers are learners 

who prefer active experimentation and abstract conceptualisation as their nlodes 

of learning. The characteristics of convergers are: 
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They like abstract ideas and concepts 

They emphasise thinking, and not feeling. 

They can think and reason logically. 

They prefer doing than just observing. 

They enjoy doing and get things done 

They are emotionally controlled, analytic, and objectively critical. 

They are strict disciplinarians. 

They are highly committed in work 

They hate inefficiency and confusion. 

These are the characteristics which need to be promoted in the students in order 

to help them perform better in mathematics. 

5.9 Multiple Regression 

The findings had shown that mathematics achievements were related to the seven 

independent variables. The purpose of multiple regression analysis was to find an 

equation which relates mathematics achievements to the seven independent 

variables. In the multiple regression analysis, these four independent variibles - 

attitudes towards mathematics, mathematics anxiety, motivation to study 

illathe~natics and personality and behavioural characteristics - \yere gro~lped 

together as one variable called psychological readiness. The multiple regression 

analysis gave the following equation for predicting mathematics scores. 
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Mathematics score = 0.238 (psychological readiness) 

+ 3 -4 1 1 (cognitive readiness) 

+ 0.768 (learning strategies) 

+ 0. 62 1 (abstract conceptualisation learning style) 

This equation can be used to predict mathematics scores based on the scores of 

tke seven independent variables. This prediction equation can be used for 

diagnostic purposes. Teachers can ask their students to answer the seven tests h r  

the independent variables. After knowing the scores for the seven variables. 

teachers can predict the probable mathematics scores of their students. Froin 

these predicted scores, weak students can be identified at an early stage so that 

proper remedial actions can be taken to help these students perform better in 

mathematics. 

This prediction equation can also be used as an entrance test to select students 

who will perform well in mathematics. The prediction equation, together with the 

seven instruments, can be used in selecting suitable post PMR students who want 

to study in Maktab Rendah Sains MARA, or post SPM students who want to 

further their studies in mathematics related fields. However. these instruments are 

not suitable for post UPSR students (standard six primary school students) or 

students in institutions of higher learning because the cognitive readiness test is 

only suitable for students in age of 15 to 18 years old. 
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CHAPTER 6 

CONCLUSION 

6.1 Summary of Research Findings 

The purpose of the research was to find the factors within the students, which 

influenced mathematics achievements among Malay secondary school students 

in Malaysia. Seven factors had been studied, and the findings had shown that the 

seven factors correlated significantly with mathematics achievements. The 

findings suggested that teachers and students need to attend to these factors in 

order to enhance mathematics achievements. The factors identified in this 

research were internal factors. They were the internal conditions of the students. 

Since they were internal conditions, they were within the control of the students. 

Students should analyse and evaluate their own selves, and determine whether 

their internal conditions are favourable or not with respect to learning 

~llathematics. 

Students must be psychologically and cognitively ready in order to succeed in 

learning mathematics. The learning of mathematics can be facilitated further 

througl~ the use of right learning strategies and suitable learning styles. These are 
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the internal aspects of the students, which need to be fostered, in order to 

facilitate the learning of mathematics. If these internal conditions are negative 01- 

unfavourable, students must attempt to change these conditions so that they 

become positive and favourable. Then, hopefully, improvement in mathematics 

achievements will occur. 

Psychological readiness was an important factor that influenced mathematics 

achievements. The findings had shown that psychological readiness correlated 

positively and significantly with mathematics achievements. Weak students were 

not psychologically ready to learn mathematics. The psychological characteristics 

of weak students, who have difficulties in learning mathematics. were: 

1. They had negative attitudes towards mathematics. 

2. Their motivation to study mathenlatics was low. 

3. Their level of mathematics anxiety was high. 

4. Their personality and behavioural characteristics were negative and 

unfavourable for learning mathematics 

Positive attitudes towards mathematics will facilitate and enhance the learning of 

mathematics. Students need to have positive beliefs and feeling for matheniatics. 

and they should behave and act positively when learning and doing mathematics. 

These were the qualities which were lacking in weak students. They believed that 

mathematics was not important, was not useful in their lives, and mathematics 

was a dull and boring subject. They believed that mathematics was a difficult 
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sub-ject to learn. They were not able to understand mathematics lessons. They saw 

liiathematics as a meaningless subject which was detached from reality. Their 

feeling towards mathematics was that of dislike and hatred. With these negative 

beliefs and feelings, these students would behave negatively when it came to 

learning mathematics. They did not pay attention in class, did not do mathematics 

exercises, and they might even absent themselves from mathematics classes. 

These were the conditions in the weak students which needed to be cl~anged in 

order for them to do well in mathematics. Teachers have to think of activities and 

programs that will help students develop positive beliefs and feelings towards 

mathematics. With the proper teaching approaches and interesting learning 

activities, teachers can help students in developing positive attitudes towards the 

subject. Improvement in mathematics achievement will occur when positive 

attitudes are fostered in the students. 

Mathematics anxiety had a negative influence on mathematics achievements. 

Weak students had a high level of mathematics anxiety. They were afraid of 

mathematics. These students usually experienced the feelings of uneasii~ess. 

tension. worry and even fear while in mathematics class. These conditions were 

not conducive for learning. Efforts must be made to reduce anxiety to a level 

which facilitates and not inhibits learning. When designing lessons, teachers 

ought to consider learning activities that will reduce tension and anxiety in the 

class. Teachers also should assist weak students in getting satisfactory scores in 
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tests. Repeated failures can lead to loss of confidence, and this will raise 

mathematics anxiety. 

Motivation was an important factor which influenced achievements. High 

achievers were highly motivated students. They had strong commitment, and they 

persisted in difficult and challenging learning situations. Thus, students must be 

regularly motivated, either intrinsically or extrinsically, to study mathematics so 

that they will improve their mathematics achievements. 

Positive personality and behavioural characteristics also contributed to high 

achievements in mathematics. The hierarchical nature of matl~enlatical 

knowledge required students to be always at pace with their teacher. They must 

finish homework on time. Procrastination had a great negative influence 011 

mathematics achievements. Personal qualities such as diligence, carefulness. and 

patience are important when engaging in challenging learning activities such as 

lllathematical problem solving. 

Cognitive readiness is crucial in learning mathematics. Upper secondaiy school 

lllathematics involves a lot abstract ideas and concepts. Topics sucll as 

probability, vector, trigonometry, differentiation and integration require a highel- 

level of thinking. Students must have skill in performing complex numerical 

computations, and have mental capabilities such as abstract I-easo~~ing. logical 

thinking. hypothetical-deductive thinking, and inductive thinking. Students who 
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have not yet fully matured into the formal operational stage of cognitive 

development will have difficulties in learning these complex and abstract topics. 

The research finding has confirmed that cognitive readiness is positively and 

significantly related with mathehatics achievements. 

Mathematics achievements were in favour of students who were oriented towards 

meaningful learning strategies as opposed to rote-memorising. Mathematics is 

obviously not a "remember-and-recall" subject. Students have to understand the 

ideas and concepts behind the procedures and formulas that they learn in 

mathematics. Solving mathematical problems requires more than just the 

application of procedures and formulas that they can get from the text book. 

Mathematical problem solving involves high order thinking abilities. Thus. 

mathematics requires meaningful learning strategies. Meaningful learlling 

stresses understanding. In meaningful learning, students construct ineaning of 

what they are learning, and this process involves high order thinking abilities. 

As for the learning styles, the research finding had shown that ~llatl~eillatics was 

in favour of convergent learning style. Convergers are learners who prefer 

abstract conceptualisation and active experimentation modes of learning. The two 

modes of learning are consistent with the nature of mathematical knowledge. 

Mathematics involves a lot of abstract concepts and ideas. Thus. abstract 

coi~ceptualisation is the right mode of learning for mathematics. To achieve high 

grades in nlathematics, students have to be active by asking questions. taking 1x11-1 

in discussions, and doing a lot of exercises. 
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6.2 Significance of Research for Mathematics Education 

Mathematics is an important subject for further studies after the SPM level. Many 

people relate mathematics achievements with cognitive ability. Thus, high 

achievers in mathematics were often regarded as intelligent students. Institutiolls 

of higher learning also required students to have good grades in mathematics for 

admission into their various diploma or degree programs. Parents. teachers. and 

students were aware of the fact that students must have high grades in 

mathematics if they want to be selected into colleges or universities. The 

findings of this research had identified factors which influenced mathematics 

achievements. Thus, this research is significant for inathematics education 

because the findings give suggestions of what need to be done in order to raise 

the performance of students in mathematics. 

The findings also provided some of the answers to the questions of why many 

students had difficulties learning mathematics, and failed in mathematics tests. 

Mathematics educators can refer to the findings, and renledial programs can be 

taken to overcome these hindering factors so that students will perform better in 

mathematics. Teachers should focus on these factors, and help their students 

improve their internal characteristics so that they are more psychologically and 

cognitively ready for mathematics. 
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The instruments can be used to identify the factors that hinder students fro111 

performing well in mathematics. From students' responses to the questionnaires. 

teachers can identify the factors that need to be attended to. Scores obtained from 

these instruments can be put into the multiple regression equation, and the 

students' mathematics scores can be predicted. The multiple regression equation 

can be used to select students who have aptitude for mathematics. 

6.3 Suggestions for Further Research 

The research dealt with only some of the factors that influence mathematics 

achievements. These factors were the internal conditions or charact&-istics of the 

students. They are many other factors that influence mathematics achievements. 

For example, some people blame the teachers for the poor performance of 

students in mathematics. The teacher aspect was not considered in this research. 

Thus, it can be suggested here that a study can be undertaken to investigate ho\v 

different teaching approaches affect students' performance in mathematics. 

The effect of different teaching approaches on attitudes towards inathematics. 01- 

illathematics anxiety can be the focus of research. The development of positive or 

negative attitudes towards the subject can be studied. and this can provide 

suggestions as to how to promote positive attitudes towards mathematics among 

students. The school environment and the facilities available in the school can 

also affect mathematics achievements. This also can be the subject of research. 
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The personality and behavioural aspects of mathematics teachers, and the 

teaching methods that they use in classroom are perhaps one of the crucial factors 

that influence mathemlatics achievements. Attitudes, mathematics anxiety, 

motivation and students' learning strategies are very much dependent on 

teachers' personality and their methods of teaching. A research can be undertaltsil 

to find effective teaching methods for mathematics. 

Gender differences in mathematics achievements can be another focus of 

research. The present phenomenon of female students out-performing male 

students ifi academic achievements has not yet been fully understood. Various 

factors that contribute to this phenomenon can be studied. Perhaps, this can be 

due to t k  present teaching and learning practices in classroom. The learning 

situation -in classroom that requires students to sit quietly and learn through 

memorising and doing lots of routine exercises usually suits the personality and 

behavioural characteristics of female students. 
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APPENDIX A 

ATTITUDES TOWARDS MATHEMATICS TEST 

MATHEMATICS ANXIETY TEST 

MOTIVATION TO STUDY MATHEMATICS TEST 

PERSONALITY AND BEHAMOURAL CHARACTERISTICS TEST 

(BAHASA MELAYU VERSION) 

ARAHAN 

Soal selidik ini bertujuan mengkaji beberapa perkara yang berkait dengan 

pembelajaran matematik KBSM dan matematik tambahan di kalangan pelajar- 

pelajar sekolah menengah. Jawapan yang anda berikan akan menjadi maklumat 

penting bagi kajian ini. 

Sila berikan jawapan secara ju ju  dan ikhlas. Semua jawapan anda adalah sulit. 

Soalselidik ini akan dianalisa secara keseluruhan tanpa dikaitkan dengan mana- 

mana individu tertentu. 

Terima kasih diatas kerjasama yang akan anda berikan. 

Nama: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Kelas. . . . . . . . . . . . . . . . 

ARAHAN: BAG1 SOALAN-SOALAN BERIKUT, PADA GARIS JAWAPAN 

YANG DISEDIAKAN, TULISKAN PILIHAN JAWAPAN ANDA DARI 

ANGKA 1 HINGGA 5 SEPERTI YANG DITETAPKAN DIBA WAN: 
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1.  Sangat tidak setuju 2. Tidak setuju 

4. Setuju 5. Sangat setuju 

3. Tidak pasti 

Soalan-soalan yang ditanya semuaya merujuk kepada matematik. Matematik 

yang dimaksudkan disini merangkumi kedua-dua matematik KBSM dan 

matematik tambahan. 

Jacvab semua soalan. 

SOALAN 

JAWAPAN 

1 . Matematik ialah subjek yang sukar dipelajari. ...... 

2. Matematik adakah satu subjek yang menarik dan merangsang minda saya.. . . . . . 

3. Matematik ialah subjek kesukaan saya. ...... 

4. Saya rasa seronok dan gembira belajar matematik ...... 

5. Saya selalu rasa mengantuk dan hilang turnpuan dalarn kelas matematik. . . . . . . 

6. Saya suka menyelesaikan soalan dan masalah matematik yang sukar dan 

mencabar daya pemikiran saya. 

7. Saya sentiasa membuat latihan matematik dan menyiapkail kexja rulllah 

matematik yang diberikan oleh guru. . . . . . . . 

8. Jika diberi pilihan, saya tidak mahu belajar matematik. . . . . . . . 

9. Saya rasa gembira dan seronok bila sampai masa untuk kelas matematik. . . . .. 
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10. Semasa dalarn kelas matematik,fikiran dan perasaan saya sentiasa tenang dan 

tenteram. ..-.. 

1 1. Saya tidak rasa gementar atau takut jika diminta menjawab soalan dalam 

kelas oleh guru matematik. . . . . . .  

12. Walaupun kadang-kala sukar difahami, saya tidak takut dengan matematik.. .. 

I 3. Matematik bukanlah antara subjek yang sentiasa menimbulkan perasaan 

..... takut, rungsing dan gelisah bagi saya. 

14. Di antara guru-guru yang mengajar saya, guru matematik adalah antara yang 

..... paling saya takuti atau geruni. 

..... 15. Saya selalu rasa rungsing dan takut dengan ujian matematik. 

16. Saya rasa sangat tertekan dengan banyaknya latihan dan kerjarumah yang 

..... sentiasa diberi oleh guru matematik. 

17. Saya kerap mengalami ketegangan perasaan, seperti dada berdebar-debar 

...... lebih dari biasa, semasa kelas matematik. 

18. Saya rasa sangat rungsing dan takut dengan matematik, dan ini menyebabkan 

..... saya mengenepikan terus subjek ini. 

..... 19. Saya tidak suka menangguhkan kerja yang diberikan oleh guru. 

20. Saya sentiasa menyiapkan latihan kerja nunah matematik mengikut masa 

..... yang ditetapkan oleh guru. 

21. Saya sentiasa mengikuti pelajaran matematik yang disampaikan ole11 guru 

..... dengan teratur supaya tidak ketinggalan dibelakang. 

..... 22. Saya mempunyai jadual belajar saya sendiri yang teratur. 

23. Saya tidak segan bertanya guru matematik bila ada sesuatu perkara yang saya 

..... tidak faham atau sesuatu soalan yang saya tidak dapat jawab. 
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24. Saya suka bertanya dan berbincang dengan rakan-rakan apabila saya belajar 

..... atau membuat latihan matematik. 

25. Apabila melakukan sesuatu tindakan atau kerja, saya melakukannya secara 

..... berhati-hati dan bukan secara gopoh-gapah. 

26. Sebelum membuat sesuatu, saya suka berfikir secara logikal, rasional. teliti 

..... dan mendalam, dan tidak mengikut perasaaan. 

27. Dari segi perwatakan, saya adalah seorang yang tenang, arnan dan boleh 

..... dipercayai. 

28. Saya suka bertindak mengukut perasaan dan banyak melakukan kesalahan- 

..... kesalahan yang melanggar peraturan disiplin sekolah. 

29. Saya mempunyai keazaman yang tinggi untuk mencapai gred yang baik bagi 

..... matematik dalarn peperiksaan SPM nanti. 

30. Saya seronok dengan cabaran untuk mendapatkan markah yang tinggi dalsun 

..... uj ian-uj ian matematik yang diberikan oleh guru. 

3 1. Saya suka membuat kerja yang melibatkan pengiraan, angka dan rajah. ..... 

32. Kejayaan menyelesaikan sesuatu soalan atau masalah mateinatik inemberi 

..... kepuasan kepada saya. 

33. Saya suka dengan aktiviti pembelajaran yang mencabar keupayaan berfikir 

..... d m  menyelesaikan masalah seperti yang terdapat dalarn matematik. 

34. Saya tidak takut menghadapi cabaran dan bersaing dengan pelaj ar-pelaj ar 1 ain 

untuk lneilcapai kecemerlangan. . . 

35. Melalui usaha yang gigih, saya boleh mencapai gred yang baik dalam 

matematik. 
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36. Hanya sebilangan pelajar yang bijak dan pintar sahaja yang bole11 mencapai 

gred yang baik dalarn matematik. ..... 

3 7. Saya belajar matematik degan cara menghafal fakta-fakta penting. hukum- 

hukum, rurnus-nunus dan peraturan-peraturan yang terdapat dalarn I 

matematik. ..... 

3 8. Saya banyak membuat latihan dan latihtubi untuk meningkatkan kebolel~a~~ 

matematik. ..... 

39. Saya ti& pentingkan kefaharnan. Yang penting ialah saya ingat dan dapat 

menjalankan langkah-langkah penyelesaian, seperti yang diaj ar oleh guru. 

agar mendapat jawapan yang betul ...... 

40. Saya hanya belajar bersungguh-sungguh bila menjelang ujian matarnatik. ..... 

.. 4 1. Saya berusaha memahami dengan mendalam setiap isi pelajaranrnatematik.. 

42. Saya bertanya guru dan berbincang dengan rakan-rakan untuk mendapatkan 

..... pengertian yang mendalam mengenai setiap isi pelalaj aran matematik. 

43. Saya belajar setiap pelajaran matematik dengan teliti dan mendalam sehingga 

...... ia menjadi bermakna bagi saya. 

44. Matematik ialah suatu pelajaran mengenai angka, simbol-simbol, hukum- 

hukum, nunus-rurnus clan pelbagai peraturan yang perlu dihafal dan diingat 

...... oleh setiap pelajar. 

Note: The English language version of these questionnaires can be found in 

chapter three. 
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APPENDIX 33 

COGNITIVE READINESS TEST 

(Bahasa Melayu Version) 

Nama: ......................................... Sekolah: 

Arahan: Bagi soalan 1 dan 2, tentukan sama ada kenyataan akhir adalah benar 

atau palsu. 

1. Nordin lebih kecil daripada Hasan. Rarnli lebih tinggi daripada Yusuf. Nordill 

lebih tinggi daripada Rarnli. Maka Yusuf lebih tinggi daripada Nordin. 

Jawapan: ......... 

2. Ramlah dan Burhan lebih tua daripada Harm. Harun lebil~ muda daripada 

Lokman. Faridah lebih tua daripada Burhan. Harm lebih tua daripada Latifall. 

Faridah lebih muda daripada Ramlah. Maka Ramlah lebih tua daripada 

Burhan dan Lokman lebih tua daripada Latifah. 

Jawapan: .......... 

Arahan: Bagi soalan 3 dan 4, tuliskan nombor seterusnya pada tempat yang 

disediakan. 

7 
2 .  85 91 76 82 (.......) 
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Arahan: Bagi soalan 5, rujuk kepada jadual dibawah, dan tuliskan huruf pada 

te~npat yang disediakan bagi mewakili item seterusnya dalanl turutan tersebut. 

r 
A B C D E F G H I  J K L M N O  P Q R S T U  V W X Y Z 

1 2 3 4  5  6  7 8 9 1 0 1 1  1 2 1 3  14 15 16 17 1 8 1 9  2 0 2 1  22 23 2 4 2 5  26 

........ 5. X L P H L F ( 1 

Arsthan: Bagi soalan 6 ,  7 dan lapan, lihat turutan simbol-simbol yang diberj 

dalarn kotak, dan tentukan simbol yang tertinggal. Pilih jawapan dari pilihan 

yang diberi. 

6. - - -- - - 
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9. Dalam satu pertandingan kalah mati, terdapat 32 peserta yang mengambil 

bahagian. Jika setiap peserta berrnain sekali setiap pusingan dan yang kalah 

dikeluarkan daripada pertandingan, berapakah bilangan perlawanan yang 

perlu dilalui oleh peserta yang akan menjadi juara ? 

Arahan: Bagi soalan 10 hingga 13, tuliskan nombor yang tertinggal dalam 

kurungan yang disediakan. 

10. 5 14 16 

19 4 12 

9 15 ( ..... ) 
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Arahan: Bagi soalan nombor 14 dan 15, tuliskan nombor dalam kotak yang 

disediakan. 
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COGNITIVE READINESS TEST 

(English Version) 

LOGICAL THINKING (2 QUESTIONS) 

Instruction: For question 1 and 2, determine whether the final statement is true or 

false. 

1.  Nordin is smaller than Hasan. Rarnli is taller than Yusof. Nordin is taller than 

Ramli. Therefore, Yusof is taller than Nordin. 

Answer: True / False 

2. Ramlah and Burhan are older than Harun. Harun is younger than Lokrnan. 

Faridah is older than Burhan. Harun is older than Latifah. Faridah is younger 

t h  Ramlah. Therefore, Ramlah is older than Burhan, and Lokrnan is older 

than Latifah. 

Answer: True / False 

ABSTRACT REASONING 

(i) Recognise and interpret patterns of number sequences (4 questions) 

(ii) Recognise and interpret abstract symbols and patterns (4 questions). 

Instruction: For questions 3 and 4, write the next number in the place provided. 

3. 85 91 76 82 ( ... . . .. 1 

4. 10 32 16 38 19 ( . . . . . . . ) 
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Instruction: For questions number 5 and 6,  refer to the table below, and write the 

letter in the place provided to represent the next item in the sequence. 

I 

A B C D E F G H I  J K L M N O P Q  R S T U V W X Y Z 
1 2 3 4  5 6  7 8  9 1011 12 131415161718 1920 21 22 23 24 25 26 

.- 

Instruction: For questions 7 to 10, look at the sequences of symbols given in the 

box, and determine the missing symbol. Choose your answer from the give11 

choices. 

7. 
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NUMERICAL AND COMPUTATIONAL ABILITIES (8 QUESTIONS) 

1 1 .  Jarnal walks from the 1 3 ' ~  floor to the 42nd floor of an office building. If he 

can climb one floor every 58 seconds, how long will it take him to reach the 

42nd floor? 

12. In a knockout competition, there are 32  players taking part. If each player 

plays one match per round and the loser is eliminated from the competition. 

how many matches will the winning player have to play? 

Instruction: For number 13 to 18, write the missing number in the space provided. 
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Note: After carrying out reliability analysis, questions number 5, 9 and 1 I were 

found unreliable, and they were eliminated from this instrument. 
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APPENDIX C 

KOLB'S LEARNING STYLE INVENTORY (1985) 

(Bahasa Melayu Version) 

Nama: ............................................... Sekolah: ........................... 

Arahan: Inventory gaya pembelajaran ini menghuraikan cara anda belajar dan 

bagaimana anda bertindak ke atas pendapat dan keadaan harian dalam hidup. 

Pada tempat yang disediakan ( . . . .. ), tuliskan angka 1 hingga 4 sebagai jawapan 

anda. Pilih 1 jika penghujung ayat itu sangat tidak benar mengenai diri anda, dan 

4 jika ia sangat benar mengenai diri anda. 

1. Apabila saya saya suka aya suka saya suka saya suka 
belaj ar rnenggunaka elihat dan memikir idea- nlelakukan 

n endengar(. . . .) idea(. . . . . ) sesuatu 
perasam(. . .) kerja(. . ...) 

2. Saya belajar saya saya menderigar saya saya beke j a 
sangat baik percaya dan melihat bergantung kuat 
apabila pada dengan kepada menyempur- 

perasaan teliti(. . . ..) pemikiran nakall 
dan gerak logik(. . . . .) sesuatu 
hati kei-ja(. . . ..) 
saya( .....) 
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3. Sewaktu say a saya seorang saya akan 
saya sedang mempunyai pendiarn dan cuba mencari 
belaj ar perasaan sukar berkongsi huj ah atau 

dan reaksi idea(. . . ..) alasan( . . . . .) 
yang kuat 
merzsa(. . . . .) 

4. Saya belajar ikut rasa memerhati(. . . .) memikir(. . . . .) 
dengan cara hati(. . . . .) 

5. Apabila saya saya sedia saya saya suka 
belaj ar menerima mengambil kira menganalisis 

pengalaman semua dan 
barn(. . . . .) perkara(. . . . .) memecahkan 

kepada 
bahagian- 
bahagian(. . . .) 

6 .  Sewaktu saya saya seorang saya seorang 
saya sedang seorang Yang Yang 
belajar yang intuitif memerhati(. . . ..) berpemikiran 

(mengikut logik(. . . . .) 
gerak 
hati)(. . . . .) 

7. Saya belaj ar perhubunga pemerhatian teori yang 
sangat baik n dengan sendiri(. . . . .) rasional(. . . . .) 
dari orang 

lain(. . . ..) 

8. Apabila saya saya merasa saya menunggu saya suka 
belaj ar saya terlibat seketika idea dan 

di dalarnnya sebelum teori(. . . . .) 
(.....I bertindak(. . . . .) 

9. Saya belajar saya saya saya 
dengan baik bergantung bergantung bergantung 
apabila kepada kepada kepada 

perasaan pemerhatian idea(. . . ..) 
(.....) (.....) 

say a 
bertanggung- 
j awab 
terhadap 
kerj a 
saya( . . . . .) 

saya suka 
mencuba 
menyelesai- 
kan 
(.....) 

saya seorang 
yang 
aktif(. . . . .) 

peluane 
mencuba dasl 
berlatih(. . . . .) 

saya suka 
melihat hasil 
kerj a 
saya(. . . . .) 

saya boleh 
mencuba 
sesuatu 
dengan 
sendiri(. . . . .) 
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1 0. Sewaktu saya boleh saya tidak suka saya seorang saya seorang 
saya menerima memberi Yang Y ang 
sedang pandangan pandangan/ rasional(. . . . .) bertanggung- 
belajar orang pendapat(. . . . .) jawab(. . . ..) 

lain(. . . ..) 

1 1. Apabila say a saya suka saya suka saya suka 
saya belajar melibatkan memerhati(. . . ..) menilai bertindak 

diri(. . . ..) sesuatu( . . . . .) secara 
aktif(. . . . .) 

12. Saya saya saya seorang saya saya seorang 
belajar rnehpunyai yang teliti(. . . ..) menganalisis yang 
dengan fikiran yang idea(. . . . .) praktikal(. . . .) 
baik terbuka(. . . .) 
apabila 

Kolb's Learning Style Inventory (1985) 

(English Version) 

Instruction: This Learning Style Inventory describes the way you learn and how 

you deal with ideas and day-to-day situations in your life. In the spaces provided 

( . . . .), rank the sentence ending with a number from 1 to 4. Rank 1 if the sentence 

ending seems least like the way you learn, and rank 4 if the sentence describes 

how you learn best. 

When I learn I like to deal I like to watch I like to think 1 like to be 
with my and listen (. . . .) about doing 
feelings(. . . .) ideas(. . . .) things(. . . .) 
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I learn best I trust my I listen and I rely on I work hard 
when hunches and watch I ogical to get 

feelings( ....) carefully( ....) thinking( ....) things 
done(. . . .) 

When I am I have strong I dm quiet and I tend to I am 
1 earning feelings and reserved (. . . .) reason things responsible 

reactions (. . . .) out (. . . .) about 
things(. . . ) 

I learn by feeling (. . . .) Watching (. . . .) thinking (. . . .) doing ( . . . .) 

When I learn I am open to I look at all I like to I like to try 
new sides of issues analyse things, things o ~ t  
experiences (. . . .) break them (. . . .) 
(. . ..) into their 

parts(. . . .) 

When I am Iarnan I a m a n  I am a logical I am an 
learning intuitive observing person (. . . .) active 

person (. . . .) person (. . . .) person 
(....) 

I learn 
from 

best personal 
relationships 
(.,- . .) 

When I learn I feel 
personally 
involved in 
things (. . . .) 

I learn best I rely on my 
when feelings (. . . .) 

When I am I a m a n  
learning accepting 

person (. . . .) 

observation rational a chance to 
(....) theories try out and 

(....) practice(. .) 

I take my time I like ideas and I like to see 
before acting theories (. . . .) results 
(....) from my 

work (. . . . ) 

I rely on my I rely on my I can t ~ y  
observations ideas (. . . .) things put 
(....) for inyself 

(....)' 

I am a reserved 1 am a rational I am a 
person ( . . . .) per so^ t . . . .) respensi ble 

person(. . . . ) 
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When I learn I get involved I like to I evaluate I like to be 
(. . .-) observe (. . ..) things (. . . .) active ( . . . . ) 

I learn best I am receptive I am careful 1 analyse ideas I am 
when arid open- (....) (....) practical 

minded (. . . .) (....) 
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RELIABILITY ANALYSIS: ATTITUDES TOWARDS MATHEMATICS 

R E L I A B I L I T Y  A N A L Y S I S  - S C A L E  ( A L P H A )  

Mean Std Dev cases 

1. ATT2 
2. ATT3 
3. ATT4 
4. ATT5 
5. ATT 6 
6. ATT7 
7. ATT8 
8. ATTlO 

N of 
Statistics for Mean Variance Std Dev Variables 

SCALE 32.0833 21.6031 4.6479 8 

Item-total Statistics 

Scale Scale Corrected 
Mean Variance Item- Alpha 
if Item if Item Total if Item 
Deleted Deleted Correlation Deleted 

ATT2 28 -2000 
ATT3 27.7167 
ATT 4 28 -0667 
ATTS 28.0000 
ATT 6 28.0833 
ATT7 28.4500 
ATT8 28.4500 
ATTlO 27.6167 

Reliability Coefficients 

N of Cases = 60.0 N of Items = 8 

Alpha = -7856 
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R E L I A B I L I T Y  A N A L Y S I S  - S C A L E  ( A L P H A )  

Mean Std Dev Cases 

ATTl 
ATT2 
ATT3 
ATT4 
ATT5 
ATT 6 
ATT7 
ATT8 
ATT9 
ATTlO 

Statistics for 
SCALE 

Mean Variance 
41.4000 26.4136 

Item-total Statistics 

ATT 1 
ATT2 
ATT3 
ATT4 
ATT5 
ATT6 
ATT7 
ATT8 
ATT 9 
ATTlO 

Scale 
Me an 
if Item 
Deleted 

Reliability Coefficients 

N of Cases = 60.0 

Alpha = -7760 

Scale 
Variance 
if Item 
Deleted 

N of 
Std Dev Variables 
5.1394 10 

Corrected 
Item- 
Total. 

Correlation 

N of Items = 10 

Alpha 
if Item 
Deleted 
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APPENDIX E 

RELIABILITY ANALYSIS: MATHEMATICS ANXIETY 

R E L I A B I L I T Y  A N A L Y S I S  - S C A L E  ( A L P H A )  

Mean Std Dev Cases 

N of 
Statistics for Mean Variance Std Dev Variables 

SCALE 39.0167 31.1353 5.5799 10 

Item-total Statistics 

Scale Scale Corrected 
Mean Variance Item- 
if Item if Item Total 
Deleted Deleted Correlation 

Reliability Coefficients 

N of Cases = 60.0 N of Items = 10 

Alpha 
if Item 
Deleted 

Alpha = -7706 
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APPENDIX F 

RELIABILITY ANALYSIS: PERSONALITY AND BE~AVIOUR 

R E L I A B I L I T Y  A N A L Y S I S  - S C A L E  ( A L P H A )  
I 

Me an Std Dev cases 

N of 
Statistics for Mean Variance Std Dev Variables 

SCALE 39- 0833 27.7387 5,2668 10 

Item-total Statistics 

Scale 
Mean 
if Item 
Deleted 

Reliability Coefficients 

N of Cases = 60.0 

Alpha = -8114 

Scale 
Variance 
if Item 
Deleted 

Corrected 
Item- 
Total 

Correlation 

N of Items = 10 

Alpha 
if Item 
Deleted 
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APPENDIX G 

RELIABILI?'Y ANALYSIS: MOTNATION TO STUDY MATHEMATICS 

R E L I A B I L I T Y  A N A L Y S I S  - S C A L E  ( A L P H A )  

Me an Std Dev Cases 

N of 
Statistics for Mean Variance Std Dev Variables 

SCALE 42 -8667 12.6938 3.5628 10 

Item-total Statistics 

Scale 
Mean 
if Item 
Deleted 

Reliability Coefficients 

N of Cases = 60.0 

Alpha = -5283 

Scale 
Variance 
if Item 
Deleted 

Corrected 
Item- 
Total 

Correlation 

N of Items = 10 

Alpha 
if Item 
Deleted 
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R E L I A B I L I T Y  A N A L Y S I S  - S C A L E  ( A L P H A )  

Mean Std Dev Cases 

Statistics for 
SCALE 

Mean Variance 
35.1833 11.3726 

Item-total Statistics 

Scale 
Me an 
if Item 
Deleted 

Reliability Coefficients 

N of Cases = 60.0 

Alpha = -7101 

Scale 
Variance 
if Item 
Deleted 

N of 
Std Dev Variables 
3.3723 8 

Corrected 
Item- 
Total 

Correlation 

N of Items = 8 

Alpha 
if Item 
Deleted 
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APPENDIX H 

RELIABILITY ANALYSIS: LEARNING STRATEGIES 
R E L I A B I L I T Y  A N A L Y S I S  - S C A L E  ( A L P H A )  

Mean Std Dev Cases 

N of 
Statistics for Mean Variance Std Dev Variables 

SCALE 36.3333 33.7853 5.8125 10 

Item-total Statistics 

Scale Scale Corrected 
Mean Variance Item- 
if Item if Item Total 
Deleted Deleted Correlation 

Reliability Coefficients 

N of Cases = 60.0 N of Items = 10 

Alpha 
if Item 
Deleted 

Alpha = -6739 
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R E L I A B I L I T Y  A N A L Y S I S  - S C A L E  ( A L ' P H A )  

Me an Std Dev Cases 

Statistics for 
SCALE 

N of 
Mean Variance Std Dev Variables 

29.0300 28.0339 5.2947 8 

Alpha 
if Item 
Deleted 

Item-total Statistics 

Scale 
Me an 
if Item 
Deleted 

Reliability Coefficients 

N of Cases = 60.0 

Alpha = -7212 

Scale 
Variance 
if Item 
Deleted 

Corrected 
Itern- 
Total 

Correlation 
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APPENDIX I 

RELIABILITY ANALYSIS: COGNITIVE READINESS 

R E L I A B I L I T Y  A N A L Y S I S  - S C A L E  ( A L P H A )  

Mean Std Dev Cases 

N of 
Statistics for Mean Variance Std Dev Variables 

SCALE 11.4000 7.0237 2.6502 18 
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R E L I A B I L I T Y  A N A L Y S I S  - S C A L E  ( A L P H A )  

Item-total Statistics 

Scale 
Mean 
if Item 
Deleted 

Reliability Coefficients 

N of Cases = 60.0 

Alpha = -5672 

Scale 
Variance 
if Item 
Deleted 

Corrected 
Item- 
Total 

Correlation 

N of Items = 18 

Alpha 
if Item 
Deleted 
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R E L I A B I L I T Y  A N A L Y S I S  - S C A L E  ( A L P H A )  

Mean Std Dev Cases 

Statistics for Mean Variance 
SCALE 9.4167 6.8573 

Item-total Statistics 

Scale Scale 
Mean Variance 
if Item if Item 
Deleted Deleted 

Reliability Coefficients 

N of Cases = 60.0 

Alpha = .6297 

N of 
Std Dev Variables 
2.6187 15 

Corrected 
Item- 
Total 

Correlation 

Alpha 
if Item 
Deleted 

N of Items = 15 
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APPENDIX J 

RESULTS OF CORRELATION ANALYSIS Correlations 

MATHSCOR Pearson Correlation 
Sig. (2-tailed) 
N 

AlTlTUDE Pearson Correlation 
Sig. (2-tailed) 
N 

ANXIETY Pearson Correlation 
Sig. (2-tailed) 
N 

PERSONAL Pearson Correlation 
Sig. (2-tailed) 
N 

MOTIVATN Pearson Correlation 
Sig. (2-tailed) 
N 

STRATEGY Pearson Correlation 
Sig. (2-tailed) 
N 

ABSNUM Pearson Correlation 
Sig. (2-tailed) 
N 

PK Pearson Correlation 
Sig. (2-tailed) 
N 

PR Pearson Correlation 
Sig. (2-tailed) 
N 

KA Pearson Correlation 
Sig. (2-tailed) 
N 

PA Pearson Correlation 
Sig. (2-tailed) 
N 

PSYRDNES Pearson Correlation 
Sig. (2-tailed) 
N 

PERSON 
AL 

1 37' 
.018 
300 
.486" 
.OOO 
300 
.498" 
.OOO 
300 

1 .OOO 

300 
.43P 
.OOO 
300 
.427" 
.OOO 
300 
.082 
.I59 
300 

-.010 
.866 
300 

-. 154" 
,008 
300 

-. 035 
.551 
,330 
1 82" 
.002 
300 
.760" 
.OOO 
300 

MATHSC 
OR 

1 .OOO 

300 
.479'* 
.OOO 
300 
.342" 
.OOO 
300 
137' 
.018 
300 
-381" 
.OOO 
300 
,421" 
.000 
300 
.557" 
.OW 
300 

-.298" 
.OOO 
300 

-. 125' 
.031 
300 
.275" 
.OOO 
300 
115' 
.047 
300 
.404*' 
.Om 
300 

ATTITUDE 
.479*' 
.OOO 
300 

1 .OOO 

300 
.701" 
.OOO 
300 
.486" 
.OOO 
300 
.609" 
.OOO 
300 
. 5 4 7  
.OOO 
300 
.273" 
.OOO 
300 

-.22OW 
.OOO 
300 

-. 147' 
.011 
300 
1 78'' 
.002 
300 
.I 56" 
.007 
300 
. 8 5 F  
.Om 
300 

ANXIETY 
.342'" 
.OOO 
300 
.70$" 
.OOO 
300 

1 .OOO 

. 300 
.498"' 
.OOO 
300 
.511- 
.OOO 
300 
.%I- 
.OOO 
300 
1 74- 
.003 
300 

-. 175" 
.002 
300 

-.091 
. I  14 
300 
,145' 
.012 
300 
115' 
.047 
300 
.857" 
.000 , 

300 
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APPENDIX K 

ER-GROUPS COMPARISONS: ATTITUDES 
neway IF 

ANOVA 

ATTITUDE 

Post Hoc Tests 

Between Groups 
Wrthin Groups 
Total 

Multiple ComparSsons 

Dependent Variable: ATTITUDE 
Tukey HSD 

Sum of 
Squares 
856.820 

4812.500 
5669.320 

Homogeneous Subsets 

df 
2 

297 
299 

(I) GROUP (J) GROUP 
1.00 2.00 

3.00 
2.00 1.00 

3.00 
3.00 1.00 

2.00 

ATTITUDE 

Tukey HSDa 

Mean 
Square 
428.41 0 
16.204 

'. The mean differenke is significant at the .05 level. 

Mean 
Difference 

(I 4) 
-1.0000E-02 

3.5800' 
1.000E-02 

3.5900' 
-3.- 
- 3 . 5 W  

1 I 1 Subset for alpha = -05 1 

Std. Enor 
-5693 
.5693 
3 9 3  
-5693 
3 9 3  
-5693 

+ 

F 
26.439 

GROUP ) N 
3.00 1 100 

a. Uses Harmonic Mean Sample Size = 100.000. 

Sig. 
.OOO 

Sig. 
1 .OOO 
.OOO 

1.000 
.oOO 

- .000 
-000 

1 1 2 
30.2700 1 I 

1.00 
2.00 
Sig. 

Means for groups in homogeneous subsets are displayed. 

100 
100 

. 95% Confidence Interval 
Lower 
Bound 
-1.3442 
2.2458 

-1 -3242 
2.2558 

4.9142 
4.9242 

1 .OOO 

Upper 
Bound 

1.3242 
4.91 42 
1 .3442 
4.9242 
-2.2458 
-2.2558 

33.8500 
33.8600 

1.000 
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APPENDIX L 

TER-GROUPS COMPARISONS: MATHEMATICS ANXDETY 
neway 8 

ANOVA 

ANXIEV 

Post Hoc Tests 

Multiple Comparisons 

Between Groups 
Within Groups 
, Total 

Dependent Variable: ANXIEN 
Tukey HSD 

Sum of 
Squares 
972.487 

7736.300 
8708.787 

df 
2 

297 
299 

*. The mean differenrke is significant at the .05 level. 

Homogeneous Subsets 

Sig. 
.OOO 

Mean 
Square 
486.243 
26.048 

(I) GROUP (J) GROUP 
1 .OO 2.00 

3.00 
2.00 1.00 

3.00 
3.00 1.00 

2.00 
7 

ANXIETY 

Tukey HSDa 

F 
18.667 

Std. Error 
.7218 
-721 8 
.7218 
-721 8 
-721 8 
.7218 

Mean 
Difference 

(I-J) 
-1 -4400 
2.8900' 
1.4400 
4.3300' 
-2.8900' 
-4.33W 

Means for groups in homogeneous subsets are displayed. 
a. Uses Harmonic Mean Sample Size = 100.000. 

Sig. 
-1 13 
.OOO 
.I13 
.OW 
.OW 
.OOO 

I 

GROUP 
3.00 
1 .OO 
2.00 
Sig. 

95% Confidence Interval 

N 
1 00 
100 
100 

Lower 
Bound 
-3.1316 
1 .I984 
-.2516 
2.6384 
4.5816 
-6.0216 

Upper 
Bound 

.2516 
4.5816 
3.1316 
6.0216 
-1.1984 
-2.6384 _ 

Subset for alpha = .05 
1 

37.1200 

1 .OOO 

2 

40.01 00 
41.4500 

.113 
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TER-GROUPS COMPARISONS: PERSONALITY AND BEETAWOURS 
8neway 

ANOVA 

PERSONAL 

Post Hoc Tests 

Multiple Comparisons 

Between Groups 
Within Groups 
Total 

Dependent Variable: PERSONAL 
Tukey HSD 

df 
2 

297 
299 

Sum of 
Squares 
463.460 

6923.260 
7386.720 

Homogeneous Subsets 

Mean 
Square 
231.730 
23.31 1 

(I)  GROUP (J) GROUP 
1.00 2.00 

3.00 
2.00 1.00 

3.00 
3.00 1.00 

2.00 
i 

PERSONAL 

Tukey HSDa 

F 
9.941 

'. The mean differenke is significant at the .05 level. 

Mean 
Di reoce  

(1 4) 
-2.0- 

-9500 
2.0300' 
2.9800' 
-.9500 

-2.9800' 

Si. 
-000 

Means for groups in homogeneous subsets are dispiayed. 
a. Uses Hatmonic Mean Sample Size = 100.000. 

Std. Error 
6828 
-6828 
6628 
6828 
.6828 
.6828 

. 
GROUP 
3.00 
1.00 
2.00 
Sig. 

Sig. 
.008 
.345 
.008 
-000 
-345 
.OW 

N 
100 
100 
100 

Subset for alpha = .05 7 
1 

37.4500 
38.4000 

.345 

95% Confidence Interval 

2 

40.4300 
1 .OW 

Lower 
Bound 
-3.6303 
-.6503 
-4297 

1.3797 
-2.5503 
-4.5803 

upper 
Bound 

-.4297 
2.5503 
3.6303 
4.5803 

.6503 
-1.3797 
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APPENDIX N 

F ER-GROUPS COMPARISONS: MOTIVATION 
neway 

ANOVA 

MOTlVATN 

Post Hoc Tests 

Between Groups 
W~thin Groups 
Total 

Multiple Comparisons 

Dependent Variable: MOTIVATN 
Tukey WSD 

- 

Sum of 
Squares 
634.047 

3692.500 
- 4326.547 

*. The mean differenke is significant at the .05 level. 

df 
2 

297 
299 

(I) GROUP (J) GROUP 
1.00 2.00 

3.00 
2.00 1.00 

3.00 
3.00 1.00 

2.00 

Homogeneous Subsets 

MOTIVATN 

Tukey HSDa 

Mean 
Square 
31 7.023 
12.433 

Mean 
Difference 

(I-J) 
.I800 

3.1 700' 
-. 1800 
2.9900' 

-3.1 7 W  
-2.99OW 

Means for groups in homogeneous subsets are displayed. 
a. Uses Harmonic Mean Sample Size = 100.000. 

F 
25.499 

Std. Error 
.4987 
.4987 
.4987 
.4987 
-4987 
-4987 

Sig. 
.OOO 

t 

GROUP 
3.00 
2.00 
1.00 
Sig. 

Sig. 
.931 
.OOO 
.931 
.oOO 
.oOO 
.OOO 

N 
1 00 
100 
100 

Subset for alpha = .05 
1 

33.2600 

1 .OW 

95% Confidence Interval 

2 

36.2500 
36.4300 

.931 

Lower 
Bound 

-.9887 
2.001 3 

-1.3487 
1.821 3 

4.3387 
-4.1 587 

Upper 
Bound 

1 3487 
4.3387 

.9887 
4.1587 
-2.001 3 
-1.8213 
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APPENDIX 0 

8 TIER-GROUPS COMPARISONS: COGNITWE REIADINESS 
neway 

ANOVA 

ABSNUM 

Post Hoc Tests 

Between Groups 
Wrthin Groups 
Total 

Multiple Comparisons 

Sum of 
Squares 
935.087 
1548.300 
2483.387 

Homogeneous Subsets 

Dependent Variable: ABSNUM 
Tukey HSD 

ABSNUM 

df 
2 

297 
299 

Tukey HSDa 

. 

(I) GROUP (J) GROUP 
1.00 2.00 

3.00 
2.00 1.00 

3.00 
3.00 1.00 

2.00 

Mean 
Square 
467.543 
5.213 

'. The mean differende is significant at the .05 level. 

a. Uses Harmonic Mean Sample Size = 100.000. 

Mean 
Difference 

(I 4) 
-8- 

4.1 1W 
-.890Oa 
3.2200' 
4.1 100* 
-3.2200- 

GROUP 
3.00 
2.00 
1.00 
Sig. 

F 
89.686 

Std. Error 
-3229 
.3229 
-3229 
-3229 
.3229 
.3229 

Means for groups in homogeneous subsets are displayed. 

N 
1 00 
100 
100 

Sig. 
.000 

i 

Sig. 
-016 
.OW 
-016 
.OOO 
-000 
.OW 

Subset for alpha = .05 
1 
7.1300 

1 .OW 

95Yo CoConfnce Interval 
Lower 
Bound 
.I332 
3.3532 
-1.6468 
2.4632 
4.8668 
-3.9768 

2 

1 0.3500 

1 .OOO 

Upper 
Bound 
1 -6468 
4.0668 
-. 1332 
3.9768 
-3.3532 
-2.4632 

3 

1 1.2400 
1.000 
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APPENDIX P 

TER-GROUPS COMPARISONS: LEARNING STRATEGIES 
neway 8 

ANOVA 

STRATEGY 

Post Hoc Tests 

r 

Between Groups 
Within Groups 
Total 

Muttiple Comparisons 

Dependent Variable: STRATEGY 
Tukey HSD 

Sum of 
Squares 
1 224.1 40 
4929.380 
61 53.520 

'. The mean difference is significant at the .05 level. 

df 
2 

297 
299 

Homogeneous Subsets 

(I) GROUP (J) GROUP 
1 .OO 2.00 

3.00 
2.00 1.00 

3.00 
3.00 1.00 

2.00 

STRATEGY 

Tukey HSDa 

Mean 
Dierence 

(I-J) 
-1.4000' 
3.41 00' 
1.4000' 
4.81 00' 
-3.41 W 
4 .81W 

Sig. 
.OOO 

Mean 
Square 
612.070 

16.597 

Std. Error 
-5761 
-5761 
.576 1 
.5761 
.5761 
.5761 

Means for groups in homogeneous subsets are displayed. 
a. Uses Harmonic Mean Sample Size = 100.000. 

F 
36.878 

Sig. 
.040 
.OOO 
.040 
.OW 
-000 
.OOO 

95% Confidence Interval 
Lower 
Bound 
-2.7503 
2.0597 

4.968E-02 
3.4597 

-4.7603 
-6.1603 

GROUP 
3.06 
1.00 
2.00 
Sig. 

Upper 
Bound 

4.97E-02 
4.7603 
2.7503 
6.1 603 
-2.0597 
-3.4597 

N 
1 00 
1 00 
1 00 

Subset for alpha = -05 
3 

31.1 100 
1 .OOO A 

1 
26.3000 

1.000 

2 

29.71 00 

1 .OW 
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APPENDIX Q 

INTER-GROUPS COMPARISONS: PSYCHOLOGICAL READINESS 
Oneway 

ANOVA 

PSYRDNES 
I 

Post Hoc Tests 

Between Groups 
Within Groups 
Total 

Multiple Comparisons 

Dependent Variable: PSYRDNES 
Tukey HSD 

Sum of 
Squares 

1 0532.340 
5688 1.380 
6741 3.720 

'. The mean differenke is significant at the .05 level. 

(I) GROUP (J) GROUP 
1.00 2.00 

3.00 
2.00 1.00 

3.00 
3.00 1.00 

2.00 

Homogeneous Subsets 

df 
2 

297 
299 

PSYRDNES 

Tukey HSDa 

F 
27.497 

Mean 
Square 
5266.170 
191.520 

Mean 
Difference 

(1 4) 
-3.3000 
10.5900' 
3.3000 
13.8900* 

-1 0.5- 
-1 3.8900- 

- 
Sig. 

.000 

Means for groups in homogeneous subsets are displayed. 
a. Uses Harmonic Mean Sample Size = 100.000. 

Std. Error 
1.9571 
1.9571 
1.9571 
1.9571 
1.9571 
1.9571 

GROUP 
3.00 
1.00 
2.00 
Si g . 

Sig. 
-21 0 
.OOO 
.210 
.OOO 
.000 
.000 

N 
100 
100 
100 

, 

- 
, Subset for alpha = .05 

1 
138.1000 

l.ooO> 

95% Confidence Interval 

2 

148.6900 
151.9900 

.210 

Lower 
Bound 
-7.8870 
6.0030 
-1.2870 
9.3030 

-15.1770 
-18.4770 

Upper 
Bound 
1.2870 
15.1770 
7.8870 

1 8.4770 
-6.0030 
-9.3030 _ 
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APPENDIX R 

B TER-GROUPS COMPARISONS: CE LEARNING STYLE 
neway 

ANOVA 

PK 

Post Hoc Tests 

Between Groups 
Within Groups 
Total 

Multiple Comparisons 

Dependent Variable: PK 
Tukey HSD 

Sum of 
Squares 
825.927 

10609.860 
1 1435.787 

The mean differen& is significant at the .05 level. 

df 
2 

297 
299 

P 

(1) GROUP (J) GROUP 
1.00 2.00 

3.00 
2.00 1.00 

3.00 
3.00 1.00 

2.00 

Homogeneous Subsets 

PK 

Tukey HSDa 

Mean 
Difference 

(14) 
-.5700 
-3.7'700- 
-5700 

-3.2000- 
3.7700' 
3.2000' 

Sig. 
. O W  

Mean 
Square 
41 2.963 
35.723 

Means for groups in homogeneous subsets are displayed. 
a. Uses Harmonic Mean Sample Size = 100.000. 

F 
1 1.560 

GROUP 
1 .OO 
2.00 
3.00 
Sig. 

Std. E m  
-8453 
.8453 
-8453 
3453 
.8453 
.a53 

Sg. 
.778 
.oOO 
.778 
.OW 
.OOO 
.OOO 

95% Confidence Interval 

N 
100 
100 
1 00 

Lower 
Bound 
-2.5510 
-5.7510 
-1.4110 
-5.181 0 
1.7890 
1.21 90 

Upper 
Bound 
1.4110 
-1.7890 
2.5510 
-1.21 90 
5.7510 
5.1810 - 

+ 
Subset for alpha = .05 

1 
24.8600 
25.4300 

.778 

2 

28.6300 
1.000 
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TER-GROUPS COMPARISONS: RO LEARNMG STYLE 
neway 8 

ANOVA 

PR 

Post Hoc Tests 

* 

Between Groups 
Wrthin Groups 
Total 

Multiple Comparisons 

Dependent Variable: PR 
Tukey HSD 

Sum of 
Squares 

146.527 
7776.71 0 
7923.237 

Homogeneous Subsets 

df 
2 

297 
299 

(I) GROUP (J) GROUP 
1.00 2.00 

3.00 
2.00 1 .W 

3.00 
3.00 1.00 

2.00 

PR 

Tukey HSD' 

Mean 
Dierence 

(I-J) 
-.lo00 

-1.5300 
.lo00 

-1.4300 
1.5300 
1.4300 

Means for groups in homogeneous subsets are displayed. 
a. Uses Harmonic Mean Sample Size = 100.000. 

Sig. 
.063 

Mean 
Square 

73.263 
26.184 

GROUP 
1.00 
2.00 
3.00 
Sig. 

F 
2.798 

Std. Error 
.7237 
-7237 
-7237 
.7237 
.7237 
-7237 

N 
100 
100 
100 

Sig. 
.990 
.087 
.990 
.I18 
.087 
.I18 

95% Confidence Interval 

Subset for 
alpha = 

.05 
1 

27.8800 
27.9800 
29.41 00 

.087 , 

Lower 
Bound 
-1.7960 
-3.2260 
-1.5960 
-3.1260 
-.I660 
-.2660 

Upper 
Bound 

1.5960 
-1660 

1.7960 
-2660 

3.2260 
3.1260 
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TER-GROUPS COMPARISONS: AC LEARNING STYLE 
&way 

Post Hoc Tests 

Multiple Comparisons 

Dependent Variable: KA 
Tukey HSD 

Between Groups 
Within Groups 
Total 

df 
2 

297 
299 

Sum of 
Squares 
731.847 

1 1 925.390 
12657.237 

'. The mean differend is significant at the .05 level. 

Homogeneous Subsets 

, 

(I) GROUP (J) GROUP 
1.00 2.00 

3.00 
2.00 1.00 

3.00 
3.00 1-00 

2.00 

KA 

Tukey HSDa 

Sig. 
.OOO 

Mean 
Square 
365.923 
40.153 

F 
9.113 

Mean 
Dierence 

(I-J) 
-9700 
3.6900' 
-.9700 
2.7200' 
-3.6900- 
-2.72W 

Means for groups in homogeneous subsets are displayed. 
a. Uses Harmonic Mean Sample Size = 100.000. 

GROUP 
3.00 
2.00 
1.00 
Sig. 

Std. Error 
-8961 
.896 1 
.8961 
.896 1 
.896 1 
.896 1 

N 
100 
1 00 
1 00 

Sig. 
.525 
.OOO 
-525 
.007 
.OOO 
.007 

95% Confidence Interval 
Lower 
Bound 
-1 -1303 
1.5897 
-3.0703 
.6197 

-5.7903 
-4.8203 

Subset for alpha = .05 

Upper 
Bound 
3.0703 
5.7903 - .  
1.1303 
4.8203 
-1.5897 
-.6197 

1 
30.1200 

1.000 

2 

32.8400 
33.81 00 

.525 , 
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APPENDIX U 

TER-GROUPS COMPARISONS: AE LEARNING STYLE 
neway 8 

ANOVA 

PA 

Post HOC Tests 

Between Groups 
Within Groups 
Total 

Muttipie Comparisons 

Dependent Variable: PA 
Tukey HSD 

Sum of 
Squares 
248.127 

12985.060 
13233.187 

Homogeneous Subsets 

(1) GROUP (J) GROUP 
1.00 2.00 

3.00 
2.00 1.00 

3.00 
3.00 1.00 

2.00 

PA 

Tukey HSDa 

- 
Sig. 

.060 
df 

2 
297 
299 

Mean 
D i r e n c e  

(14) 
-.5O00 
1.6300 

.5000 
2.1300 
-1.6300 
-2.1 300 

Means for groups in homogeneous subsets are displayed. 
a. Uses Harmonic Mean Sample Size = 100.000. 

Mean 
Square 
124.063 
43.721 

F 
2.838 

Subset for 
alpha = 

.05 
1 

31.6200 
33.2500 
33.7500 

.059 _ 

GROUP 
3.00 
1.00 
2.00 
Sig. 

Std. Error 
.9351 
.9351 
.9351 
.9351 
.9351 
.935 1 

N 
100 
100 
100 

Sig. 
.854 
.I89 
.854 
.059 
.A89 
.059 

95% Confidence Interval 
Lower 
Bound 
-2.6916 
-.5616 

-1 -691 6 
-6.16E-02 

-3.8216 
-4.3216 

Upper 
Bound 

1.691 6 
3.8216 
2.6916 
4.3216 

5616 
6.160E-02 
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APPENDIX V 

PZ ULTIPLE REGRESSION ANALYSIS 
egression 

Variables Entered/Removedb 

a. All requested variables entered. 

b. Dependent Variable: MATHSCOR 

Model Summary 

Model 
1 

Variables 
Entered 

ABSNUM, 
KA, 
PSYRDNE 
S, 
STRATEGY= 

Variables 
Removed 

a. Predictors: (Constant), ABSNUM, KA. PSYRDNES, STRATEGY 

AN OVA^ 

+ 

Method 

Enter 

r 

Model 
1 

a. Predictors: (Constant), ABSNUM. KA, PSYRDNES, STRATEGY 

b. Dependent Variable: MATHSCOR 

Adjusted R 
Square 

.448 
R 

. 67Sa 

Std. Error 
of the 

Estimate 
1 5.4837 

4 

Sig. 
.OOP 

. 

C 

Model 
1 Regression 

Residual 
b Total 

a. Dependent Variable: MATHSCOR 

R Square 
.456 

Sum of 
Squares 
59203.440 
70724.91 0 
129928.35 

1 

Sig. 
.DO0 , 
.002 
.OOO 
.003 
.OOO 

t 
-5.943 
3.139 
4.393 
3.004 
10.626 

Model 
I (Constant) 

PSYRDNES 
KA 
STRATEGY 
ABSNUM 

F 
61.736 

df 
4 

295 
299 

Mean 
Square 
14800.860 
239.745 

Standardiz 
ed 

Coefficient 
s 

Beta 

.I 72 

.A94 

.A67 

.472 

Unstandardized 
Coefficients 

B 
-56.256 

.238 

.621 

.768 
3.41 1 

Std. Error 
9.466 
.076 
.A41 
.256 
.321 
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ITEMS ANALYSIS FOR PERSONALITY AND BEHAVIOURAL 
CHARACTERISTICS 

Comparing Means 

Report 

. 

GROUP 
1-00 Mean 

N 
Std. Deviation 

2.00 Mean 
N 
Std. Deviation 

3.00 Mean 
N 
Std. Deviation 

Total Mean 
N 
Std. Deviation 

PERS.5 
3.9400 

100 
.9621 

4.3000 
1 00 

.8587 
3.8600 

100 
.9103 

4.0333 
300 

.9283 

PERS.4 
2.8800 

100 
1.0472 
3.4400 

1 00 
1.0761 
3.2700 

100 
.9625 

3.1967 
300 

1.0528 

I 

GROUP 
1.00 Mean 

N 
Std. Deviation 

2.00 Mean 
N 
Std. Deviation 

3.00 Mean 
N 
Std. Deviation 

Total Mean 
N 
Std. Deviation 

i 

PERS.6 
4.3000 

100 
.7177 

4.3900 
100 

.7640 
4.2600 

100 
.8483 

4.3167 
300 

.7779 

PERS. 1 
3.6900 

100 
.SO67 

3.7000 
100 

.9587 
-3.3000 

100 
.8704 

3.5633 
300 

.9285 

PERS.7 
3.9500 

100 
.7017 

4.1300 
100 

.8246 
3.8600 

100 
.8648 

3.9800 
300 

.8053 

PERS.2 
3.4700 

100 
.8582 

3.5400 
100 

9036 
3.1000 

100 
.8348 

3.3700 
300 

.8845 

PERS.9 
3.8900 

100 
.7092 

4.0900 
100 

8773 
3.7700 

1 00 
.9519 

3.9167 
300 

.8596 

PERS.8 
4.0400 

108 
.7095 

4.2000 
100 

.a040 
3.7500 

100 
.8689 

3.9967 
300 

.8158 

PERS.3 
4.1,IOO 

1 0  
.8366 

4.2300 
100 

.7635 
3.9000 

100 
.9374 

4.0800 
300 

.8579 

PERS.10 
1.9900 

100 
.9692 

1 .so00 
100 

.9535 
1.4700 

1 00 
.7844 

1 6867 
300 

, .9299 
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