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ABSTRACT

RECIPROCAL RELATIONSHIP BETWEEN ATTITUDES TOWARD
MATHEMATICS AND ACHIEVEMENT IN MATHEMATICS

Tag, Senay
M.Sc. Department of Secondary Science and Mathematics Education
Supervisor: Dr. Safure Bulut

October 2000, 105 pages

The purposes of the study was to model reciprocal relationship between
attitude toward mathematics (ATM) and achievement in mathematics (AIM)
including teacher, father and mother qualities.

Subject of the study consisted of 9" grade students in Tiirk Egitim Dernegi
Vakfi Ankara College, Gazi Anatolian Lyceé, Mehmet Emin Resulzade Anatolian
Lyceé, Kiligaslan Lyceé, Nigbolu Lyceé.

The following measuring instruments were utilised: 1) Mathematics
Achievement Test (MAT), and 2) Scales: (i) Father Scale, (ii) Mother Scale, (iii)
Teacher Scale I, (iv) Teacher Scale II, (v) Confidence in Learning Mathematics
Scale, (vi) Success Attribution in Mathematics Scale, (vii) Usefulness of
Mathematics Scale, (viii) Mathematics as a Male Domain Scale, (ix) Effectance
Motivation Scale, (x) Mathematics Anxiety Scale, (xi) Importance of Mathematics

Scale.
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The researcher developed MAT. Teacher Scale [I formed by adaptation of the
TIMSS Attitude Scale (1999) and the other scales were formed by adapting
Fennema-Sherman Attitude Scale (1986). The validty and reliability of the

measuring instruments were tested by the researcher.

The data of this study were analysed by using Linear Structural Equation
Modelling (LISREL). The results were as follows: (1) There was reciprocal
relationship between attitudes toward mathematics (ATM) and achievement in
mathematics (AIM); (2) Confidence in learning mathematics, success attribution in
mathematics, mathematics anxiety, importance of mathematics, effectance
motivation, usefulness of mathematics positively and significantly loaded on ATM.:
(3) Mathematics as a male domain negatively and significantly loaded on ATM;
(4) Mathematics as a male domain positively and significantly loaded on AIM;
(5) Teacher quality had a positive statistically significant direct effect on both ATM
and AIM; (6) Father quality had a positive statistically significant direct effect on
both ATM and AIM; (7) Mother quality had a positive statistically significant direct
effect on AIM; (8) Mother quality had a negative statistically significant direct effect

on ATM.

Key Words: Achievement in Mathematics, Attitudes Toward Mathemtaics,

Reciprocal Relationship, Linear Structural Equation Modeling.
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07/

MATEMATIGE YONELIK TUTUM ILE MATEMATIK
BASARISI ARASINDAKI KARSILIKLI ILISKI

Tag, Senay
Yiiksek Lisans, Orta Ogretim Fen ve Matematik Alanlan Egitimi Bélimi
Tez Yoneticisi: Dr. Safure Bulut

Ekim 2000, 105 sayfa

Bu calismanin amaci, matematik bagarisi ve matematige yo6nelik tutum
arasindaki kargilikli iligkinin Ogretmen, baba ve anne niteliklerini igererek
modellenmesidir.

Arastirmaya katilan kisiler, TED Ankara Koleji, Gazi Anadolu Lisesi,
Mehmet Emin Resiilzade Anadolu Lisesi, Kiligaslan Lisesi ve Niébolu Lisesi
dokuzuncu simuf 6grencileridir.

Bu arastirmada Matematik Bagsar1 Testi ile Olgekler: (i ) Baba Olgegi, (ii)
Anne Olgegi, (iii) Ogretmen Olgegi I, (iv) Ogretmen Olgegi 11, (v) Matematik
Ogrenmede Kendine Giiven Olgegi, (vi) Matematik Bagansina Yénelik Tutum
Olgegi, (vii) Matematigin Kullamshhg: Olgegi, (viii) Erkek Alani Olarak Matematik
Olcegi, (ix) Matematikte Bagarma Gidiisii Olgegi, (x) Matematik Kaygis1 Olgegi ve
(xi) Matematigin Onemi Olcegi. Matematik Basar1 Testi aragtirmaci tarafindan

gelistirilmistir. Ogretmen Olgegi 1, Ugtincii Uluslararasi Matematik ve Fen



Calismalari (TIMSS) Tutum Olgeginden uyarlanmistir. Diger 6lgme araglari
Fennema-Sherman Tutum Olgeginden uyarlanmustir. Olgme araglarmnin gegerlilik ve
giivanilirlik ¢aligmalar aragtirmaci tarafindan yapilmistir.

Veriler, Lineer Yapisal Denklem Modeli (Linear Structural Equation
Modelling) ile analiz edilmistir. Bu ¢alismanin sonug¢lan sunlardir: (1) Matematik
basarisi ile matematige ydnelik tutum arasinda karsilikli bir iligki bulunmustur; (2)
Matematik Ogrenmede kendine giliven, matematik basarisina yonelik tutum,
matematigin kullamslilig, matematik kaygisi, matematik basarisi, matematikte
basarma giidiisii, matematige yonelik tutumu pozitif ve istatistiksel olrak anlamli bir
sekilde tamimlanmugtir; (3) Erkek alani olarak matematik, matematige yonelik tutumu
negatif ve istatiksel olarak anlamli bir sekilde tanimlamistir; (4) Erkek alani olarak
matematik, matematik basarisim pozitif ve istatistiksel olarak anlamli bir sekilde
tanimlanmugtir; (5) Ogretmen niteligi, matematie yonelik tutumu ve matematik
basansimi pozitif ve dogrudan istatistiksel olarak anlamli bir gekilde etkilemistir;
(6) Baba niteligi, matematige yonelik tutumu ve matematik basarisimi pozitif ve
dogrudan istatistiksel olarak anlamli bir gekilde etkilemistir; (7) Anne niteiigi,
matematige matematik bagarisini pozitif ve dogrudan istatistiksel olarak anlamli bir
sekilde etkilemistir; (8) Anne kalitesi, matematige yonelik tutumu negatif ve

dogrudan istatistiksel olarak anlamli bir sekilde etkilemistir

Anahtar Kelimeler: Matematik Basarisi, Matematige Yonelik Tutum, Karsilikli

Iliski, Lineer Yapisal Denklem Modeli
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CHAPTER 1

INTRODUCTION

Knowledge of the mathematics has been described as the “critical filter ” for
entrance into many occupations. Lack of mathematical knowledge prohibits many
from participating in careers that would be economically rewarding as well as
psychologically satisfying. The explanation of the failure of many to obtain this
mathematical knowledge is complex and poorly understood. It is known, however,
that an increasing number of students who are qualified intellectually are deciding
not to study mathematics, and many more girls than boys make this decision.
Attitudes toward mathematics affect both selecting to study mathematics and its
learning.

A number of researchers have investigated the relationship between
achievement in mathematics (AIM) and attitude toward mathematics (ATM) (Aiken,
1971 & 1976; Abrego, 1966, Wolf and Blixt, 1981; Randhava & Beamer, 1982;
Revicki, 1982; Minato & Yenase, 1984; Feather, 1988; Kloosterman, 1991; Ma &
Kishor, 1997, Ma, 1997). However, the research literature has failed to provide
consistent findings regarding the relationship between ATM and AIM. A number of
researcher have demonstrated that the ATM - AIM correlations quite low, ranging
from zero to 0.25 in absolute value, and they have concluded that the ATM - AIM
relationship is weak and con not be considered to be of practical significance

(Abrego, 1966; Wolf & Blixt, 1981). Robinson (1975) concluded that AIM accounts



for, at best, 15 % of the variance in AIM, indicating that the relationships have no

useful implication for educational practice.

" On the other hand, Enemark and Wise (1981) demonstrated that “the
attitudinal variables are significant indicators of mathematics achievement and few
of the attitudinal variables also showed strong relationship with math achievement
even after background and academic criterion variables are controlled. Steinkamp
(1982) concluded that primary variable that determine AIM is ATM. These
conclusions represent the views of a strong relationship between ATM and AIM with
correlation above 0.40, as supported by a number of researchers (Kloosterman, 1991;
Minato. 1983; Minato and Yanase, 1984).

Still other findings show that although the ATM - AIM relationship is
statistically significant, it is not very strong from a practical perspective, with
correlations ranging from 0.20 to 0.40 in absolute value (Aiken 1970a). He stated
that “‘the correlations between attitude and achievement in elementary school, though
statistically significant in certain instances, are typically very large. Later, Aiken
(1976) noted that the ATM - AIM relationship is usually positive and meaningful at
the elementary and secondary school levels, but may not always reach statistical
significance.

Unfortunately, mathematics educators have done little to investigate causal
relationship between ATM and AIM. That is, more positive ATM contributes to a
higher level of AIM. Most studies use correlation coefficients as a measure of the
relationship and therefore do not provide clear evidence in regard to whether ATM is
cause or an effect of AIM (Enemark and Wise, 1981; Neale, 1969). Quin and Jadav
(1987) argued that distinctions ought to be made between a reciprocal ATM - AIM
relationship and a causal ATM - AIM relationship. Although researchers have
published studies on the causal relationship between ATM - AIM (e.g. Ethington and
Wolfle. 1984, 1986) they tented to conduct them from a unidirectional perspective.
Ethington and Wolfle (1984,1986) proposed structural equation model of
mathematics achievement in which ATM is specified to cause AIM.

Moreover, the weak causal relationship between ATM and AIM might be due

to the attempt of researchers to search for a direct cause —effect relationship between
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attitude and achievement. It is very likely that previous researchers omitted certain
indirect causes in their examinations of the causal relationship. There may still be
meaningful effect size on the causal relationship if researchers combine direct and
indirect effects of ATM on AIM. So, taking into account the potential mediating
variables between ATM and AIM may produce better results.

In addition, there is still little evidence that previous researchers seriously
recognised that attitude and achievement interact with each other in complex an
unpredictable ways (Mcleod, 1992). In their study, Ethington and Wolfle (1986)
argucd that enrollment in mathematics courses is likely to affect attitudes toward
mathematics and these attitudes affect decision to enroll in mathematics courses.
Thus, specifying any unidirectional causal relationship between ATM and AIM
would be not appropriate. In line with this argument, Feather (1988) examined a
bilateral relationship between mathematics ability and mathematics valance. Revicki
(1982) investigated the reciprocal effects between mathematics self-concept and
mathematics achievement. Ma (1997) studied on the reciprocal relationship between
attitudes toward mathematics (ATM) and achievement in mathematics (AIM). He
took father education level, mother education level, sex, importance of math,
difficulty of mathematics. enjoy with mathematics as observed variables, ATM and
AIM as latent variables.

However, to get the whole picture of the reciprocal relationship between
ATM and AIM those variables are not enough. Besides them the other variables can
be stated as teachers’ attitudes toward mathematics and teaching mathematics.
mathematics anxiety, confidence in learning mathematics, success attribution,
parents’ attitude toward mathematics and their expectations from child about
learning mathematics.

Teacher’s attitudes and effectiveness in mathematics viewed as being prime
determiners of students’ attitudes and performance in subject (Garner, 1963;
Torrance, 1966; Fennema. Peterson, Carpenter & Lubinski, 1990; Karp, 1991; Austin
& Wodlington, 1992; Carter & Norwood, 1997).

Fey (1980) claimed that although teachers’ knowledge of mathematics and
how to teach it was important, their beliefs about mathematics teaching had equal

impact on students. In addition, Thompson (1984) found that teachers’ beliefs about



mathematics do influence how they teach mathematics. The teacher who feels
insecure, who dreads and dislikes subject, can not avoid transmitting her feelings to
the children. Moreover, studies of Carpenter and Lubinski (1990) have indicated that
teacher attitudes towards a subject influence both the instructional techniques they
use and that these in turn may have an effect on pupil attitudes.

It is important to determine direction and strength of the effects of teacher
attitudes and effectiveness in mathematics on student’s attitudes toward mathematics
and achievement in mathematics. That can help teacher education institutions and
school district administrators to develop programs to help pre- and in-service
teachers to recognise and overcome the problem of negative attitudes toward
mathematics and instructional consequences of these attitudes. Such programs would
ultimately help the teachers themselves and the students whom they teach over many
years.

Besides, teachers’ attitudes and effectiveness in mathematics, the students’
family background is influential in learning even in the subject of mathematics,
which may appear to be learned exclusively in school (Proffenberger & Norta, 1959;
Alper, 1963; Hill, 1967; Hattie, 1984; Wang, Wildman & Callahun, 1996).

Since about 85 percent of the student’s educative hours between birth and age
18 are at least nominally controlled by parents rather than educators the home is a
critical on the amount learned. According to Poffenberger and Norton (1959), parents
affected the child’s attitude and performance in three ways: (1) by parental
expectations of child’s achievement; (2) by parental encouragement; (3) by parents’
own attitudes toward mathematics. So educators and parents can cooperate to
increase the intellectually supportive conditions and encourage perseverance in the
home, then achievement is likely to rise proportionately. Improving attitude and
encouraging great learning are both important for long-term results. Therefore, with
the identification of direction and strength of parents’ effect on students’ attitudes
toward mathematics and achievement in mathematics, educators will provide
appropriate guidelines to parents.

In addition to teachers’ attitudes toward mathematics and teaching of
mathematics, and parents, there is an increasing recognition that affective factors

play a critical role in teaching and learning of mathematics (Reyes, 1984). One factor



that has probably received more attention than any other area in the affective domain
is anxiety toward mathematics. Educators usually link poor mathematics
achievement, discomfort with mathematics, negative attitudes toward mathematics,
avoidance of mathematics tasks with the construct of anxiety toward mathematics
(Drager & Aiken, 1957; Alpert, Stellwagen & Becker, 1963; Degnan, 1967,
Carpenter, 1980; Holden, 1987). Studies on mathematics anxiety provide some
general conclusions about the relationship between mathematics anxiety,
mathematics achievement and attitudes toward mathematics. Negative relationship
has been found between these variables, so that high achievement and positive
attitudes toward mathematics is related to low anxiety for students from grade school
through college (Aiken, 1976; Mecce, Wigfield & Eccless, 1990; Ma, 1999). Hence,
including mathematics anxiety will enlighten the relationship between mathematics
anxiety and achievement in mathematics and attitudes toward mathematics. Results
of the present study may help teachers become aware of the problems of anxious
students: they will focus on causes, effects, and remedies of mathematics anxiety.
Educators will develop treatment programs to help students to manage their
emotional stress.

Confidence is another important affective variable. Confident students tend to
learn more, feel better about themselves, and be more interested in pursuing
mathematical ideas than students who lack of confidence (Reyes, 1984j. How sure a
person is of being able to learn new topics in mathematics, perform well in
mathematics class, and do well in mathematics tests are used to refer confidence in
learning mathematics (Fennema & Peterson, 1983; Reyes, 1984). People who are
sure of their ability in mathematics will probably choose tasks involving mathematics
more often end persist longer than those who are not sure they will succeed.
Crosswhite (1972) found that positive correlation between “confidence and
mathematics achievement. Fennema and- Sherman (1977&1978) studied the
relationship between confidence in mathematics and mathematics achievement for
students 6-12. They found that positive relationship between mathematics
achievement and confidence as measured by the Fennema Sherman Confidence
Scale. Amstrong (1980) and Dawling (1978) found relatively strong relationship

between confidence in learning mathematics and achievement in mathematics.



Research studies on confidence in learning mathematics indicate the importance of
this variable in relation to student achievement. Thus, inclusion of this affective
variable in the study may clarify its relationship with achievement in mathematics.

Besides mathematics anxiety and confidence in learning mathematics,
attribution is a helpful means of examining the details of student motivation and
achievement in schools. Mathematics education studies on concerning attribution
deal with students’ and teachers’ perceptions of the causes of student success or
failure on mathematics tasks. They have been done mainly to help and understand
students’ achievement in mathematics. Studies of attribution have examined how
percieved causes of success and failure are related to academic achievement (Reyes,
1984). There is a well established relationship between attribution and achievement
related behaviours such as persistence, effort and choice of challenging tasks. When
a person perceives the cause of success and failure as stable (ability or task
difficulty); the change in expectations will be greater than when unstable factors
(effort or luck) are seen as the cause. According to Weiner (1974) when success is
attributed to good luck. the increase in expectancy for future success in that situation
will be smaller than if the success had been attributed to ability or ease of the task.
Similarly, when failure is seen as caused by low ability, the drop in expectancy for
future performance is greater than when failure is attributed to lack of effort or bad
luck. So, including attribution as variable in the study may further our understanding
of why certain students succeed or fail in mathematics in Turkey. Identifying role of
attribution in mathematics achievement may help teachers to develop ways to reduce
attribution that produce learned helpless.

However, a major reason for studying affective factors (mathematics anxiety,
confidence in learning mathematics, success attribution) in mathematics education is
to find ways to help students learn more mathematics. Another reason to study
affective variables is that a positive attitude toward mathematics is an important
educational outcome, regardless of achievement level (Reyes, 1984),

Nevertheless, mathematics anxiety, confidence in learn‘ing mathematics and
success attribution is not only affective variables that are included in the present
study. Like Ma’s (1997) study importénce of the mathematics, mathematics as a

male domain are the other included variables.



There has traditionally been a difference between girls and boys in the areas
in which they are expected to work for success: boys value achievement in
intellectual and leadership areas, whereas girls value work requiring well-developed
social skills (Leder, 1992). There is considerable evidence that as early as second
grade children view reading, artistic, and social skills as feminine and athletic,
spatial-mechanical, and mathematical skills as masculine. Similarly studies indicate:
that boys prefer leisure activities focused on skills and mastery of objects whereas
girls prefer activities that emphasise interpersonal relationships. However, results
from the literature are nol clear. Some studies have reported that boys display more
favourable attitudes toward mathematics than girls do (Kaczala, 1981; Gwizdala &
Steinback, 1988; Fennema & Carpenter, 1981; Hanna, 1986; Messer, 1993; Ma,
1995). Other studies, however, reported that girls have more positive attitudes toward
mathematics (Dungan & Thurlow, 1989). Moreover, other investigations have
reported no significant gender difference with respect to the attitudes toward
mathematics (Aiken, 1976; Hilton & Berglund, 1982; Kavrell & Peterson, 1984; Hall
& Hoff, 1988).

Since there has been sharp disagreement in the literature regarding the
evidence for a boy advantage in mathematics achievement, inclusion of gender as a
variable in the present study may provide new insight into relationships achievement
in mathematics, gender and attitudes toward mathematics relationship. .According to
the results of the present study teacher may develop strategies to deal with gender
related differences in mathematics achievement and attitudes toward mathematics.

[t can be concluded that when attitude scores are used as predictors of
achievement in mathematics, a low but significant positive correlation is usually
found (Abrego, 1966; Aiken, 1971 & 1976; Wolf & Blixt, 1981; Randhava &
Beamer, 1982; Minato & Yenase, 1984; Kloosterman, 1991). Although most studies
use correlation coefficients as a measure of the relationship between variables, they
do not provide clear evidence in regard to whether attitudes toward mathematics are
a causc or an effect of achievement in mathematics. Althoﬁgh researchers have
published studies on the causal relationship between attitudes toward mathematics
and achievement in mathematics they tended to conduct them from unidirectional

perspective (Enemark & Wise, 1981; Steinkamp, 1982; Revicki, 1982; Feather,




1988; Mcleod, 1992). However, there is a little evidence that unilateral relationship
can not capture the interactive characteristics of attitudes toward mathematics and
achievement in mathematics. Nevertheless, previous researchers seriously recognised
that attitude and achievement interact with each other in complex and unpredictable
way and while identifying relationship between ATM and AIM including mediating
variables: students’ perception of teachers’ beliefs about mathematics, attitudes
toward mathematics and mathematics achievement, and their expectation; students’
perception of parents’ encouragement, confidence in their ability, attitudes toward
mathematics, and their expectations; mathematics anxiety, confidence in learning
mathematics, success attribution in mathematics, beliefs of the students and gender
were important (McLeod, 1992; Ma & Kishor,1997; Ma, 1997).

Unfortunately, in Turkey there is no research study on modeling of
relationship between achievemnt in mathematics and attitudes toward mathematics.
However, there are several research studies on modeling in Science Education and
Foreign Language Education (e.g. Tosunoglu,1993; Berberoglu, 1995;
Stileymanoglu, 1997; Berberoglu 1999).

Consequently, in Turkey, it is worth to study on relationship between
attitudes toward mathematics (ATM) and achievement in mathematics (AIM)
including the identified factors by the previous studies that have important effects on
the relationship between ATM and AIM. The basic variables in the examination of
this relationship are mother quality, father quality, teacher quality, confidence in
learning mathematics, success attribution mathematics, math anxiety, mathematics as
a male domain, students’ perceptions of usefulness and importance of mathematics,
effectance motivation. Thus, the purpose of this study is to model reciprocal
relationships between attitude toward mathematics and achievement in mathematics

with these selected variables.



CHAPTER 2

REVIEW OF THE LITERATURE

This chapter includes theoretical background and literature review of the
present study. First, theoretical background for the variables summarised. Then, the

literature related to the present study is reviewed and discussed.

2.1 Theoretical Background

In this section theoretical background for the variables included in the present

study was summarised.

2.1.1 Affective Variables

In a review of affective variables, Reyes (1984) identified confidence in
learning mathematics, usefulness of mathematics, success attribution related to

mathematics, mathematics anxiety as the important affective variables.

2.1.1.1 Confidence in Learning Mathematics

Confidence in learning mathematics refers to ones ability to learn and
perform well on mathematical tasks. How sure a student in of his or her ability to
learn new mathematics and to do well on mathematical tasks is one part of the self-
concept? Confidence influences a student’s willingness to apprbach new material and
to persist when the material becomes difficult (Reyes, 1984; Fennema and Peterson,
1989). Confidence in learning mathematics is also reflected course taking and career

aspirations in quantitative fields. Researchers have investigated relationship between



confidence in learning mathematics and mathematics achievement. Crosswhite
(1972) reported that correlations between confidence and mathematics achievement
scores ranging from 0.19 to 0.37.

Similarly, Fennema and Sherman (1977,1978) found positive significant
correlations between mathematics achievement and confidence as measured by
Fennema-Sherman Confidence scale.

However, Bulut (1988) didn’t find significant relationship between
mathematics self-concept and mathematics achievement of freshman in the
Department of Mathematics Education.

In the Bloom’s Theory of school Learning confidence is one of the affective
variables that affect students’ achievement and attitudes toward mathematics (see in

Figure 2.1.1).

STUDENTS CHARACTERISTICS INSTRUCTIONS LEARNING OUTCOMES
Cognitive Entry

Behaviours

Level and Typev of

Achievement
| Learning / :

Tasks -"‘""’T Rate of Learning

T \T Affective Outcomes

Quality of

Affective Entry

Characteris .
Instruction

Figure 2.1.1 Bloom’s Theofy of School Learning

2.1.1.2 Usefulness and Importance of Mathematics
Usefulness of mathematics refers to students’ beliefs about the usefulness of
mathematics currently and in relationship to their future. Students’ perceptions of the

usefulness and importance of mathematics, both immediately and in their future, is a
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variable that have been shown to be strongly associated with mathematics
participation and achievement (Fennema & Leder, 1989).

Usefulness of mathematics may, in fact, influence participation on a short-
term basis by increasing persistence when the material gets harder. This can be
understood within the framework of the Expectancy X Value model of achievement
motivation (Atkinson, 1964). In this model motivation to engage in a given task is
the product of the student’s expectancy of success and his perception of the value of
the task. The student confidence, and therefore his expectancy of success, can be
low. but a strong perception that mathematics is useful, and therefore valuable, will
result in the motivation to continue, despite the difficulty.

A few studies have examined perceptions of usefulness relative to the
mathematics participation and achievement. Carpenter and Corbit (1980) found that
students percieved mathernatics as the useful to themselves as individuals and border
concerns of society. Pedro, Wolleat, Fennema, and Becker (1981) considered
usefulness and other affective variables as predictors of plans to study high school
mathematics. It was found that after prior achievement usefulness was the strongest
predictor for both genders. Usefulness of mathematics is the most important reason
in deciding to take more mathematics. Lantz and Smith (1981) found that the
subjective value placed on mathematics was the attitudinal variable most highly
correlated with mathematics participation.

TIMSS (1997) students’ perception of importance of mathematics identified
as the important attitudinal variable. Ma (1997) also identified importance of
mathematics was a kind of awareness or recognition, an attitudinal element that

encourage students to put more effort into learning mathematics.

2.1.1.3 Anxipty in Mathematics

Fear of failure or lack of confidenece as well as some contextual inhibits
understanding and enjoyment in mathematics. Poor mathematics achievement,
discomfort with mathematics, negative attitudes toward mathématics, avoidance of
mathematics task usually linked with the mathematics anxiety. Mathematics anxiety
refers to feelings of anxiety, dread, nervousness and associated bodily symptoms

related to doing mathematics.
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Byrd (1982) presents a model of the process of anxiety, which she adapted

from Spielberger (1972) (see Figure 2.1.2).
Stressor —ppPerception of Threat—p-A-state reaction —;ﬂognitive Reappraisal—p Coping

Figure 2.1.2 Anxiety as Process from Byrd

The model shows the sequence of responses with which an individual reacts
to an anxiety- arousing situation. First, the individual has a stressful experience,
which is subsequently percieved as threatening in someway. The perception of threat
may come immediately after the stressor or after some time has passed. No anxiety is
produced unless the individual is aware of the stressful experience and perceives it as
threat. The anxiety reaction itself consists mainly of physiological and behavioural
signs associated with the reaction to the stressor. The physiological reaction may
include a speeding of heart and breathing rate, tension of muscles, sweaty palms,
dilation of pupils, or other responses of the autonomic nervous system. Behavioural
reactions are more subject to conscious control by the individual than the
physiological ones, may include trembling of the voice, biting of fingernails, or
fidgety behaviour. Cognitive appraisal comes after the A-state reaction begins;
though the anxiety reaction does not necessarily and when cognitivye reappraisal
begins. This state consists of selecting a method of coping with the stressor may take
variety of forms, involving actions to combat the treat, inaction or defence
mechanisms such as repression and rationalisation. Some forms of coping may
actually improve and individual’s performance. This often occurs when the arousal
from anxiety is great and the individual takes positive action to reduce the unpleasant
state. More frequently, however, the methods of coping decrease performance or
have a negative effect on the individual. When the consequences of anxiety are
positive, the anxiety is called facilitative; when the consequences are negative the
anxiety is called debilitative. 4

Though an extensive foundations of theory and research exists on anxiety,
relatively little research studies about specific mathematics anxiety has been

conducted. Research on mathematics anxiety provides some general conclusions
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about the relationship between anxiety and mathematics achievement. Aiken (1970,
1976), Fennema (1977), Fax (1977), Betz (1978), and Holden (1987) had all pointed
out that mathematics anxiety contributes to mathematics avoidance and poor

mathematics performance.

2.1.1.4 Success Attribution in Mathematics

Success attribution in mathematics refers to students’ anticipation about
positive or negative consequences as a result of success in mathematics. The way in
which a student attributes causation for success and failure is another affective
variable prominent in the literature. Mathematics education attribution research uses
a formulation of attribution of academic success and failure developed by Weiner
(1974). Wiener proposes a two dimensional model with four major causes of success
and failure-ability, effort, task difficulty, and luck, organised in 2x2 matrix (see

Table 2.1.1).

Table 2.1.1 Attribution of Success and Failure from Wiener

Stability Locus of control
Internal External

Stable Ability Task Difficulty

Unstable Effort Luck

The two dimensions are locus of control and stability. Locus of control relates
to whether the cause of success or failure is percieved to result from some factor
within or outside of the individual; stability is concerned with whether the cause can
change for an individual from one time to another. Since ability is the same frame
one time to another and is due to a factor within a person, it is categorised as stable
and internal. Effort is internal and unstable because the individual has control over

effort and may vary the effort expended in different situations. Task difficulty is
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stable, because a given task doesn’t change in difficulty from one situation to
another. Task difficulty is also external since a person has no control over it. Luck
changes from time to time and is dependent df the individual; therefore, it is
classified as unstable and external.

According to the results of the attribution studies done in mathematics, boys
attributed their success in mathematics to ability more often than girls, and girls
attributed their success to effort more than boys (Wolleat, Pedro, Becker & Fennema,
1980: Parsons, Meece, Adler, & Kaczala, 1982). TIMSS (1997) found that success

attribution was important attitudinal factor.

2.1.2 Sex Role

Sex role is an important influence on girls’ valuation of mathematics. The
value of mathematics to girl can be affected by whether or not she thinks studying
mathematics is a sex-role- appropriate activity. If she believes mathematics is
inappropriate for girls then her achievement in mathematics could result in a
perception that she has not adequately fulfilled her sex role. She might also perceive
that teachers and peers have lower expectations for her mathematical success because
she is a girl. Another possible outcome is a perception that others see her as
somewhat less than feminine when she achieves in mathematics. Sex role is not
likely to be as important for males since the prevailing stereotype is that mathematics
is a boy dominated and therefore a very appropriate subject for boys study and
achievement (Fennema & Leder, 1989).

The effects of stereotyping mathematics as a male domain have been
considered in a number of studies with varying results. Fennema and Sherman
(1977,1978) found that, on the subscale of the Fennema-Sherman Mathematics
Attitude Scales (Fennema & Sherman, 1984) measuring “mathematics as male
domain™, male and female responses different significantly than did females.
Phenomena and Carpenter (1981), Hilton and Burgled (1982), Hanna (1986), Messer
(1993) found significant gender differences in mathematics achievement. However,
Kavrel and Peterson (1984), Steinback and Gwizdala (1989) Ma (1995), found that

there was no gender differences in mathematics achievement.
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These mixed results suggest that in spite of the theoretical relevance of this
variable to achievement in mathematics, it may not be useful in predicting either

participation or achievement in mathematics.

2.1.3 Models in the Mathematics Education

There are three models that guide research studies in the affective domain:

Kulm’s Model, Fennema and Petersons’ Model, Eccles and his collegues Model.

2.1.3.1 Kulm’s Model
Kulm (1980) presents a model for the relationship between attitudes and
behaviour. The model was developed as a source of hypotheses for research on

attitudes toward mathematics (see Figure 2.1.3).

Attitude Mediating Learning
Behavioural Factor Factor Situation Response

.
(® C =

o © =
(0]

Figure 2.1.3 Kulm’s Model “Relationship between Attitudes and Behaviour”

In the model the attitude factor, represented by A, may be either positive or

negative. An example of a positive attitude factor is “enjoy mathematics”. B
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represents a mediating factor such as liking the mathematics teacher (a positive
factor) or feeling that mathematics is an inappropriate area of study (a negative
factor). The learning situation, C, is concerned with factors such as the difficulty of
the learning task, the importance of the task, or the length of time needed to complete
the learning task. The behavioural response might be spending time on task, being
persistent in  working on mathematics assignments, or completing difficult

assignments.

2.1.3.2 Fennema and Petersons’ Model
Fennema and Peterson (1983) developed a model that provides direction for
research on gender —related differences in mathematics achievement (see Figure

2.1.4). It is concerned with several affective variables.

Internal Autonomous Sex-related

Motivation Learning Differences in

Mathematics achievement

External /

Influence

Figure 2.1.4 Autonomous Learning Behaviour Model from Fennema and Peterson

Fennema and Peterson hypothesise that certain behaviours are crucial for
success on problem solving tasks in mathematics. In order to solve complex
mathematical tasks, student must be able to work independently, must persist, must
choose such tasks to work on, and must succeed in solving the tasks, Fennema and
Peterson call these behaviours “Autonomous Learning Behaviours” (ALB). The
model suggests that ALB are influenced by both internal and external factors, and in

turn, differential use of ALB by females and males produces gender —related
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differences in mathematics achievement (see Figure 2.1.4). In this model, internal
motivational beliefs include several interrelated components: confidence in learning
mathematics, percieved usefulness of mathematics, pattern of causal attribution for
success and failure in mathematics, and perception of how mathematics achievement
fits with one’s sex role identity. The major external influence discussed by Fennema

and Peterson is the mathematics classroom, including all the interactions between

teacher and student.

2.1.3.3 Eccles and His Collegaues Model

The model developed by Eccles, Adler, Futterman, Goff, Kaczala, and Meece
& Midgley (1983)-view mathematics education from the perspective of achievement
motivation and is concerned specifically with students’ decisions about enrolling in
advanced mathematics courses. This model of achievement integrates a broad range
of rescarch on gender-related differences in mathematics and achievement
motivation behaviour (see Figure 2.1.4). It builds on the expectancy/value theories of
achievement and hypothesises that expectancy for success on a task and the
subjective value of the task for the individual are curiciual in students’ mathematics
course enrollment decisions.

The Eccles model combines confidence, usefulness attribution, anxiety, and

several other affective variables to explain enrollment decisions.
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On the basis of relevant literature theory and these three models usefulness of
mathematics, importance of mathematics, confidence in learning mathematics,
success attribution in mathematics, mathematics anxiety, mathematics as a male

domain can be taken as the attitudinal variables.

2.1.4 Teachers’ Beliefs and Expectations

2.1.4.1 Teachers’ Beliefs

Teachers work and make decisions in a complicated environment. Not only is
classroom playing complex, but also the actual interactions between teacher and
student demand that teachers make decisions quickly and continually. There is a
rapid flow of events that teacher must apprehend and process before deciding how to
respond. Teachers need to decide such things as whether the pacing of the lesson is
appropriate; whether the activity selected is working to achieve stated goals. What
child to call on when a question is asked, how to respond to the answer, how to
motivate a certain students. The decisions that teachers make have a strong influence
on what their students learn and how they feel about themselves as they learn.
(Wolfok, 1993).

Fennema, Carpenter and Peterson (1989) have suggested a model that
tllustrates how teachers’ knowledge and beliefs influence learning, shown in Figure

2.1.6.
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Figure 2.1.6 The Influence of Teachers Knowlédge and Beliefs on Students’Learning

In the Bloom’s Theory of School Learning the final outcome, students’
learning, is directly influenced by children’s cognition and behaviours, which in turn
are influenced by classroom instruction (see in Figure 2.1.1). Variations in learning
and the level of learning of students are determined by the students’ learning history
and the quality of instruction they receive. As can be seen from the diagram quality
of instruction has an observable effect on the learning process and achievement level
in learning task or tasks. The interaction between the students and the teacher
constitute the quality of instruction (Bloom, 1976).

Since mathematics educators become aware of the significant roles that
teachers’ beliefs play, the study of beliefs increased in recent yeafs. (Pajores, 1992;
Erest, 1989; Bolin, 1988; Thompson, 1984; Brickhouse, 1990; Schoafeld, 1989;
Karp, 1991; Austin and Wodlington, 1992; Carter and Norwood, 1997). They have
all pointed out that the form and intensity of the influence of beliefs varied by
individual, but teachers’ beliefs shape the way in which they teach mathematics.

How children perceive mathematics will be based on what teachers do in the
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classroom. Students’ beliefs about learning and beliefs about the nature of the subject
matter affect their learning.

2.1.4.2 Teacher Expectations

Teacher expectations may affect students in the following manner. Teachers
begin by forming expectations about how individual students will behave or how
well each will do in the class. The teachers then treat each student to do well, that
student may be given more encouragement or more time to answer a question.
Students given more time and more encouragement answer correctly more often. If
this pattern is repeated daily for months, the students given more time and
encouragement will do better academically and score better on achievement tests.
Over time, the students’ behaviour moves closer and closer to the kind of
performance originally expected by the teachers (Wolfok, 1993)

Braun (1976) has developed a model based on research findings to explain
the origins of teacher expectations and the ways in which these expectations are
communicated to students and then perpetuated by student behaviour. Figure 2.1.7

show the basic elements of this model.

Source of information about

v

l Teacher Exnectations 1

v

[ m
f—l Teacher Behavior I_——j ‘ l

Grouping Type of General Quality of Type of Reinforcement and Different
l ) . ifferen
. Question Asking Interaction Feedback S
Activities
Success for Students’ Academic Self-evaluation | <

LStudent Self-evaluation I ’| Student Behaviors | ¢ _

Figure 2.1.7 Teacher Expectations and Changes in Student Behaviour
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He lists 10 possible sources of teacher expectations. Intelligence test scores
are an obvious source, especially if teachers do not interpret the sources
appropriately. Sex also influence teachers; most teachers expect more behaviour
problems from boys than from girls. The notes from previous teachers and the
medical or psychological reports found in cumulative folders are another obvious
source of expectations. Previous achievement, socioeconomic class, and the actual
behaviours of the students are also often used as source of information.

With the guide of the Teachers’ Beliefs Model, Teacher Expectations Model
and the relevant literature teachers’ beliefs, their expectations taken as a variable that

affect students’ attitudes toward mathematics and achievement in mathematics.

2.1.5 Mother and Father

According to the Proffenberger and Norta (1959), parents affect the child’s
attitudes and performance in three ways: (1) by parental expectations, (2) by parental
encouragement, and (3) by parents’ own attitudes. Alper (1963) found that student’s
attitudes were positively correlated with the amount of mathematics education
desired by parents for their children. On the other hand, Hill (1967) showed that
parental attitudes and expectations for their sons were not significantly related.
However, Wang, Wildman and Calhaun (1996) found that variability in student
achievement explained by the significant parental variables: mother education level,
father education level, mother’s expectation from child about learning mathematics,
father’s expectation from child about learning mathematics.

Ethington (1992) developed models about father and mother influence on

males and females diagrammed in Figure 2.1.8 and 2.1.9
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Figure 2.1.8 Parent Influence on Males
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Figure 2.1.9 Parent Influence on Females

According to the models the first block of variables: perception of parents’
attitudes, and parental help with the study of mathematics is correlated. The second
block of variables represents students’ self —concept of their mathematical abilities
and their perception of the difficulty of mathematics. Family help, perceptions of
parents’ attitudes, and prior achievement predominantly influence each of these
measures. The next variable represents students’ goals related to mathematics. This

measure is directly influenced by the self —concept, difficulty, and perceptions of
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parents’ attitudes. The final block of variables contains expectation for success in
mathematics and the percieved value of mathematics. Self-concept and perception of
difficulty, goals, prior achievement, perception of parents’ attitudes are directly
influence each of these measures. An additional direct effect on value is expected
from goals. The last variable in the model represents the achievement behaviour,
which is defined as current achievement in mathematics. Expectations and value
directly influence achievement for males, and for females stereotyping, family help

and difficulty directly influence achievement, other variables influence indirectly.

2.2. Previous Studies

In. light of the prominent role of mathematics among subjects in school, it is
not suprising that much educational and psychological research has been devoted to
identification of factors that enhance the learning and teaching of mathematics.
Extensive research has led to the identification of major groups of factors influencing
achievement in mathematics as well as in other subjects: student characteristics
(confidence in learning mathematics, mathematics anxiety, success attribution),
father and mother quality (parents education levels and students’ perception of their
expectations, encouragements, interest and confidence in their ability), students
perceptions of usefulness and importance of mathematics, teacher quality (students’
perceptions of teacher encouragement, interest, confidence in their abilirty and his \
her competency in mathematics). The majority of studies confirm that cognitive
student characteristics explain large part of observed variance in achievement and
attitudes. (Atkinson, 1964; Carpenter & Corbit, 1980; Khamis & Shotwell, 1980;
Corbit, 1984; Reyes, 1984; Jayne, 1990; Vanayan, 1997; TIMSS, 1997).

2.2.1 Relationship between Attitudes toward Mathematics (ATM) and Achievement
in Mathematics (AIM)

Over the past 25 years there has been increased concern for the influence of
attitudes towards particular subject areas on achievement outcomes in those areas.
This attention to the role of attitudes in school learning has been focused particularly

on the learning of mathematics in the classroom.
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Lots of studies have reported low, but significant positive relationship
between students’ attitudes toward mathematics and their levels of achievement
(Attonen,1969; Tsai&Walberg,1983; Suydam,1984). These results have been found
with the samples of primary, secondary and higher education students.

Aiken (1972) investigated attitudes of the 97 boys and 85 girls of the eight
grade students toward mathematics. The responses of these students to each item on
a ninety item biographical inventory were correlated with total scores on
mathematics attitude scale. Correlations were significant. He found that (1) there was
a general variable of attitudes toward mathematics includes attitudes toward routine
computations, terms, symbols, and word problems; (2) there were sex differences in
the direction and degree of the relationship of mathematics attitude to interest in
other subjects and to personality characteristics; (3) attitudes toward mathematics
was positively correlated with grades in arithmetic and mathematics and (4) attitudes
toward mathematics was related to student’s perceptions of the attitudes and abilities
of their teachers and parents.

In the causal analysis of the attitudes toward mathematics researchers studied
on the identification of endogenous variables and on the estimation of strength of
their effects on attitudes toward mathematics. The model hypothesised attitude
development may be influenced by a number of factors operating inside and outside
of the school (see in Figure 2.2.1). Although the model recognised that exogenous
factors (originating outside school) such as the student’s gender, social class, and
scholastic aptitude may contribute to attitude formation these factors were not
included in the model for two reasons. First, these exogenous variables resided
outside of the educator’s sphere of immediate influence in school. Secondly, an
earlier analysis of data on attitudes toward mathematics suggested that these
exogenous variables have a limited relationship to attitude (Haladyana &
Shaughnessy, & Shaughnessy 1982). The model therefore concentrated on the effect
of endogenous variables within the school that were seen as alterable. The model
posited that the development of attitude toward mathematics was likely to be

influenced by the teacher and the learning environment.
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Figure 2.2.1 Hypothesised Model of Haladyana, Shaughnessy, and Shaughnessy

Five dimensions of the model that were (1) student motivation, (2) teacher
quality. (3) social-psychological class climate, (4) management organisation class
climate, (5) attitudes toward mathematics. Attitudes toward mathematics were
examined in the relationship with student motivation, teacher-quality, the social-
psychological class climate, and management-organisation class climate. To
investigate the validity of the model and to explain causal determinants of attitudes
toward mathematics the technique of path analysis was used. They found strong
associations between teacher quality measures and both attitudes toward mathematics
and student motivation (Haladyana, Shaughnessy, Micheal , 1983).

In the Third International Mathematics and Science Study (TIMSS, 1997)
researchers investigated influencing factors on achievement in mathematics in grade
8 among nine European countries. The nine Education system were: Belgium
Flemish, Belgium French. Czech Republics, Denmark, England, Lithvania, Norway,
Sweden and Netherlands. From nine countries totally 19 671 eight grade students

included in the study. As seen in Figure 2.2.2 included influencing factors were
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homework, teaching style, school climate, student’s gender, maternal expectations,
friends” expectations, success attribution, instructional formats, mathematics lesson
climate, attitude towards mathematics, home educational backgrounds, teacher’s
expectation, class size, effective learning time, assessment, students’ attitudes toward
mathematics, and out of school activities. The model with the selected variables
explored by means of path analysis. On the basis of path analysis outcomes they
found that a few factors, seem to be important to explain variances in mathematics
achievement: (1) home educational background (positive relation with mathematics),
(2) out of school activities (negative relation with mathematics), (3) attitudes toward

mathematics (positive relation with mathematics) (TIMSS, 1997).
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Welch, Anderson and Harris (1982) tried to determine the proportion of
variance in mathematics achievement attributable to differences in the number of
semesters of mathematics courses after taking into account the influence due to
various background variables. Data had drawn from the 1977-1978 National
Assessment of Educational Progress in Mathematics. Sample of the study was 2216
17 year old students. The multiple regression analysis performed. It was found that
background variables (welfare, profession status, parent education) accounted for 25
percent of the variance while exposing mathematics courses explained an additional
34 percent of the variance. It was also found that there were strong relationships
between nonschool background variables and mathematics achievement.

Tsai and Waberg (1983) investigated the dependence of mathematics
achievement and attitudes toward mathematics on each other and other factors.
Achievement test scores and ratings of 23 68 13 — year-old students who participated
in 1977-78 National Assessment of Educational Progress were analysed. Frequency
distribution for each independent variable mean, and standard deviations were
calculated. They found that achievement was significantly associated with attitudes,
gender, ethnicity, father’s and mother’s education, verbal opportunities in home and
frequency of mathematical practices, when variables were statistically controlled for
one another. Constructive mathematics attitudes were associated with achievement
and some factors except parent education. About 32 percent of the achievement
variance could be accounted by the factors.

Similarly, Cheung (1988) examined the relationship between mathematics
achievement and attitudes toward mathematics in junior secondary schools in Hon
Kong. Data were obtained from 130 grade 7 classes ( age = 13). Within each class all
students were tested. Achievement and attitudinal data were obtained for 5644
students. Mathematics achievement within the intentionally defined curriculum was
measured using specifically designed tests by Second International Mathematics
Study project committee. Ten, 5 point Likert scales with 5 indication the most
positive views towards mathematics were used to elicit students attitudes and
perceptions on percieved home supports, percieved home process, mathematics

importance, mathematics easy, mathematics like, mathematics create, mathematics
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rules, mathematics and myself, mathematics and society and sex-stereotyping. In
order to investigate the nature and the degree of relationship between mathematics
achievement and various dimensions of attitudes toward mathematics, scatter
diagrams were plotted and pearson correlation calculated. The results indicated that
correlation between the attitudes dimensions and mathematics achievement were
positive, showing that the more positive the students’ attitudes toward mathematics,
the higher achievement in mathematics. The greatest correlation was associated with
mathematics and myself, which is a measure of the students’ own estimation of their
ability in doing mathematics; it was attained value of 0.42. Another two larger
correlations were associated with mathematics and society and mathematics create
(0.37 and 0.31), which measured the students’ perception of the usefulness of
mathematics in society and of mathematics as creative subjects. The other
dimensions of attitudes toward mathematics were associated with lower correlation
coefficients. He also found that relationship of mathematics achievement and
attitudes toward mathematics learning is reciprocal in nature. Thus, he pointed out
that it was not appropriate to depict only a direct causal link from attitude to
achievement and not indirectly or other way around.

Reynolds and Walberg (1989) developed a structural model of mathematics
achievement and attitude. Data collected from 3 116 eight grade public school
students (see Figure 2.2.3) . The model developed by the Reynolds and Walberg can
be seen in Figure 2.2.3. As can be seen from the figure 2.2.3 included variables in the
model were motivation, mass media, instructional time, percieved quality of
instruction, home environment, percieved peer environment, class environment,
grade 7 mathematics achievement, grade 7 mathematics attitude, grade 8

mathematics achievement and grade 8 mathematics attitude.

30



S1aqre g pue spjoukay Aq pado[sAaa(] [SPOIN [BonR109Y ], €7 2131

JUUIUOIIAUD

sse[D

IpnIIe yrew

L 9peID
SpmIE

Anmb

yjew g apein

[euoronnsur

PaA9IoIag

SWUOIIAUD

SwoH

JUSLIOASIYOR YIBw

PIPOW SSBIN

g apel

L

ON

a

DO

TC. YOKSEXOGRETIM KURULY

31



The measurement and structural models estimated by LISREL 7. Results
revealed that the productivity factors operate in complex network effects that have
not been apparent in previous studies. Results of the study indicated that prior
achievement and home environment influenced subsequent achievement most
powerfully; motivation, exposure to extramural reading media, peers involvement,
and instructional exposure also had significant influences on achievement. It was
found that previous attitude had the most powerful influence on subsequent attitude,
although the direct effects of instructional quality and indirect effects of motivation
and home environment were also notable. It was also found that teacher use of
instructional time and instructional practices were significantly effect mathematics
attitudes.

Ma and Kishor (1997) investigated the relationship between attitudes toward
mathematics (ATM) and achievement in mathematics (AIM) at elementary and
secondary levels. To assess the magnitude of this relationship, they conducted a
meta-analysis study to integrate and summarise the findings of the 113 studies. The
statistical results of these studies were transformed into a common effect size
measure, correlation coefficient. It was found that the relationship dependent on a
number of variables: grade, ethnic background, sample selection, sample size, and
date of publication. This meta-analysis revealed four results; (i) overall mean effect
size was 0.12 for the general ATM-AIM relationship, which along with the causal
relationship between ATM and AIM, doesn’t have meaningful implications for
educational practices; (ii) grade, ethnicity, sample selection, sample size and date of
publication all had reliable effects on the ATM-AIM relationship; (jii) gender did not
have a reliable effect on the ATM-AIM relationship; and (iv) there was no reliable
evidence of interaction effects among gender, grade, and ethnicity on the ATM-AIM
relationship. However, all of the causal stﬁdies in this meta-analysis specified a
unilateral relationship between ATM-AIM, disregarding the fact that a unilateral
relationship can not capture the interactive characteristics of ATM and AIM. So,
researchers suggested that to investigate the bilateral relationship between ATM and
AIM use advanced statistical techniques such as structural equation modelling.

Furthermore, Ma (1997) studied on the reciprocal relationship between ATM

and AIM by using structural equation modelling. He administered two mathematics
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achievement tests and one mathematics attitude scale to obtain data from high school
senior from Dominican Republic. There were 15 sections in attitude scale. Each
section included three items that measured how important, difficult, enjoyable
students felt about mathematical areas (arithmetic,algebra, geometry, trigonometry).
The model developed by Ma (1997) (see in Figure 2.2.4) structure contained
three blocks, beginning with father’s education level (FAED), mother’s education
level (MOED), and student’s sex (SEX), followed by student’s AIM measures of
algebra, geometry, or trigonometry indicated as important (IM), difficult (DI), and
enjoyable (EN) and ending with students’ AIM. Single arrows represented direct
causal effects; the arrows pointed from the cause to effect. Double arrows
represented general correlations between two variables, assuming no causal

implications.

Figure 2.2.4 The Structural Model of Reciprocal Relationship between ATM
and AIM Developed by Ma.
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To obtain model and to test the goodness of the model-data fit Linear
Structural Relations (LISREL) was used. Major findings of the study can be stated as
(1) A reciprocal relationship existed between every attitudinal measure and
mathematics achievement; (ii) The feeling of enjoyment, not the feeling of difficuity
directly affected mathematics achievement; (iii) The feeling of difficulty functioned
via the feeling of enjoyment to affect mathematics achievement; (iv) The perception
of mathematics as important was independent of other attitudinal measures.

Consequently, these findings suggested that reciprocal or interactive nature
between attitudes toward mathematics and achievement in mathematics could
substantially modify their causal relationship. In addition, it is likely that a student
who feels very positive about mathematics will achieve at a higher level than a
student who has a negative attitudes toward mathematics, It is also likely that a
higher achiever will enjoy mathematics more than a student who does poorly in

mathematics.

2.2.2 Relationships between Importance of Mathematics and that of ATM and AIM ;
relationships between Usefulness of mathematics and that of ATM and AIM

Over the years, numerous studies have been conducted to examine students’
beliefs and attitudes toward mathematics. In much of these research studies
assumption is that positive affect might lead to positive achievement behaviour.
While some psychologists emphasise the role of ability related self-perceptions in
motivating achievement behaviour, other attribute equal importance to subjective
task values in predicting behaviour. These subjective task values are defined in terms
of interest in and enjoyment of the task, percieved importance of being good at the
task, and percieved usefulness of the task.

In her study, Vanayan (1997) tried to describe beliefs and attitudes toward
mathematics among third-and fifth grade students. A total of 1344 (679 girls, 665
boys) grade three, and 1412 (745 girls, 667 boys) grade five students participated.
Students responded survey containing 22 items that addressed students’ attitudes and
perceptions regarding mathematics. Other information that was collected concerned
demographics, classroom practices, parental involvement, and activities at home, all
of which were of interest to educators at the school district. Student responses to

survey items were analysed with respect to gender and grade level by using ‘Chi-
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square tests. She found that no gender or grade differences when students were asked
whether they like mathematics. More boys than girls reported feeling competent in
mathematics. In addition no gender differences found in students’ perceptions
concerning relevance of mathematics. Also no gender or grade differences in
students’ beliefs regarding the process of learning mathematics were found.

Similarly, Khamis and Shothwel (1980) found that no significant gender
differences in the beliefs about mathematics itself, but the reason given by girl and
boy students for getting good and bad grades follow the generally excepted view that
boys attribute their good results to being good at mathematics as well as working
hard. In addition, there was a general tendency to see mathematics as mostly facts,
procedures that have to be memorised. In the study 1 149 boy, 990 girl totally 2129
secondary school students participated. Information was sought on students’ beliefs
concerning (a) their mathematical success or failure, (b) the nature of mathematics
learned, (c) the learning of mathematics in relation to other subject, (d) learning
geometry and (e) perceptions of parental expectations.

Furthermore, Jayne (1996) investigated high school students’ beliefs about
mathematics and science during a four week summer residential mathematics and
science progran. Beliefs about mathematics and scientific truths, the value and
importance of mathematics and science inquiry, gender equity and ability with
respect to pursuit of mathematics were examined. Twenty high school students in the
summer between their sophomore and junior years participated in a four week
residential program. Students completed a mathematics and science beliefs
instrument. Determining items upon which there was agreement, disagreement, and
mixed and uncertain responses tabulated results of beliefs inventory. She found that
students were all agree that mathematical and scientific inquiry were equally
accessible to either gender. And also they were all agree that knowledge of
mathematics and science profits all students and mathematics and science develops
good reasoning ability.

Mathematics, for a number of reasons, is sometimes viewed as an unpopular
subject, one that provokes strong negative responses among students. Carpenter and
Corbit (1980) studied on students’ perceptions of mathematics. Data had drawn from

the attitude exercises and other questions of about students’ perceptions of
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mathematics that were administered during the 1977-78 mathematics assessment.
These cxercises were divided into categories: mathematics in school, mathematics
and oneself, mathematics and society. Mathematics in school category contained
items that ascertained students’ feelings about (i) mathematics as a school subject in
relationship to other school subjects, (ii) particular items of mathematics content and
(iii) specific classroom activities. According to the results obtained on this portion of
the exercises they found that mathematics was liked by younger students and viewed
as easy by majority of them. In the mathematics and oneself category they found that
95 percent of students percieved their parents wanted them to do well in
mathematics. The exercises mathematics and society category assessed student’s
perceptions of the usefulness of mathematics to themselves as individuals and
broader concerns of society. They found for a large majority of students math was
not seen as more for boys than girls or vice-versa and math was important to get
good job.

Focus of the Corbit’s (1984) investigation was students’ liking mathematics
and how important they percieved the subject to be. The results reported by him deal
with students’ beliefs and feelings about mathematics as school subject, especially
when viewed in relationship to other school subjects. He found that subjects were
ranked in terms of decreasing importance, as follows: Mathematics, English, Social
Studies, Science and Physical Education. The opinion that mathematics was an
important subject to study in school was substained by results from the interview.
Ninety percent of interviews answered affirmatively to the question, “Do you know
any body who would say that math is his or her favourite subject?” (p.17). When
asked for explanations about why individuals might like the subjects, she found that
most explanations felt into two categories: (1) people liked mathematics if they were
good at it and (2) the mathematics teacher influenced whether or not mathematics
was liked.

Shortly, we can say that student clearly regard mathematics as a useful and
important discipline to study. Older students percieved a link between mathematics
and future employment or higher education. Various studies have revealed that
students regarded mathematics as being of equal or even greater importance

compared to other subjects such as English, Social Studies and Science (e.g.,
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Corbit,1984; Carpenter, 1980). Students recognised the every day usefulness of
mathematics, its importance to society and could relate mathematical topics to
everyday lives. Students who received higher scores on tests of mathematics

achievement viewed mathematics as more useful than the lower-achieving students

(Fennema & Sherman 1977 and 1978).

2.2.3 Relationship between Affective Variables and that of ATM and AIM

At elementary and junior-high levels, attitude toward mathematics and
achievement in mathematics are significantly related to a number of affective
variables indicative of good adjustment (Aiken,1972; Reyes, 1984). Some of the
affective variables related to mathematics attitude and achievement are confidence in

learning mathematics, success attribution, fear of failure in mathematics, and gender.

2.2.3.1 Confidence in Learning Mathematics

Confidence is one of the most important affective variables in education. Its
relationship with mathematics achievement and course election has been studied,
particularly in the context of understanding gender-related differences in
mathematics (Reyes, 1984). Confidence in learning mathematics was studied in the
National  Longitudinal ~ Study of Mathematical  Abilities (NLSMA)
(Crosswhite,1972). Crosswhite reported correlations between confidence and
mathematics achievement scores ranging from 0.19 to 0.37. Similary, Fennema and
Sherman (1977,1978) studied the relationship between confidence and mathematics
achievement for student in grades 6-12. They found positive correlations of
approximately 0.40 between mathematics achievement and confidence as measured
by the Fennema-Sherman Confidence Scale. Moreover, Marsh, Relich and Simith
(1983) demonstrated that mathematics achievement was most highly correlated with
mathematics self-concept (r=0.55), less correlated with self-concepts in other
academic areas (reading r=0.21) all school subject (r=0.43), and uncorrelated with
self-concepts in academic areas.

In the study of Mars, Parker and Barnes (1985), self-description questionnaire
(SDQ) IT was administered to 901 students (11 to 18 years old) in grades 7 through
12 who attended one public co-educational high school. All of the SDQ II scales

were significantly correlated with mathematics achievement, gender and age, though

37



the effects of gender and age were small and independent of each other. Mathematics
achievement was most highly correlated with math self-concept. They found
statistically significant gender differences in math-self concept in favour of boys.

However, Bulut (1988) didn’t find statistically significant relationship
between mathematics self-concept and mathematics achievement of mathematics
prospective teachers. In addition there was no statistically significant relationship
between math self-concept and gender.

2.2.3.2 Success Attribution in Mathematics

Mathematics education research concerning attribution deals with students’
perceptions of the causes of student success or failure on mathematics tasks (Weiner,
1974).

In the Third International Mathematics and Science Study (TIMSS) (1997)
success attribution mathernatics was taken as a latent variable and in the path model
it affected student’s attitudes toward mathematics. To measure success attribution
mathematics, students were asked about four manifest variables to what extent think
it is needed to do well in mathematics: a lot of talent, to have good luck, to undertake
lots of work, hard studying at home and to memorise the text books. They found that
the opinion of students of the importance of hard working to do well in mathematics
was positively correlated with attitudes.

Wolleat, Pedro, Becker and Fennema (1980) studied 647 girl and 577 boy
students in 10 midwestern high schools. They were administered both Mathématics
Attribution Scale (MAS) and standardised achievement test for algebra and
geometry. They found that boys attributed their success in mathematics to ability
more often than girls did did and girls attributed their success to effort more than
boys did. Also, girls more than boys attributed their failure in mathematics to lack of
ability and to the difficulty of the task. Multiple regression analyses were performed
to examine among gender, achievement and attribution. They found that in analyses
of the amount of variance on the MAS subscales accounted for gender, achievement
and gender x achievement, all of the regression coefficients were statistically
significant (p < 0.05). They concluded that girls were likely than boys to attribute

success to effort. High achiever girls made more effort attributions for success than
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low achiever girls. High achiever boys made fewer success attributions to effort than
their low achieving counterparts.

2.2.3.3 Mathematics Anxiety

Fear of failure or lack of confidence, as well as some contextual factors
inhibit understanding and enjoyment in mathematics (Byrd, 1982; Reyes, 1984). The
way in which students perceive mathematics and learning mathematics has important
impact on their success in the subject.

Many students faced with frustration, conflict and limitation to feel
competent in mathematics. One concept, which increasingly explains poor
mathematics performance, is that of mathematics-anxiety. After the recognition of
the term mathemophobia by sister May Fides in 1954, the topic of math anxiety
come into consideration in psychology and research. Psychologist usually link poor
mathematics achievement, discomfort with mathematics, negative attitudes toward
mathematics, avoidance of mathematics tasks with the construct of anxiety toward
mathematics.

Drager and Aiken (1957) surveyed the incidence of “number anxiety” in a
college population. They found that number anxiety and achievement in mathematics
was negatively correlated.

Although the disruptive effects of anxiety are usually emphasised, anxiety
may have either negative or a positive effect on performance depending on its
mtensity, the task and the individual (Aiken, 1970).

Alpert, Stellwagan and Becker (1963) constructed separate inventories of
facilitating anxiety and debilitating anxiety. Both inventories were significantly
correlated with achievement, but in opposite directions: facilitating anxiety was
positively correlated, and debilitating anxiety negatively correlated with achievement
in seventh grade mathematics.

Degnan (1967) compared the attitudes and general anxiety levels of 22 eight-
grade students designated as low achievers in mathematics. He found that the
achievers were generally more anxious than the underachievers, the achievers had
more positive attitudes toward mathematics. Also, when the students were asked to
list their major subjects in order of preference, the achievers gave mathematics a

significantly higher ranking than the underachievers.

39



Carpenter (1980) reported that 21 percent of the nine years olds they studied
claimed that doing mathematics makes them nervous.

Most of the researchers reported that a general agreement that levels of math-
anxiety negatively affected academic performance in mathematics. Aiken
(1970,1976), Fennema (1977), Fox (1977), and Betz (1978), have all pointed out
that mathematics anxiety contributes to mathematics avoidance and poor
mathematics performance has been particularly emphasised for girls. But in the
millieu of 70’s and 80’s with the changing role of girls in the society, mathematics
anxiety is slowly moving in the direction of becoming equal opportunity debility.

Holden (1987) studied on 7000 American students in years 9 to 11 and he

found that mathematics anxiety for females had declined over previous years.

2.2.4 Relationship between Gender, ATM and AIM

A factor, which could discourage girls from pushing the study of mathematics
as a career, is the general view held by society that mathematics is a male domain.
Relevant research on this topic has lead to conflicting results. Boys have been found
to perform better in some studies and girls in others (Kaczala, 1981, Gwizdala &
Steinback, 1988; Fennema & Carpenter, 1981; Hanna, 1986) . The research has
indicated that diffefences are minimal at the primary school level, and more evidence
was found that gender differences in mathematical performance begin to emerge at
the junior high level. The junior high school years are important to study because
gender-role identification becomes more prominent, and curicial educational choices
are made at this stage (Aiken, 1976, 1977).

Fennema and Carpenter (1981) found that on a notion wide basis, there was
slight difference between girls and boys in overall mathematics achievement at ages
9 and 13, at age 17. However, girls were not achieving at the same level in
mathematics, as were boys. Even when girls and boys enrolled in the same
mathematics courses boys’ performance was higher than that of girls and differences
were greatest on the more complex tasks.

Hilton and Berglund (1982) found that no sex difference; in mathematics
achievement at grade 5 level. Whereas, at subsequent grade levels (grades 7,9 and
11) boys had higher scores than girls and the differences between the genders

increased with age. Furthermore, the growing differences in mathematics
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achievement between the boys and girls affected the differences in interest. As boys’
interested in mathematics increased relative to the girls their achievement in
mathematics increased relative to that of girls.

The relationships among plans for electing mathematics courses causal
attributions and several attitudes that appear to be salient in influencing both girls
and boys to elect mathematics courses.

Pedro, Wolleat, Fennema and Becker (1984) studied on the identification of
important variables that related to the election of mathematics courses for each
gender enrolled in algebra and for each gender in geometry classes. Subjects of the
study were 633 girl, 572 boy students enrolled in nine high schools. Of the total set
of variables investigated in the study, they found that only a small subset of attitudes
and attributions helpful in explaining the variation in high school mathematics plans
when achievement controlled. Usefulness appeared to the variable having the
strongest relationship with the mathematics plans of both genders.

In her study Hanna (1986) was found that the mean percent of the correct
responses for two of the five topics (geometry and measurement) was slightly higher
for boys than for girls. These differences though not large, were statistically
significant at the 0.01 level. Also, all differences between boys and girls in omitted
responses were significant at the 0.01 level. The girls had much higher omission rates
on all topics. On the average, the omission ratio of boys to girls was 2:3. Three
thousand five hundred and twenty three eight grade students were participated in her
study.

Messer (1993) found that there were still significant gender differences in
many areas, such as: interest in mathematics, importance of high attainment in
mathematics, willingness to consider entering a career involving mathematics and
mathematical activities and themes from the real world which interest the pupils. 749
secondary school students aged 14-19 participated in the study.

On the other hand, Hall and Hoff (1988) did not found significant gender
differences or gender by grade level differences while investigating whether gender
differences began to emerge among grade two, four and six or not. Subjects were the

students at grade levels two, four and six.
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Moreover, Kavrell and Peterson (1984) analysed longitudinal data over early
adolescence to examine the nature of changes in gender role identity, attitudes
toward mathematics and achievement in the major courses. 149 young people
participated. They did not find any explanation of gender differences.

Ma (1995) found that no significant interaction effects between gender and
education system and no significant gender differences in algebra. There were two
populations in the study. A population A consisted of 13 years olds and population B
consisted of high school students. In each population there were 60 boys and 60 girls.

Additionally, gender differences in mathematics attitudes of secondary school
students, and differences in mathematics attitudes of girl students before and after the
merger were investigated in the study of Steinback and Gwizdala (1995). Total 697,
374 boy and 323 girl (173 of the girls took part in both years of the study)
participated in the study. The paired analysis of girl participants in both years of the
study showed that the inclusion of boys in the school, and the mathematics classroom
in particular, for the most part did not change girl students’ attitudes after only one
year. They found that their attitudes toward both mathematics and their own
performance in mathematics remained generally positive. They pointed out that both
the girls and the boys reported that the teacher considered the boys smarter and the
boys themselves perceive that boys are smarter.

Consequently, studies that have been carried out into gender differences in
mathematical performance and attitudes toward mathematics arrive at diverse
conclusions ranging from lack of gender differences to significant gender

differences.

2.2.5 Relationship between Teacher - ATM and Teacher - AIM

Although teachers’ knowledge of mathematics and how to teach it is
important, their beliefs about mathematics teaching and mathematics itself can have
equal impact on students.

Teacher’s attitudes and effectiveness in mathematics are viewed as being
prime determiners of students’ attitudes and performance (Aiken, 1972). Teachers’
beliefs about mathematics and attitudes toward mathematics do influence how they

teach mathematics (Braun, 1976; Fennema and Peterson, 1989).
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Garner (1963) administered an inventory concerning attitudes toward algebra
to 45 first —year algebra teachers and their 1163 pupils in Texas school system at the
beginning and end of the school year. He found statistically significant relationships
between (i) teacher’s background in mathematics and students’ achievement in
algebra; (ii) teacher’s attitudes toward algebra and students’ attitudes; (iii) teacher’s
and students’ judgements concerning the practical value of algebra.

Torrance (1966) studied 127 sixth-through twelfth grade mathematics
teachers who participated in an experimental program to evaluate SIMS 6
instructional materials. He found that teacher effectiveness had a positive effect on
student attitudes toward teachers, methods, and overall school climate.

Fennema, Peterson, Carpenter and Lubinski (1990) gathered information
about teachers’ attributions and beliefs in relation to gender and mathematics. The
subjects for the study were 38 first grade female teachers in 24 schools in the U.S.
These 38 teachers thought 368 first grade boys and 314 first grade girls. T-test was
used to analyse data. They found that there were gender differences in mathematics
achievement in these grade 1 students. Teachers’ choices of most and least successtul
students were compared to mathematics test scores of their students. Teachers were
most inaccurate when selecting most successes and failures to ability and girls’
successes and failures to effort. Teachers’ attributions and beliefs about first grade
boys and girls in mathematics were different.

Karp (1991) investigated the relationship of the teaching behaviours and
instructional methods of elementary school teachers to the teachers’ attitudes toward
mathematics. Sample consisted two classrooms from both the fourth and sixth
grades, totally 33 teachers included. He found that the daily experiences of students
in mathematics classes of teachers with positive attitudes were substantially different
from those of students in classrooms of teachers with negative attitudes. Teachers
with negative attitudes toward mathematics teaching methods used that fostered
dependency whereas teachers with positive attitudes were found to encourage student
initiative and independence. '

Austin and Wodlington (1992) investigated the effects of mathematics beliefs
on mathematics anxiety and mathematics self-concept of college students. Fifty pre-

service and 15 in-service teachers participated in the study. All subjects were given
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that Mathematics Anxiety Rating Scale (MARS), The Kulm Mathematics Self-
Concept Test, and Mathematics Belief Survey Instrument (MBSI). Subjects were
divided into groups based on whether they agreed or disagreed on each of the 13
MBSI stems. By the use of an analysis of variance they found that mathematics
beliefs had no significant effect on mathematics anxiety and a significant effect on
mathematics self-concept.

Cater and Norwood (1997) studied on the relationship between teacher
beliefs about learning and teaching of mathematics and their respective students’
beliefs about mathematics. 7 teachers and 157 students who were thought by them
participated in the study. To analyse data means and standard deviations were
calculated. They found that what the teachers did in the classroom influenced his/her
beliefs about mathematics. In other words, What teachers believed about
mathematics and teaching of mathematics influenced what they did in the classroom
and that their belief might be translated into students’ beliefs.

While the form and intensity of the influence of beliefs varied by individual,
it could be concluded that teachers’ beliefs shape the way in which they teach
mathematics. How children perceive mathematics will be based on what they do in
the classroom. Students’ beliefs about learning and beliefs about the nature of the
subject matter affect their learning.

2.2.6 Relationship between Mother— ATM, Father — ATM and Mother — AIM and
Father—-AIM

Since a child’s first experience with arithmetic usually occur in connection
with his parents, one might expect that parents’ attitudes and abilities in mathematics
would affect those of their children. The influence of the parents is demonstrated by
the fact that pupils’ attitudes and achievement in mathematics are positively related
to the attitudes of their parents (Aiken, 1972).

According to Proffenberger and Norta (195‘9), parents affect the child’s
attitude and performance in three ways: (1) by parental expectations of child’s
achievement; (2) by parental encouragement; and (3) by parents’ own attitudes
toward mathematics.

Alper (1963) developed a parental interview and questionnaire to determine

the extent to which parental attitudes and values were consistent with those of the
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School Mathematics Study Group, and how much they affected the attitudes of their
seventh grade children toward mathematics. He found that students’ attitudes, for
both boys and girls were positively correlated with the amount of mathematics
education desired by parents for their children.

Hill (1967) interviewed the father and mother of 35 upper-middle class boys
and administered a questionnaire concerned with attitudes toward mathematics to
their sons. He found that a greater similarity between the attitudes of mothers and
sons was related to maternal warmth, use of psychological control techniques, low
parental participation in child rearing. Parental attitudes and expectations for their
sons were not significantly related, but sons did show greater accordance with the
expectations of their fathers than with those of mothers. The variables of father
warmth and degree of participation in child rearing were positively related to the
degree of son’s accordance with father’s expectations. Fathers who had greater
expectations of masculine behaviour on the part of their sons and who viewed
mathematics as masculine subject had higher level of aspiration in mathematics for
their sons.

In his study Hattie (1984) investigated the relationships between home
environment (father education level, mother education level and their expectations
from child about their mathematics achievement), self-concept, and academic
achievement. The study was carried out in Korea. The sample consisted of students
ranging in age between 14 and 15 years old corresponding to the first grade of high
school. Sample size was 2297. He found that self-concept was mediating variable
between home environment and academic achievement. The results did not support
the commonly held view that home environment exerts direct effects on academic
achievement.

Wang, Wildman, Calhaun (1996) investigated the relationships between
parental influence and student achievement through analyses of the Longitudinal
Study of American Youth (LSAY) database. Information was collected from 3000
seventh grade students. Multiple regression correlation was used to analyse data.
They found that not all-parental variables investigated in LSAY had significant
relations with students’ mathematics achievement at seventh grade. Significant

parental variables were father education level, mother education level, parents:
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expect college degree, parents: by me math and science game books, parents:
confident in my ability, parents: help me with my homework, parents: reward good
grades, parents: expect me do well in science, parents: informed about political and

social issues, parents: vote in most elections, parents: read a lot books.

2.2.7 Summary of the findings of Previous Studies

1. Research literature has failed to provide consistent finding
between ATM and AIM. While some studies demonstrated that
the ATM and AIM correlation is quite low ranging from zero to
0.25 in absolute value (Abrego, 1966; Wolf and Blixt, 1981). The
others concluded that the strong relationship between ATM — AIM
with correlations above 0.40 (Aiken, 1971 & 1976; Kloosteman,
1981; Randhava & Beamer, 1982; Minato & Yenase, 1984 ).

2. There is a reciprocal relationship between ATM — AIM (Revicki,
1982; Feather, 1988; Ma & Kishor, 1997; Ma, 1997).

3. Students regard mathematics as a useful and important discipline
to study (Khamis & Shotwell; 77?7; Carpenter & Corbit, 1980;
Corbit, 1984; Jayne, 1990; Vanayan, 1997).

4. Research studies about confidence in learning mathematics
indicates the importance of this affective variable in relation to
students’ achievement in mathematics (Crosswhite, 1972;
Fennema & Sherman, 1977 & 1978; Marsh, Relich & Simith,
1983; Marsh, Parker & Bames, 1985).

5. Students’ success attribution is another important affective
variable that affects achievement in mathematics (Wolleat, Pedro,
Becker, and Fennama, 1980; Reyes,1984; TIMSS, 1997).

6. There is a negative correlation between anxiety in mathematics
and achievement in mathematics (Drager & Aiken, 1957; Alpert,
Stellwagen & Becker, 1963; Degnan, 1967; Carpenter, 1980;
Holden, 1987;).

7. The results from the literature on gender differences in attitudes
toward mathematics and achievement in mathematics are not

clear. Some studies have reported that boys display more
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favourable attitudes toward mathematics than girls do (Kaczala,
1981; Gwizdala & Steinback, 1988; Fennema & Carpenter, 1981;
Hanna, 1986; Messer, 1993; Ma, 1995). Other studies, however,
reported more positive attitudes to mathematics from girls
(Dungan & Thurlow, 1989). Moreover, other investigations have
reported no significant differences between boys’ and girls’
attitudes toward mathematics (Aiken, 1976; Hilton & Berglund,
1982; Kavrell & Peterson, 1984; Hall & Hoff, 1988).

8. Teachers’ beliefs about mathematics, expectations, attitudes
toward mathematics are important for how they interact with and
teach their children. Then, these attitudes can be seen as an
influence on the development of the students’ attitudes toward
mathematics'(Gamer, 1963; Torrance, 1966; Fennema, Peterson,
Carpenter & Lubinski, 1990; Karp, 1991; Austin & Wodlington,
1992; Carter & Norwood, 1997).

9. Variability in student math achievement can be explained by the
significant parental variables: mother education level, father
education level, mother’s expectation from child about learning
mathematics, father’s expectation from child about learning
mathematics (Proffenberger & Norta, 1959; Alper, 1963; Hill,
1967, Hattie, 1984; Wang, Wildman & Callahun, 1996).

These summary results suggests that there is a need for research to investigate
reciprocal relationship between attitudes toward mathematics and achievement in
mathematics by including percieved father and mother characteristics related. to
students, father and mother education levels, percieved teacher characteristics related
to students and percieved teacher characteristics related to profession, success
attribution in mathematics, mathematics anxiety, confidence in learning mathematics,
mathematics as a male domain, importance of mathematics, usefulness of

mathematics and enjoy with mathematics variables.
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CHAPTER 3

METHOD OF THE STUDY

This chapter includes explanation of problem and hypotheses of the present
study, research design, subjects of the study, definition of the terms, variables,
measuring instruments, tools for data analysis and explanation of internal and

‘external validity.

3.1 Problem of the Present Study and Associated Hypotheses

The problems of the present study are the following:
1. What structural model best describes the reciprocal relationship between
Attitudes toward Mathematics (ATM) and Achievement in Mathematics (AIM)?
2. What role does each selected variables play in the model with respect to the
reciprocal relationship between ATM and AIM?
Following hypotheses are stated in order to test the problems:
There is a reciprocal relationship between ATM and AIM.
There is a significant effect of father quality on ATM
There is a significant effect of father quality on AIM
There is a significant effect of mother quality on ATM
There is a significant effect of mother quality onAIM
There is a significant effect of teacher quality on ATM

I N

There is a significant effect of teacher quality on AIM.
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They were tested at the level of significance o = 0.01
On the basis of theoretical background and literature review following
model was hypothesized. All paths in the model were driven from the

literature review——— and the theoretical assumptions.
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3.2 Research Design

In the present study correlational research design are used to describe the

relationship between attitudes toward mathematics and achievement in mathematics.

3.3 Subjects of the Study

The subjects of the study consisted of 951 nineth grade students in private,
academic and Anatolian Lyceé in Ankara-Turkey. Convenient sampling was used.
The study carried out during the 1999-2000 academic year. The distribution of the

subjects is given in Table3.3.1

Table 3.3.1 Distribution of Subjects of the Present Study

School Gender TOTAL
Girl Boy

Gazi Anatolian Lyceé 180 221 401
Mehmet Emin Resiilzade 78 111 189
Lyceé (MERAL)

Tiirk Egitim Vakfi 74 117 191
Ankara College (TED)

Kiligaslan Lyceé 53 39 92
Nigbolu Lyceé 35 43 78
TOTAL 420 531 951
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3.4 Definition of the Terms

The definitions of the terms used in this study are given below to clarify and

avoid possible semantic difficulties.

1.

10.

Structural equation model refers to statistical technique that specifies
certain relationships among the latent variables depicted lines or arrows.
Latent variables refer to variables that are not directly observable or
measured; they must be observed or measured indirectly, hence, inferred.
For example, intelligence is latent variable. Intelligence can be indirectly
measured through observed or indicator variables.

Latent dependent variable refers to any latent variable that is influenced
by some other latent variable in the model.

Latent independent variable refers to any variable that is not influenced
by any other variable in the model.

Observed or indicator variables refer to variables that are directly
observable or measured. |

A« , Ay refers to coefficients between latent variables and observed
variables. They provide us with information about the extent to which a
given observed variable is able to measure the latent variable. They serve
as a validity coefficient.

Measurement error refers to portion of an observed variable that is
measuring something other than what the observed variable is
hypothesized to measure. It serves as a measure of relaibility.

y refers to coefficients that indicate the strength (weak or strong) and
direction (positive or negative) of the relationship among the latent
dependent and latent independent variables.

B refers to coefficients that indicate the strength (weak or strong) and
direction (positive or negative) of the relationship among the latent
dependent and latent dependent variables.

Attitudes toward mathematics (ATM) refers to an aggregated measure
of a liking or disliking of mathematics, a tendency of engage in or avoid

mathematical activities, a perception about usefuness and importance of
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11.

12.

15.

17.

18.

19.

mathematics, feeling of anxiety, and perception of mathematics as a bor
or girl domain.

Affective variables refer to students’ feelings about mathematics, aspects
of the classroom, or about themselves as learners of mathematics (Reyes,
1984).

Usefulness of mathematics (use) refers to students’ beliefs about the
usefulness of mathematics currently and in relationship to their future

education, vocation or other activities .

. Importance of mathematics (imp) refers to students’ beliefs about the

importance of mathematics in relationship to their life .

. Effectance motivation (efmo) refers to students’ involvement in

mathematics, active enjoyment of seeking of challenge, interest or
enjoyment of mathematics .

Confidence in learning mathematics (conf) reefers to students’ beliefs
about their ability to learn and perform well on mathematical tasks. The

dimensions range from distinct lack of confidence to definite confidence.

. Success attribution in mathematics (success) refers to students’

anticipation about positive or negative consequences as a result of success
in mathematics .

Mathematics anxiety (anx) refers to feelings of anxiety, dread,
nervousness, and associated bodily symptoms related to doing
mathematics. The dimensions range from feeling at ease to those distinct
anxieties.

Math as a male domain (maledo) refers to students’ perceptions about
mathematics as a boy, or girl domain. The dimensions were the relative
ability of the genders to perform in math, the masculinity/femininity of
those who achieve well in mathematics and the appropriateness of this
line of study for boys and girls.

Percieved teacher characteristics related to students (PTeChSt) refers
to students’ perceptions of their teachers’ attitude toward them as learners
of mathematics. It includes teachers’ interest, encouragement and

confidence in the students’ ability .
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20.

21.

22.

23.

24,

25.

26.

Percieved teacher characteristics related to profession (PTeChTp)
refers to students’ perceptions of their teacher’s teaching profession.
Teacher quality refers to students’” perceptions of their teachers’
attitudes toward them as learners of mathematics and toward teaching of
mathematics. It includes teacher’s interest, encouragement and confidence
in the students’ ability.

Percieved father caharacteristics related to students (PFaChSt)
refers to students’ perception of their father’s attitudes toward them as
learners of mathematics. It also includes father interest, encouragement,
and confidence in the student’s ability.

Father quality refers to refers to students’ perception of their father’s
attitudes toward them as learners of mathematics. It also includes father
interest, encouragement, confidence in the student’s ability, and father
education level.

Percieved mother characteristics related to students (PMoChSt)
refers to studeats’ perception of their mother’s attitudes toward them as
learners of mathematics. It also includes mother interest, encouragement,
and confidence in the student’s ability.

Mother quality refers to students’ perception of their mother’s attitudes
toward them as learners of mathematics. It also includes mother interest,
encouragement, confidence in the student’s ability, and mother education
level.

Achievement in mathematics (AIM) refers to student’s’ performance
on mathematics achievement test which is developed by the researcher. It
also includes students’ perceptions of mathematics as a boy or girl

domain.
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3.5 Variables

In' the present study variables are categorised as latent independent, latent

dependent and observed. Distribution of the variables is given in Table 3.2.

Table 3.5.1 Distribution of the Variables of the Present Study

Latent

Variables

Dependent

Independent

Corresponding

Observed Variables

[LATM

1.1 Effectance Motivation (efmo)

1.2 Usefulness of Math (use)

1.3 Importance of Math (imp)

1.4 Confidence in Learning Mathematics

(conf)

1.5 Success Aftribution in Mathematics

(success).

1.6 Mathematics Anxiety (anx)

1.7 Mathematics as a Male Domain

(maledo)

2.AIM

2.1 Mathematics Achievement Test Scores

(MathATS)

2.2 Mathematics as a Male Domain

(maledo)

3. Teacher Quality

3.1 Percieved Teacher Characteristics

Related to Students (PteChST)

3.2 Percieved Teacher Characteristics

Related to Profession (PteChTp)

4. Father Quality

4.1 Percieved Father Characteristics Related
to Students (PfaChSt)

4.2 Father Education Level (fathedl)

5. Mother Quality

5.1 Percieved Mother Characteristics

related to Stuedents (PmoChSt)

5.2 Mother Education Level (mothedl)
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3.6 Measuring Instruments

In the study following measuring instruments were used
1. Mathematics Achievement Test (MAT)

Father Scale

Mother Scale

Teacher Scalel

vos W

Teacher Scale [I

6. Confidence in Learning Mathematics Scale

7. Attitude toward Success in Mathematics Scale
8. Mathematics as a Male Domain Scale

9. Usefulness of Mathematics Scale

10. Mathematics Anxiety Scale

11. Effectance Motivation Scale

[2. Mathematics Importance Scale

The development process of each measuring instrument is explained below.

3.6.1 Mathematics Achievement Test (MAT)

This test was developed by the researcher to determine whether or not
students acquired basic mathematical skills that have to be in ninth grade (see
Appendix A). Content of the test was determined according to the Ministry of
National Education’s elementary school mathematics curriculum (MEB, 1990).

Objectives were written in the comprehension and application levels as
defined by Bloom’s Taxonomy. In addition table of specifications was prepared (see
Appendix B). Twenty-five items were written according to the table of specification.

Pilot study of MAT was conducted in Tiirk Egitim Dernegi (TED) Ankara
College, Gazi Anatolian Lyceé, Mehmet Emin Resiilzade Anatolian Lyceé
(MERAL), Kiligaslan Lyceé, Nigbolu Lyceé. in 1999-2000 academic year. 353 ninth
grade students were involved in the study.

Before adminestration of the MAT, mathematics education expert and the
mathematics teacher checked the content validity of MAT. The administration of the
test was held in one class hour. An item analysis of these data was accomplished by

using the ITEMAN program. The ITEMAN program indicated item discrimination

56



power as biserial coefficient and item difficulty power as the percentage of the
correct responses to each item. The criterion was that item discrimination power
should be greater than or equal to 0.2. The criterion for item difficulty power was
that the coefficient should be between 0.2 and 0.8. According to these criterions, the
item discrimination powers and item difficulty powers of each item were analysed.
Five items were eliminated from MAT because their discrimination powers and item
difficulty powers were near to 0.2. After these steps, the mathematics education
expert and the mathematics teacher checked the content validity of MAT. The alpha
reliability coefficient of the MAT with 20-items was found as 0.81 by using the
Statistical Packages for Social Sciences (SPSS). The total score of MAT was out of
20.

3.6.2 Scales

Eleven scales were formed by adaptation of Fennema-Sherman Attitude scale
(1986) and TIMSS Attitude Scale (1999). They were used to measure observed
variables of the latent variables: attitudes toward mathematics, teacher, father and
mother quality. Each item was translated back into Turkish by the researchers and
expert in Foreign Language Education. And then the scales were translated back into
English by the researcher, and original scales compaired with the adapted scales.
After that scales were administered in TED Ankara College, Gazi Anatolian Lyceé,
MERAL, Kiligaslan Lyceé and Nigbolu Lyceé in 1999-2000 academic year. 353
ninth grade students were involved in the pilot study.

Data were analysed by using SPSS. There were 124 items. They were scaled
on a five-point Likert Type Scale: Strongly Agree, Agree Undecided, Disagree, and
Strongly Disagree. The positively worded items were scored from Strongly Agree as
5, to Strongly Disagree as 1, and negatively worded items were reversed to positive
direction for scoring purposes.

To test the construct validity of each scale and to determine whether or not
they have subdimensions factor analysis was done. The alpha reliability coefficients
for each scale calculated with the SPSS package program. For each scale following

results were obtained.
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3.6.2.1 Father Scale

Father scale was adapted from Fennema- Sherman Attitude
Scale (1986) to measure students’ perception of their father’s attitudes toward them
as learners of mathematics. It includes students’ perception of father interest,
encouragement, and confidence in the student’s ability. There were 11 items in the
scale, 6 of them positively stated and S of them negatively stated. For example, one
of the item is “My father has always been interested in my progress in mathematics”

According to the initial principal factor solution with iterations, the eigen-
values of 11 items were 4.95, 1.45, 1.10, 0.83, 0.64, 0.51, 0.45, 0.34, 0.33, 0.26, and

0.19. The factor loadings of them were given in Table 3.6.1

Table 3.6.1 Factor Loadings of Father Scale

Componant

1

,789
787
.704
,689
.688
.680
677
672
664
,658
,133

o

~N O O s 02O WwN
-—

After varimax rotation their eigen-values remained the same, positively stated
items came together under the factor 2, negatively stated items came together under
the factor 1, which indicates that Father Scale has no subdimensions. Its alpha
reliability coefficient is 0.85.

The same analyses were carried out with the data collected from 951 subjects.

The similar results were obtained like in the pilot study.
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3.6.2.2 Mother Scale

Mother scale was adapted from Fennema- Sherman Attitude
Scale (1986) to measure students’ perception of their mother’s attitudes toward them
as learners of mathematics. It includes students’ perception of mother interest,
encouragement, and confidence in the student’s ability. There were 11 items in the
scale, 6 of them positively stated and 5 of them negatively stated. For example one
of the item is “My mother wouldn’t encourage me to plan a career which includes

mathematics”.
According to the initial principal factor solution with iterations, the eigen-

values of 11 items were 4.04, 1.43, 1.07, 0.93, 0.85, 0.66, 0.58, 0.50, 0.42, 0.33, and
0.21. The factor loadings of them were in Table 3.6.2

Table 3.6.2 Factor Loadings of Mother Scale

Component

1
721

, 714
,708
,670
,647
622
614
,559
435
315
487

O N~ U= 2 NWw oo N
- o

After varimax rotation their eigen-values remained the same, positively stated
items came together under the factor 2, negatively stated items came together under
the factor 1, which indicates that Mother Scale has no subdimensions. Its alpha
reliability coefficient is 0.32.

The same analyses were carried out with the data collected from 951 subjects.

The similar results were obtained.
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3.6.2.3 Teacher Scale I

Teacher Scale I was adapted from Fennema- Sherman Attitude
Scale (1986) to measure students’ perception of their teacher’s attitudes toward them
as learners of mathematics. It includes students’ perception of teacher interest,
encouragement, and confidence in the student’s ability. There were 12 items in the
scale, 6 of them positively stated and 6 of them negatively stated. For example, one
of the item is “Mathematics teachers think I’'m the kind of person who could do well
in mathematics”.

According to the initial principal factor solution with iterations, the eigen-
values of 12 items were 4.26, 1.97, 0.86, 0.79, 0.76, 0.68, 0.63, 0.53, 0.48, 0.39, 0.36,
and 0.28. The factor loadings of them were in Table 3.6.3

Table 3.6.3 Factor Loadings of Teacher Scale I

Component
1

743
716
15
AN
604
,602
580
561
1 540
461
438
,327

N O

N W 222 NDDNOTW

After varimax rotation their eigen-values remained the same, positively stated
items came together under the factor 1, negatively stated items came together under
the factor 2, which indicates that Teacher Scale I has no subdimensions. Its alpha
reliability coefficient is 0.79.

The same analyses were carried out with the data collected from 951 subjects.

The similar results were obtained like in the pilot study.
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3.6.2.4 Teacher Scale II
Teacher Scale II was adapted from TIMSS (1999) to measure students’

perception of teacher’s teaching profession. There were 7 items in the scale, 5 of
them positively stated and 2 of them negatively stated. For example, one of the item
is “My mathematics teachers like mathematics”.

According to the initial principal factor solution with iterations, the eigen-

values of 7 items were 3.01, 0.98, 0.87, 0.74, 0.55, 0.50, and 0.36. The factor

loadings of them were in Table 3.6.4

Table 3.6.4 Factor Loadings of Teacher Scale II

Component

1
,829

751
697
574
572
,558
,550

- OO NN DO w

After varimax rotation their eigen-values remained the same, all items came
together under the first factor, which indicates that Teacher Scale II has no
subdimensions. Its alpha reliability coefficient is 0.79.

The same analyses were carried out with the data collected from 951 subjects.

The similar results were obtained like in the pilot study.

3.6.2.5. Confidence in Learning Mathematics Scale

Confidence in Learning Mathematics Scale was adapted from Fennema-
Sherman Attitude Scale (1986) to measure confidence in one’s ability to learn and
perform well on mathematical tasks. There were 12 items in the scale, 6 of them
positively stated and 6 of them negatively stated. For example, one of the item is “I

am sure that I can learn mathematics”.
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According to the initial principal factor solution with iterations, the eigen-
values of 12 items were 6.75, 1.10, 0.79, 0.66, 0.49, 0.44, 0.39, 0.35, 0.30, 0.28, 0.23,

and 0.21. The factor loadings of them were given in Table 3.6.5

Table 3.6.5 Factor Loadings of Confidence in Learning Mathematics Scale

Component Matrix

Component
1
6 ,803
7 792
11 792
9 ,781
1 775
12 758
2 (47
4 145
5 730
3 .704
8 ,698
10 666

After varimax rotation their eigen-values remained the same, negatively
stated items came together under the first factor and positively stated items came
together under the second factor which indicates that Confidence in Learning
mathematics Scale has no subdimensions. Its alpha reliability coefficient is 0.93.

The same analyses were carried out with the data collected from 951 subjects.

The similar results were obtained like in the pilot study.

3.6.2.6 Attitude Toward Success in Mathematics Scale

Attitude toward Success in Mathematics Scale was adapted from
Fennema- Sherman Attitude Scale (1986) to measure the degree to which students
anticipate positive or negative consequences as a result of success in mathematics.
There were 12 items in the scale, 6 of them positively stated and 6 of them negatively
stated. For eaxmple, one of the item is “Being regarded as smart in mathematics

would be a great thing”.
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According to the initial principal factor solution with iterations, the eigen-
values of 12 items were 4.99, 2.56, 1.05, 0.73, 0.65, 0.57, 0.44, 0.40, 0.33, 0.27, 0.19,

and 0.14. The factor loadings of them were given in Table 3.6.6

e

Table 3.6.6. Factor Loadings of Attitude toward Success in Mathematics Scale

Component
1 2
3 .830
2 826
6 ,816
1 ,803
5 787
4 ,785
11 444
9 ,668
10 ,661
12 ,605
8 ,309
7 481

After varimax rotation their eigen-values remained the same, positively stated
items came together under the first factor and negatively stated items came together
under the second factor which indicates that Success Attribution in Learning
Mathematics Scale has no subdimensions. Its alpha reliability coefficient is 0.83.

The same analyses were carried out with the data collected from 951 subjects.

The similar results were obtained like in the pilot study.

3.6.2.7 Mathematics as a Male Domain Scale

Mathematics as a Male Domain Scale was adapted from Fennema- Sherman
Attitude Scale (1986) to measure students’ perceptions about mathematics as a boy
or girl domain. There were 12 items in the scale, 6 of them positively stated and 6 of
them negatively stated. For example, one of the item is “It’s hard to believe a female

could be a genius in mathematics™.
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According to the initial principal factor solution with iterations, the eigen-
values of 12 items were 5.81, 1.27, 0.89, 0.74, 0.64, 0.54, 0.51, 0.43, 0.40, 0.35, 0.25,

and 0.19. The factor loadings of them were given in Table 3.6.7

Table 3.6.7 Factor Loadings of Mathematics as a Male Domain Scale

Component Matrix

Component
1
,801

.800
785
.783
,746
,728
0 J15
674
647
,631
590
,289

o = O = N N A w
-

_ O -
N

w

After varimax rotation their eigen-values remained the same, negatively
stated items came together under the first factor and positively stated items came
together under the second factor which indicates that Math as a Male Domain Scale
has no subdimensions. Its alpha reliability coefficient is 0.89.

The same analyses were carried out with the data collected from 951 subjects.

The similar results were obtained like in the pilot study.

3.6.2.8 Usefulness of Mathematics Scale

Usefulness of Mathematics Scale was adapted from Fennema- Sherman
Attitude Scale (1986) to measure students’ beliefs about the usefulness of
mathematics currently and in relationship to their future education and vocation.
There were 12 items in the scale, 6 of therﬁ positively stated and 6 of them negatively

stated. For example, one of the item is “I will need mathematics for my future work”.
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According to the initial principal factor solution with iterations, the eigen-
values of 12 items were 6.52, 1.37, 0.66, 0.55, 0.52, 0.45, 0.42, 0.38, 0.36, 0.30, 0.27,

and 0.23. The factor loadings of them were given in Table 3.6.8

Table 3.6.8 Factor Loadings of Usefulness of Mathematics Scale

Component
1
797
768
,758
752
738
127
727
724
719
J17
715
695

—_

After varimax rotation their eigen-values remained the same, negatively
stated items came together under the first factor and positively stated items came
together under the second factor which indicates that Usefulness of Mathematics
Scale has no subdimensions. Its alpha reliability coefficient is 0.92.

The same analyses were carried out with the data collected from 951subjects.

The similar results were obtained like in the pilot study.

3.6.2.9 Mathematics Anxiety Scale

Mathematics Anxiety Scale was adapted from Fennema- Sherman Attitude
Scale (1986) to measure feelings of anxiety, dread, nervousness and associated
bodily symptoms related to doing mathematics. There were 12 items in the scale, 6
of them positively stated and 6 of them negatively stated. For example, one of the

item is “Mathematics usually makes me feel uncomfortable, and nervous”.
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According to the initial principal factor solution with iterations, the eigen-
values of 12 items were 5.97, 1.68, 1.01, 0.66, 0.56, 0.48, 0.40, 0.34, 0.33, 0.22, 0.19,

and 0.18. Its factor loadings of them were given in Table 3.6.9

Table 3.6.9 Factor Loadings of Mathematics Anxiety Scale

Component

1
3 .793

1 776
11 758
12 ,750
735
725
713
691
,666
657
,654
494

N O =200 O N
o

After varimax roration their eigen-values remained the same, negatively
stated items came together under the first factor and positively stated items came
together under the second factor which indicates that Mathematics Anxiety Scale has
no subdimensions. Its alpha reliability coefficient is 0.91.

The same analyses were carried out with the data collected from 951 subjects.

The similar results were obtained like in the pilot study.

3.6.2.10 Effectance Motivation Scale

Mathematics Anxiety Scale was adapted from Fennema- Sherman Attitude
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Scale (1986) to measure interest or enjoyment of mathematics. There were 12 items
in the scale, 6 of them positively stated and 6 of them negatively stated. For example,
one of the item is “Mathermatics is enjoyable and stimulating to me”.

According to the initial principal factor solution with iterations, the eigen-
values of 12 items were 5.48, 1.31, 0.98, 0.83, 0.66, 0.59, 0.47, 0.44, 0.40, 0.33, 0.31,

and 0.21. Its factor loadings of them were given in table 3.6.10

Table 3.6.10 Factor Loadings of the Effectance Motivation Scale

Component
1
2 790
9 ,789
1 ,761
7 744
4 742
8 686
3 679
11 ,650
10 650
5 640
12 ,565
6 202

After varimax rotation their eigen-values remained the same, positively stated
items came together under the first factor and negatively stated items came together
under the second factor which indicates that Effectance Motivation Scale has no
subdimensions. Its alpha reliability coefficient is 0.81.

The same analyses were carried out with the data collected from 951 subjects.

The similar results were obtained like in the pilot study.
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3.6.2.11 Importance of Mathematics Scale

Importance of Mathematics Scale was adapted from TIMSS (1999) to
measure students’ beliefs about importance of mathematics in relationship to their
life. There were 5 items in the scale, 5 of them positively stated. For example, one of
the item is “Mathematics is important to everyone’s life”.

According to the initial principal factor solution with iterations, the eigen-
values of 5 items were 2.53, 0.85, 0.67, 0.58, and 0.36. The factor loadings of them

were given in Table 3.6.11

Table 3.6.11 Factor Loadings of Importance of Mathematics Scale

Component

1
.809

,766
712
710
,528

N A 2 WO

After varimax rotation their eigen-values remained the same, all items came
together under the first factor, this indicates that Importance of Mathematics Scale

has no subdimensions. Its alpha reliability coefficient Scale is 0.69.

The same analyses were carried out with the data collected from 951 subjects.

The similar results were obtained like in the pilot study.
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3.7 Data Analysis

All hypotheses of the present study were analysed by utilising statistical
technique called Structural Equation Modelling. For this purpose Linear Structural
Relations (LISREL)-8.30 statistics package program was used.

Methodologically, multiple regression seeks to identify and estimate the
amount of covariance in the dependent variable attributed to one or more
independent variables. Path analysis seeks to identify subsets of variables with
common shared variance from a much large set, or to confirm measurement model
where variables are hypothesised to define a construct.

Structural equation modelling builds on these methods by incorporating a
confirmatory factor analysis approach into the theoretical relationships among the
latent variables (Ma & Kishor, 1997).

Regression analysis has been used as a legitimate approach to providing
unbiased prediction of the dependent variable. It is an advantage in that the estimated
regression coefficients generate unbiased predictions based on the given values of the
predictors. However, it is also a disadvantage in that researchers have difficulty
deciding “whether the predictors are intact causally prior to, causally unrelated to, or
causally determined by the dependent variable.” Statistical techniques such as
structural equation modelling take this problem into account and enable researchers
to make inference about causal relationships (Schiebeci & Riley, 1986).

[n a structural equation model, unknown parameters are estimated so that
variances and covariances of the variables in the model. Model parameters can not be
estimated without a computer program because no algebraic solution is available.
Rather, the researcher provides initial estimates (“starting values™) which are refined
through interactive procedures, least squares (two stage least square, unweighted
least square, and weighted least square) and maximum likelihood (Schiebeci &
Riley, 1986).

The least squares and maximum likelihood methods are used to estimate the
parameters in the computer program LISREL (Joreskog & Sorbom, 1978). The
model underlying this program can be used to estimate a variety of causal models,
including those containing errors in latent variables (errors of measurement), and

errors in equations (residuals).
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The LISREL model thus enables the researcher to analyse causal networks
with latent variables and measurement errors. It assumes that there is a causal
structure among a set of latent variables and set of observed variables are
manifestations of these latent variables or “hypothetical constructs.” The LISREL
model is described by the specification of structural relationships among the latent
variables (the structural equation model) and the specification of the relationships
among the latent and observed variables (the measurement model) (Joreskog &
Sorbom, 1978).

In conclusion, structural equation models helps to establish the relationship
between latent variables or constructs given a theoretical perspective. The structural
equation modelling approach involves developing measurement models to define
latent variables and then establishing relationships or structural equations among the
latent variables (Schumaker & Lomax, 1996)

The five steps that characterise most structural equation modelling
application were listed in Bollean and Long (1993):

1) Model specification

2) Identification

3) Estimation

4) Testing fit

5) Respecification

The first step, model specification, refers to the initial theoretical model the
researcher formulates. This model hypothesised on the basis of a review of the
literature 1n mathematics education and on the basis of theories. The second step,
identification is to ask whether unique values can be found for the parameters to be
estimated in the theoretical model. The third step, estimation, requires knowledge of
the various estimation techniques that are used depending on the variable scale
and/or distributional property of the variables used in the model. The fourth step,
testing fit, involves interpreting model fit or comparing fit indices for alternative or
nested models. The fifth step, respecification, usually occurs when the model fit
indices suggest a poor fit. In this instance decision model regarding how to delete,

add, or modify paths in the model and then subsequently reruns the analysis.
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The abbreviations used in the. mode! are as follows

Attitudes toward mathematics ATM
Achievement in mathematics AIM
Mathematics Achievement Test Score MathATS
Confidence in learning mathematics conf
Success attribution in mathematics success
Math as a male domain maledo
Usefulness of mathematics use
Anxiety in mathematics anx
Importance of mathematics imp
Effectance motivation efmo
Percieved Characteristics of Teacher Related to Students PTeChSt
Percieved Teacher Characteristics Related to Profession PTeChTP
Percieved Mother Characteristics Related to Students PMoChSt
Percieved Father Charecteristics Related to Students PFaChSt
Father Education Level fathedl
Mother Education Level mothedl

In present study reciprocal model of the relationship between ATM and AIM
is described in Figure 3.1. Observed variables are enclosed in rectangles, latent
variables are enclosed in ellipse. All paths in the model were driven from the
literature review and the theoretical assumptions.

Unweighted Least Square used to estimate this theoretical model.
Unweighted Least Square Method uses covariance matrix for analyses. Significance
of the model parameters was tested through t-values. The LISREL 8.30 program
calculates the ratio of the parameter estimate to the standard error and therefore
equivalent to a z-test. In the path diagram only path that have significant t-value are
included. Assessment of the model fit was based on multiple criteria including the
goodness of fit index (GFI), adjusted goodness of fit index (AGFI), the root mean

square residual (RMSR), which is the average difference between the observed

71



correlations and the values estimated by the model and model comparison. A GFI

and AGF1 above 0.90 and RMSR below 0.05 jogged as good fitting.

3.8 Limitations

3.8.1 Internal Validity

Internal validity means that any relationship observed between two or more
variables should be unambiguous and being due to “something else.” The
“something else” may be the age or ability of the subjects, the conditions under
which the study is conducted, or the type of materials used (Fraenkel and Wallen,
1996).

The selection of people for study may result in the individuals (or groups)
differing from one another in unintended ways that is related to the variables to be
studied. This is called subject characteristics threat (Fraenkel and Wallen, 1996). In
the present study subject characteristics could not be a problem for the internal
validity. Subjects were all ninth grade students. Genders of the subjects were
included as a variable. However, subjects’ socioeconomic backgrounds were not
equal because of the school types that were included. Since subjects’ parents’
education level included as a variable effect of socioeconomic background tried to be
controlled.

Lose of subjects as the study progress is known as mortality threat (Fraenkel
& Wallen, 1996). In the present study mortality could not be a problem for the
internal validity. Subjects were not known when they were get attitude scales and
achievement test.

The particular locations which data are collected are called a location threat
(Fraenkel & Wallen, 1996). In the present study location could not be a problem for
the internal validity. The classroom settings in which data were collected were
similar to each other.

The way in which instruments are used may also constitute a threat to internal
validity of the study (Fraenkel & Wallen, 1996). Instrument decay, data collector

characteristics, and data collector bias could not be problem to internal validity. The
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computer read data. Data collector characteristics were not related to the variables
being investigated. Data were collected in the same way from all schools.

Since the present study is not an intervention or experimental study testing,
maturation, Hawthorne effect, regression, implementation could not be problem for
the internal validity. Because there weren’t any unplanned occasions during the
implementation of the attitude scales and achievement test, history could not be a
problem for the internal validity. Confidentiality was satisfied without taking

accounts the names of the subjects.

3.8.2 External Validity

3.8.2.1 Population Validity

In the present study convenience sampling was utilised. However, all types of
the schools tried to be included. Except Science Lycee, Anatolian Lycee, private
Lycee, and Public Lycee were included in the study. Nevertheless, since sample size
was not big enough generalisations of the findings of the study were limited. On the
other hand, generalisation can be done on subjects having the same characteristics

mentioned in chapter 3.

3.8.2.2 Ecological Validity
The ecological validity refers to the degree to which results of a study can be
extended to other settings or conditions (Fraenkel and Wallen, 1996). The results of

the present study can be generalised to schools similar to this study.
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CHAPTER 4

RESULTS OF THE STUDY

This chapter devoted to the presentation of results of the present study. It

contains model evaluation and testing hypothesis sections

4.1 Model Evaluation

The problems of the present study were the following:

1. What structural model best describes the reciprocal relationship between
Attitudes toward Mathematics (ATM) and Achievement in Mathematics (AIM)?

2. What role does each selected variables play in the model with respect to the
reciprocal relationship between ATM and AIM?

The reciprocal relationship between ATM and AIM the Figure 3.7 was
estimated using an Unweighted Least Square Linear Structural Model. The results of
the analysis given in Figure 4 .1, Figure 4.2, Figure 4.3 and Table 4.1, Table 4.2 In
Figure 4.1 coefficients are standardized, in Figure 4.2 coefficients are t-values in,
Figure 4.3 model with error values, Table 4.1 A values and corresponding
measurement error are given, in Table 4.2 and Table 4.3 structure coefficients are

given.
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Table 4.1 A values and Corresponding Measurement Errors

Observed Variables A Latent Variables Measurement Error
conf 7.23 (A 5.00
Success 3.58(Ay) 7.00
Maledo -44.78(Ay) 10.00
use 6.87(ny) ATM 7.00
anx 8.40(7y) 9.00
efmo 7.99(Ay 17.00
imp 2.07(\y) 5.00
MatAT 1.26(Ay) AIM 4.00
Maledo 47.66(Ay) 10.00
Fathedl 0.26(Ax) Father Quality 0.92
PFaChSt 6.43(Ax) 7.00
Mathedl 0.36(Ax) Mother Quality 1.27
PMaChSt 5.33(Ax) 6.00
PTeChSt 6.84(Ax) Teacher Quality 12.00
PTeChTp 2.28(Ax) 4.00
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Table 4.2 Structure Coefficients

Latent Independent Y Latent Dependent
Variables variables
Teacher Quality (TQ) 0.064
Mother Quality (MQ) -0.18 ATM
Father Quality (FQ) 0.056
Teacher Quality 0.15
Mother Quality 0.089 AIM
Father Quality 0.025
Table 4.3 Structure Coefficients
Latent Dependent B Latent Dependent
Variables Variables
AIM 0.85 ATM
ATM 0.69 AIM

As can be seen from the Figure 4.1 structural model consists of three latent

independent variables and two latent dependent variables. The latent independent

variables are Teacher Quality Mother Quality, Father Quality while the two latent

dependent variables are Attitude toward Mathematics (ATM) and Achievement in

Mathematics (AIM). Confidence in learning mathematics (conf), Succsess attribution

in mathematics (success), math as a male domain (maledo), usefulness of

mathematics (use), mathematics anxiety (anx), effectance motivation (efmo),

importance of mathematics (imp) are observed variables of the latent dependent

variable ATM. Scores of the students on Mathematics Achievement Test (MAT)

(matachv), math as male domain (maledo) are observed variables of latent dependent

variable AIM.
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Students’ perception of their teacher’s attitudes toward them as learners of
mathematics including teacher interest, encouragement and confidence in the
students’ ability (PTeCh3t), and students’ perception of their teachers’ attitudes
toward profession (PTeChTp) are the observed variables of the latent independent
variable Teacher Quality. Mother education level (mothedl), students” perception of
their mother’s attitudes toward them as learners of mathematics including mother
interest and encouragement (PMoChSt) are the observed variables of the latent
independent variable Mother Quality. Father education level (fathedl), students’
perception of their father’s attitudes toward them as learners of mathematics, father
interest and encouragement (PFaChSt) are the observed variables of the latent
independent variable Father Quality.

The LISREL model was evaluated by 1) the goodness of fit statistics (GFI),
adjusted goodness of fit (AGFI) testing the extent to which the model was consistent
with the data; 2) t-tests of specific path coefficients to determine whether each of the
various hypothesised relationships had been confirmed; 3) Root Mean Square
Residual (RMSR) to evaluate closeness of original covariance matrix to reproduced
covariance matrix. GFI, AGFI and RMSR base on differences between observed
(original) and model implied (reproduced) covariance matrix. The GFI was 0.95 and
AGFI is 0.94 suggesting a very good fit of the model to the data. RMSR was 0.03
indicating that the average correlation remaining after controlling for predicted
relationship was quite small. Moreover, the t-ratios for the specific path coefficients
indicated all paths were significant at the p < 0.01. Thus, all indicators suggested an

overall fit between the model and the observed data.

4.2 Testing the Hypothesis

Following hypotheses were stated in order to test the problems:
I. There is a reciprocal relationship between ATM and AIM.
There is a significant effect of father quality on ATM
There is a significant effect of father quality on AIM
There is a significant effect of mother quality on ATM
There is a significant effect of mother quality onAIM
There is a significant effect of teacher quality on ATM

S

There is a significant effect of teacher quality on AIM.
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They were tested at the level of significance o = 0.01

According to the figure 4.1, the two predicted latent variables, AIM and ATM
were confirmed and that further more they were found to account for the observed
variances and covariances of the manifest variables. Six of the seven attitudinal
variables were positively and significantly loaded on latent ATM, conf (A, = 0.96
p <0.01), anx (A, =0.94 p < 0.01), use (Ay = 0.93 p < 0.01), efmo (A, = 0.89
p < 0.01), success (Ay = 0.80 p < 0.01), imp (Ay = 0.68 p < 0.01) while maledo
( Ay =-4.58 p <0.01) negatively and significantly loaded on ATM. Of these seven
variables conf accounted for the greatest variance (R* = 0.91) of latent dependent
variable ATM. With respect to the achievement, it was confirmed that achv and
maledo were significantly and positively loaded (A, = 0.63, A, = 0.80 p < 0.01) on
the latent dependent variable AIM. Percieved teacher chatacteristics related to
student and profession were significantly and positively loaded (Ax = 0.89, A, = 0.75
p <0.01) on the latent variable Teacher Quality. Father Quality was significantly and
positively accounted by fathedl (Ax = 0.27 p < 0.01) and fathexp (Ax = 0.92 p < 0.01).
Mother Quality was significantly and positively accounted by mothedl (A, = 0.31
p < 0.01) and mothexp (Ax = 0.91 p < 0.01). Thus, the first stage in the model
evaluation was achieved.

The results shown in Figure 4.1 further show Teacher Quality have a positive
direct effect on both ATM (I' = 0.06 p < 0.01) and AIM (T = 0.15 p < 0.01). The
indirect effect of Teacher Quality on ATM is larger than its direct effect but indirect
effect of TEACHER on AIM is smaller than its direct effect (IDTQATM = yroam X
Bamatv . IDTQATM = 0.15 x 0.85 = 0.13; IDTQAIM = Yroatm X PBatmam ,
IDTQAIM = 0.06 % 0.69 == 0.04).

However, when calculating the total effect by adding direct and indirect
effect of Teacher Quality on AIM and ATM it was found that they are identical in its
magnitude (TOTALTQATM = DETQATM + IDTQATM , TOTALTQATM = 0.06
+0.13=0.19 TOTALTQAIM = DETQAIM + IDTQAIM , TOTALTQAIM = 0.15
+0.04 = 0.19 respectively).

Moreover, Father Quality has a positive direct effect on both ATM (y = 0.06)
and AIM (y= 0.03). The indirect effect of Father Quality on ATM and AIM indicates
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that the direct effect of Father Quality on ATM is larger than its indirect effect while
direct effect of Father Quality on AIM is smaller than its indirect effect (IDFQATM
= I'rgaim X Baimatv , IDFQATM = 0.03 x 0.85 = 0.025; IDFQAIM = I'rgatm X
Batmamv » IDFQAIM = 0.06 X 0.69 = 0.04).

However, when calculating the total effect of Father Quality on ATM and
AlIM, it was found that the effect of Father Quality is identical in its magnitude
(FQTALTQATM = DEFQATM + IDFQATM , TOTALFQATM = 0.06 + 0.03 =
0.09 TOTALFQAIM = DEFQAIM + IDFQAIM , TOTALFQAIM = 0.03 + 0.04 =
0.09 respectively)

As predicted Mother Quality has a positive direct effect on AIM (B = 0.09).
However, contrary to prediction, the combined parameter estimate of the effect of
Mother Quality on ATM suggests that Mother Quality has a direct negative effect on
ATM (B = -0.02 p < 0.01). When the indirect effect is added to the direct effect,
pattern is changed namely that Mother Quality has a total positive effect on ATM
(TOTALMQATM = DEMQATM + IDMQATM , TOTALMQATM = -0.02 + 0.08
= 0.06 and total positive effect on AIM (TOTALMQAIM = DEMQAIM +
IDMQAIM , TOTALMQAIM = 0.09 + -0.01 = 0.07).

Finally, as predicted, reciprocal relationship between ATM and AIM was
found. The parameter estimates in Figure 4.1 shows that, as predicted, ATM
positively effect on AIM (B = 0.69, p < 0.01) and at the same time AIM has a
positive effect on ATM (B = 0.85, p < 0.01). It should be noted that reciprocal effects
that ATM and AIM had on one another were different in their magnitude. AIM was

found to have a stronger effect on ATM than vice versa.
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CHAPTER 5

DISCUSSION, IMPLICATIONS AND RECOMMENDATIONS

This chapter includes discussion and interpretation of the findings reported in
the previous chapter and implications for further research studies. In the discussion
researcher will also combine her own observation with the interpretation of the

results .

5.1 Discussion

The results of this study support the hypothesis that a causal model exists for
attitudes toward mathematics (ATM), achievement in mathematics (AIM), teacher,
mother and father quality. The results show that, as predicted teacher and father have
positive direct effect on both ATM and AIM. Furthermore, as predicted, reciprocal
relationship was found between ATM and AIM. However, contrary to the prediction
mother was found to have negative effect on ATM, but as predicted it has positive
effect on AIM.

The relationship between ATM and AIM has often been the subject of
inquiry. While some studies demonstrated that the ATM and AIM correlations is
quite low ranging from zero to 0.25 in absolute value (Abrego, 1966; Wolf & Blixt,
1981), the others concluded that the strong relationship between ATM and AIM with
correlations above 0.40 (Aiken, 1971&1976; Kloosteman, 1981; Randhava &
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Beamer, 1982; Minato & Yenase, 1984). Also, there are other studies that
examined the causal relationship between ATM and AIM (Enemark & Wise, 1981;
Steinkamp, 1982; Mcleod, 1992; Revicki, 1982; Feather, 1988).

However they specified relationship between ATM and AIM as unilateral,
disregarding the fact that a unilateral relationship can not capture the interactive
characteristic of ATM and

AIM. On the other hand, Ma (1997) studied on the reciprocal relationship
between ATM and AIM by using structural equation modelling. He found that
reciprocal relationship existed between ATM and AIM. That means attitudes affect
achievement and achievement inturn affects attitudes. Result of the present study
consistent with the Ma’s (1997) study such that reciprocal relationship between ATM
and AIM was found. ATM was found to have a significant positive effect on AIM
suggesting that the more positive attitudes toward mathematics is associated with
higher achievement in mathematics. Affect of AIM on ATM was also found as
significant positive suggesting that higher achievement in mathematics associated
with more positive attitudes toward mathematics. This result of the present study also
coincides with Bloom’s Theory of School Learning (see in Theoretical Background
Section). In his theory there is a close cycle between students’ attitudes and
achievement like in the present study.

The result of the present study about effect of teacher, father and mother on
ATM and AIM contradicts with the research studies and theoretical background
reviewed in the present study. Research studies and theoretical background indicated
that effect of teacher, father, and mother on ATM and AIM was positive and
significant. In the present study, researcher also found statistically significant effect
of teacher, father, and mother on ATM and AIM but they were not practically
significant. Since sample size was big path coefficients were significant but they
have no practical meaning.

Changing values in our culture, characteristics of the age group and teachers
opinions about their profession can be causes of negligible teacher, father and mother

effect on ATM and AIM.
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It is known that adolescence starts at grade 6. And it never ends, it is
continuous process. In this process, it was observed that person tries to prove oneself.
Therefore, doesn’t want to listen any person, frequently adolescent refuse to listen
his / her mother, father and teacher, and refuse to obey rules. He / she doesn’t care
any of the things that his / her mother / father / teacher wants. Since subjects of the
present study are also in this process, this may have resulted in low effect of teacher,
father, and mother on ATM and AIM.

Besides adolescence process, it is observed that nowadays parents didn’t have
time to be interested in their child. They don’t care what their child does. There was
no encouragement to be good at in the school. They haven’t got expectations about
their child's achievement. They know little or nothing about child ability. Therefore
subjects of the present study may not know their father and mother’s attitudes toward
them as a learner. This may have resulted in low father and mother effect on ATM
and AIM.

Moreover, teacher’s points of view may resulted in negligible effect of
teacher on ATM and AIM. It is observed that when compared with the past today
much more teacher thought that “give lesson and go”, they dodn’t care students, they
dodn’t have any expectations from child and his / her job. So he / she dodn’t care
how much his / her teaching is effective, how students are learning. In other words,
wether their students are learning or not is not important for him / her.

In conclusion it can be said that practically low effect of teacher quality,
father quality and mother quality on that of ATM and AIM may be because of
adolescence process, because of uninterested parents, and because of teachers
approach to being teacher. and teaching.

Six of the seven attitudinal variables, success attribution in mathematics,
confidence in learning mathematics, math-anxiety, effectance motivation, usefulness
of mathematics and importance of mathematics were positively and significantly
loaded on latent dependent variable ATM.

Confidence in learning mathematics positively and significantly loaded
(B = 0.96, p < 0.01) on ATM.In otherwords, more confident student 1s associated
with more positive attitudes toward mathematics and more positive attitudes toward

mathematics is associated with higher achievement in mathematics. This result is
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consistent with the Ecceles and his colegues (1983) Achievement Behaviour Model.
In the model confidence in learning mathematics that is ones ability to learn and
perform well on mathematical tasks is directly influence achievement behaviours.
Ethington (1992) identified direct influence of self-concept on achievement.
Moreover, Fennema and Sherman (1977,1978) found that positive correlations
between mathematics achievement and confidence measured by the Fennema and
Sherman Confidence in Learning Mathematics Scale. However, this finding of the
present study is inconsistent with the finding of the Bulut’s (1988) study. She did not
find significant relationship between mathematics self-concept and mathematics
achievement.

Usefulness of mathematics positively and significantly loaded (f =0.93, p <
0.05) on ATM suggesting that the more student believed mathematics is useful in
relationship to their future education and vocation is associated with more positive
attitudes toward mathematics and more positive attitudes toward mathematics is
associated with higher achievement in mathematics. This finding consistent with
Atkinson’s (1964) Expectancy X Value Model of Achievement Motivation that is
strong perception of mathematics is useful, and therefore valuable, will result in the
motivation to continue. Carpenter and Corbit (1980) also found that students
percieved math as the useful to themselves as individuals. Pedro, Wolleat, Fennema
and Becker (1981) identified usefulness was the strongest predictors of plans to study
high school mathematics. Lantz and Smith (1981) found that the subjective value
placed on mathematics was the attitudinal variable most highly correlated with
mathematics participation.

Mathematics anxiety is positively and significantly loaded (B = 0.94, p <
0.01) on ATM that is low mathematics anxiety contributes positive attitudes toward
mathematics and positive attitudes toward mathematics is associated with higher
achievement. High mathematics anxiety contributes negative attitudes and negative
attitudes toward mathematics are associated with low achievement. This finding is
consistent with the findings of the studies of Aiken (1970,1976), Fennema (1977),
Fax (1977), Betz (1978); Holden (1987) that is mathematics anxiety contributes to
mathematics avoidance and poor mathematics performance.

Success attribution in mathematics is loaded positively and significantly
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(B = 0.80, p < 0.01) on ATM suggesting that the more students attribute their
success to their ability and failure to effort and luck is associated with the more
positive attitudes toward mathematics and the more positive attitudes toward
mathematics is associated with higher achievement in mathematics. This result of the
study is consistent with the Weiners (1974) Attribution of Success and Failure
Theory. TIMSS (1997) also identified that success attribution was an important
attitudinal factor.

Importance of mathematics is significantly and positively loaded (P = 0.68, p
< 0.01) on ATM. In otherwords, the more students aware of importance of
mathematics is associated with higher achievement in mathematics. This finding
consisted with TIMSS (1997) results that is importance of mathematics was the
important attitudinal variable. Ma (1997) also identified importance of mathematics
was a kind of awareness or recognition, an attitudinal element that encourage
students to put more effort into learning mathematics.

The last attitudinal variable that significantly and positively loaded on ATM
is effectance motivation (B = 0.89, p < 0.01). In other words, the more students
involved in mathematics and enjoyed with mathematics is associated with the more
positive attitudes toward mathematics and the more positive attitudes toward
mathematics is associated with higher achievement in mathematics. Ma (1997), for
example, reported that enjoy with mathematics was an important attitudinal variable,
and feeling of enjoyment directly effect attitudes toward mathematics. TIMSS (1997)
also identified that enjoy with mathematics was an important attitudinal variable and
it was positively and significantly loaded on attitudes toward mathematics.

Of the seven-attitudinal variables contributing to the latent independent
variable ATM, mathematics as male domain is negatively and significantly loaded.
However, it is loaded positively and significantly on AIM. This results of the study
means that when a student thought that mathematics is much more appropriate area
for boys than girls to study than he / she develops negative attitudes toward
mathematics and getting high achievement in mathematics. Since in the present study
researcher didn’t develop model for boys and girls separately, this result doesn’t says

there is a gender differences or there is no gender differences. It says only for all
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students when they believe that mathematics is a boy dominated area they develop
negative attitudes toward mathematics and being more successful.

However, it is observed that when girls think mathematics is much more
appropriate to boys than girls then they are developing negative attitudes toward
mathematics and to show themselves in mathematics they are studying a lot and this
brings high achievement. When boys think mathematics is much more appropriate to
himself than girls then they are developing positive attitudes toward mathematics and
to show mathematics is really much more appropriate area to study for boys they are
studying a lot which brings high achievement in mathematics. Nevertheless to say

there is a gender difference separate models have to be developed for boys and girls.

5.2 Implications
In this section, the implications of the present research can be stated as

follows:
» Teacher should be recognise and overcome the problem of negative attitudes

toward mathematics and instructional consequences of these attitudes.

* Teacher should be aware of the problems of anxious students. She/he should be

focus on causes, effects and remedies of mathematics anxiety.

= Teacher should be create such a classroom environment that students have to be
sure about their ability to learn new topics in mathematics and perform well in

mathematics class.

= Teacher should be aware of the causes of success and failure of the students’
achievements and should talk with the students bout causses of their success and

failure.

* Teacher should be aware of the students perception of usefulness and importance
of mathematics. She/he should provide a classroom environment that students see
the usefulness and importance of mathematics in the daily life and in the future

vocation.
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Teacher should behave equally and encourage,equally both boys and girls to

study mathematics.

Those more positive attitudes toward mathematics results in higher achievement
in mathematics. Thus, teacher should be careful about the attitudes toward
mathematics of their students developed. Teacher should create different
classroom settings so that student can see different teaching method of
mathematics and can actively engage in learning process. Teacher should provide

that students see mathematics from different perspective.

Parents should be cooperate with teachers, encourage their child and confident

their child ability.

5.3 Recommendations for Further Research

Followings are some recommendations for further research on the reciprocal

relationship between attitudes toward mathematics (ATM) and achievement in

mathematics (AIM):

The sample size can be increased in further studies.

The researcher can carry out further research on reciprocal relationship between

ATM and AIM including father and mother occupations .

The researcher can carry out further reassert on reciprocal relationship between

ATM and AIM for boys and girls separately.

The researcher can carry out further research on reciprocal relationship between

ATM and AIM including culture as a variable in the model.

The researcher can carry out further research on reciprocal relationship between
ATM and AIM including school type as a variable.
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* The researcher can carry out further research on reciprocal relationship between

ATM and AIM developing different models.
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APPENDICES

APPENDIX A

MATEMATIK TESTI

‘Yonerge: Bu testte toplam 20 soru. bulunmaktadlr: Lin:fen "‘orulan 1 d1kkat11

okuduktan sonra cevab1 1§aretle iniz. r
kullanilacaktir. Ve verdlglmz cevaplar kesml »'e; glzh tutulacaktlr. 'Y rdimla

q:ok tegekkiirler 11

1) A= {{1,2}, {2,3}, {1}, {2}} kiimesi veriliyor. Bu kiimenin alt kiimelerinden biri

asagidakilerden hangisidir?
a){1} b {{1,23},{1}} {2} d){{23},{l2}}
2) 10-[2.(7-4)—-(2+4):3]

a) 6 b)5 -7 d)-8
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1 1 1
j P
3) SN 2 3 isleminin sonucu kagtir?
8 1 + 11
2 3 6
11 1
4 b) — —  a =
? ‘% 97 93

(=001 1y 4 ()20
(—1)1001 (100

4)

isleminin sonucu kagtir?

a)—2 b) 2 ) 1 d)-1

5 ﬁ),lé +\/2,25 " \/1’21 =a igleminin sonucu kagtir?
J0.25 +4/1,44 2,89

17 13 30 15
kL by -2 2 g 2
2) 5 ) 5 ©) 17 ) 17

2 2 2
-9 1 +3
6) a 2 6 : 2 E ifadesinin sadelesmis sekli nedir?
a+4 a—3 a

a) a+?2 b)a- 3 c) 2a+3 d) a—-4

7) Bir mal “x” lira karla 120.000 liraya, ayn1 mal “y” lira zararla 105.000 liraya satiliyor

“x" ile *y” arasindaki baginti asagidakilerden hangisidir?

a)x—-y=10.000 b) x—y=15.000 ¢) x+y=15.000 d) x+y=10.000

8) Bir smiftaki siralara Ggrenciler liger otururlarsa 9 kisi, ikiser kisi oturularsa 14 kisi

ayakta kaltyor. Buna gore sinifta kag sira vardir?

a) 15 b) 5 c) 7 d) 23
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9) Bir baba oglundan 30 yas bilyiiktiir. 4 y1l sonra yaslarinin orani 3 olacaktir. ‘Simdi oglu

ka¢ yasindadir?
a) 11 b) I3 c) 20 d) 15

10) Sekilde, BFD agisi’nin Sl¢iisii 45 derece,

ABC agisi’min dlgiisii 80 derecedir. [FE], A

[BCY ye paraleldir. O halde, FBD agisi’nin

sleiisii ke ‘o n

dlgiisii kag derecedir? F E
45°

a) 50 b) 60 ¢) 55 d) 45 80

11) Yandaki ABC iiggeninde,
|BE|=]EF|=]|FC|
ve | AK | =| KC J’dir.

Bunlara ek olarak, tarali iggenin alani 12 cm?dir. O

halde. ABC iiggeninin alant kag cm”"dir. B

a) 72 b) 64 c) 48 d) 36

12) Yandaki sekilde | EB |=8 cm,
| AE | =| DC | = 6 cm’dir. Bunlara ek olarak, EBC

. o 25 g
tiggeninin alam 16 cm™’dir.

O halde, ABCD yamugunun alani kag cm™dir.

a) 32 b)36 )48  d)40

102



13) Sekilde A, B, C ve D noktalar: “O” merkezli

cember Gizerindedir. [AB], [CD]’ye paraleldir. ABC A /\ B
agisi min olgiisii 30° ise COD agisi’nin dlgiisii kag K)

derecedir?
a) 100 b) 110 ¢) 120 d) 130

14) 5in 307 . cos 607 ifadesinin degeri asagidakilerden hangisidir?

2tan 45°
a) - b) 02 d) -
2 8 16
T 4 1 e
15) Bir dik l¢gende tanx =_— ise ———— asafidakilerden hangisidir? (Not: “x”
cos“ x+1

agisin dlgiisii 90°°den kiigiiktiir).

25 25 16 9

16) K ( 1. -4 ) noktasi, asagidaki dogrulardan hangisinin tizerindedir?

a) y=2x+6 b) y=3x+9 c) y=4x -8 d) y=5x-10

-4
17) v= —-g—xxl dogrusuna asagidaki dogrulardan hangisi paraleldir?

a)y LAY b)"4 x+1 ) = it d) +2 k=0
= — —y= €) y=—2x —x+1l=
5 5 7 7= Y7
18) Sekilde x <0 vey> 0 sartini birlikte I T
saglayan (x,y) noktalarinin kiimesi, < L >
hangi bolgede bulunur? I \]/ V.
a) 1. Bolge b) 1l. Bolge c) III. Bolge d) IV. Bolge
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19){0, 1. 2. 3, 4, 5} kiimesinin elemanlart ile rakamlar farkli, 300°den biiyiik 5°in kat1 olan,
3 basamakli, kag tek sayi yazilabilir?

a) 8 b) 7 c) 30 d) 50

20) Bir zar ve bir para atildiginda, zarin “3” ve paranin “yazi” gelme olasiligi kagtir?

a)

RN

b) —
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