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Abstract

This study was aimed to develop an instrument to measure primary and secondary school students' attitudes toward mathematics
and to find the underlying dimensions that comprise the attitudes toward mathematics. In addition, it was aimed to examine
students' attitudes towards mathematics in terms of gender and grade level variables. For this purpose, a five-point Likert-type
instrument consisting of 27 items to measure students' attitudes towards mathematics was prepared and applied. The validity
and reliability of the instrument were made on the data obtained from 328 students selected by random sampling method
among primary and secondary school students. As a result of the factor analysis performed to determine the construct validity
of the instrument, it was seen that the factor loads of the scale items ranged from 0.44 to 0.75, the Kaiser-Meyer Olkin (KMO)
value was .89, and the internal consistency coefficient (Cronbach alpha) value calculated for the reliability study was a=.88. In
addition, principal components factor analysis with varimax (orthogonal) rotation applied to find the sub-dimensions of the
instrument revealed five factors: (1) in-class; (2) the nature of mathematics; (3) problem solving; (4) understanding and (5)
self-efficacy. Findings related to validity and reliability studies show that the instrument has a valid and reliable structure. In
addition, as a result of the application of the instrument, it was concluded that the mathematics attitudes of the students did

not differ according to gender, but there was a significant difference in terms of grade level.
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INTRODUCTION

Mathematical knowledge includes the skills of counting,
calculating, measuring, which are used to solve problems
encountered in daily life, and the ability to open up to the
world with logical thinking and expand the horizon of life.
Therefore, mathematics, which has a wide application area
from preschool to higher education, is of great importance
in education. However, mathematics is one of the areas that
students are most afraid of or have problems within their
education life (Tiras, 1999; Tasdemir, 2009). It can be thought
that the effect of mathematics attitude, which started to form
especially in primary and secondary school years, played a role
in the formation of this perception in students. As a matter
of fact, mathematics depends not only on cognitive abilities
but also on emotional factors and attitudes (Dowker, Bennett
& Smith, 2012). Every person has thoughts and attitudes
about mathematics. Attitude can be defined as the tendency
of individuals to react positively or negatively towards a
certain object. Attitude towards mathematics is explained as
the individual's positive or negative reaction to mathematics
(Papanastasiou, 2000).

Researchers who participated in the development of an
attitude scale towards mathematics were mostly concerned
with pleasure or anxiety (Aiken, 1974; Michaels & Forsyth,
1978; Shashaani, 1995). Different psychometric procedures
were applied in the creation of attitude measures used in
such studies. The aspect of attitude evaluated with these tools
usually includes only one of the effective goals of mathematics
teaching (McCallon & Brown, 1971; Aiken, 1974). Therefore,

when the scales used to measure mathematics attitudes are
examined, it can be said that only certain sub-dimensions
(such as anxiety, etc.) come to the fore (Tapia, 1996; Tapia
& Marsh, 2004). Considering that attitude is a cognitive,
affective, and behavioral reaction that an individual organizes
based on his or her experience, motivation, and knowledge
towards any social subject, object, or event around him
(Saracoglu et. al.,, 2004), there is a need for more up-to-date
and comprehensive sub-dimensions in determining attitudes
towards mathematics. Indeed, studies show that there are
more significant relationships between mathematics attitude
and students' self-evaluation scores than anxiety (Dowker,
Bennett & Smith, 2012). In this context, it can be said that
the scale developed in the current study will contribute to the
emergence of more comprehensive sub-dimensions related to
mathematics attitudes.
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It can be said that emotional factors such as attitude
also play a big role in mathematical performance (Baloglu
& Kogak 2006; Miller & Bichsel, 2004). Therefore, students'
attitudes towards mathematics are also important in terms of
students' mathematics experiences, academic achievements,
and daily lives (Baser & Yavuz, 2003). However, most of the
studies on performance and attitude towards mathematics are
mostly directed towards adults (Coban, 1989). It is therefore
particularly important to explore the early development of
attitudes towards mathematics if we are to understand the
relationships between actual mathematical performance
and attitudes and, if possible, to prevent the development of
negative attitudes. For this reason, the present study aimed
to determine the mathematics attitudes of primary school
(9-10 years) and secondary school (11-12 years) students with
the developed scale. Relatively few studies examining young
children's attitudes towards math have generally shown
positive attitudes, with most children claiming to love math
(Blatchford, 1996; Tizard et. al., 1988). However, studies
suggest that attitudes may deteriorate with age, especially
in the primary school age group (Wigfield & Meece, 1988;
Dowker, 2005). Therefore, another aim of the present study
is to investigate the change between primary and secondary
school students. Undoubtedly, it can be predicted that older
children may exhibit more negative attitudes. This prediction is
based on the assumption that children's experiences of success
and failure can influence their attitudes and confidence in
mathematics, and that such experiences and their effects will
become increasingly evident in later school years. The present
study also aims to examine gender differences in students'
attitudes towards mathematics. Studies suggest that women
do not underperform at math, but tend to have lower self-
evaluation and more anxiety (Devine, et. al., 2012; Else-Quest,
Hyde & Linn, 2010). The present study aims to investigate
whether such gender differences can also be present in primary
and secondary school students.

In summary, although attitudes alone are not a sign of
success in mathematics, it can be said that student's personality
traits, gender, and grade level are among the variables that
affect their attitudes towards mathematics. For this reason,
there is a need for further studies to measure students' attitudes
towards mathematics from an early age and to examine the
relationship between variables affecting mathematics attitudes.
This study, it was aimed to develop a scale to determine the
mathematics attitudes of primary and secondary school
students, and as a result of the application of the scale, the
relationship of students' attitudes towards mathematics in
terms of various variables was examined. In line with the
stated purposes, the sub-problems of the research are as
follows;

o Does the developed Mathematical Attitude Scale (MAS)
have a valid and reliable structure?
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o Do primary and secondary school students' attitudes
towards mathematics differ in terms of gender and grade
level variables?

In this context, the present study is important in terms
of shedding light on the attitudes of primary and secondary
school students towards mathematics and whether their
attitudes differ according to certain variables.

METHOD
Researach Design

The survey model was used in this study, which aims to develop
a scale that can be used to measure the attitudes of primary
and secondary school students towards mathematics. In this
section, the study group of the research, the development of
the scale, and the techniques used in the analysis of the data
are mentioned.

Population and Sample

Primary and secondary school students were chosen as the
population of the study. A random sampling method was used
in sampling methods. The sample of the study consists of a
total of 328 students, 170 (52%) girls and 158 (48%) boys, who
are studying in a primary school and a secondary school in
the Southeastern Anatolia Region. The distribution of students
according to their grade levels is shown in Table 1.

Data Collection Tools and Developing the Scale

In the first stage of the development of the scale, a literature
review on the subject was made and sentences that could
express the mathematical attitude were formed. The sentences
formed were evaluated by two lecturers who are experts in the
field of mathematics education. In addition, the opinions of
experts working in Turkish education were consulted so that
these sentences do not contain any expression disorders in
terms of grammar. Afterward, a 27-item 5-point Likert-type
scale was prepared to express students' attitudes towards
mathematics. Three of these items are negative items for
attitude. Each student responds to each item on the scale in five
subscales. These; “Strongly agree, Agree, Undecided, Disagree,
Strongly disagree”. The scale was finalized by scoring positive
items as 5-4-3-2-1 and negative items as 1-2-3-4-5 for attitude.

Tablo 1.: Grade levels of students

Grade Levels f %
4th grade 70 21
5th grade 61 19
6th grade 56 17
7th grade 88 27
8th grade 53 16
Total 328 100
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The created scale consists of five factors: (1) in-class; (2) the
nature of mathematics; (3) problem solving; (4) comprehension
and (5) self-efficacy.

Data Analysis

Within the scope of the validity studies of the developed scale,
the Kaiser-Meyer-Olkin (KMO) value was calculated and the
Bartlett Sphericity test was applied. The process of determining
the factor structure of the scale was done by using Principal
Component Analysis, which is a factor analysis technique. In
the reliability studies of the scale, the item-total correlations
were examined and the Cronbach Alpha internal consistency
coeflicient was calculated. Besides, as a result of the application
of the scale, the independent group t-test was applied in the
whole scale and in the subscales for the mean attitude of the
students according to the gender variable. In addition, the
scores of the students from the whole attitude scale and its
subscales according to their grade levels were analyzed with
a one-way analysis of variance and the Duncan test.

FINDINGS

In this section, findings of the validity and reliability of
the scale and the findings of the examination of students'
mathematical attitudes in terms of various variables are
included.

Findings Regarding the Validity and Reliability of the Scale

While determining the items to be included in the scale,
the correlation between the answers given to each item and
the total score obtained from the answers given to all of the
items was calculated. Findings of item-total test correlations
obtained here are shown in Table 2.

Items 4 and 22, which had alow correlation value according
to Table 2 and lowered the Cronbach Alpha reliability
coefficient of the draft scale, were removed from the draft
scale. Kaiser-Meyer-Olkin (KMO) value and Bartlett's Test
of Sphericity were applied to the data remaining after the

extracted items within the scope of validity studies. The KMO
value shows that it is excellent between 1.00-0.90, very good
between 0.89-0.80, good between 0.79-0.70, a medium between
0.69-0.60, weak between 0.59-0.50, and unacceptable for values
less than 0.49 (Biiyiikoztiirk, 2005; Tavsancil, 2005). The KMO
value of the remaining 27-item scale was found to be (.888),
indicating that this sample was very good. Also, Bartlett's test
of sphericity has a significance value (.000) [X2 = 2550,101,
p <.001]. This shows that the data come from a multivariate
normal distribution. These results show that there is sufficient
correlation between the items of the scale and factor analysis
can be performed (Cokluk, Sekercioglu & Biiyiikoztiirk, 2010).

Factor analysis is a statistical technique that aims to
measure variables that measure the same structure or quality
by collecting them together and explaining them with a small
number of factors (Bityiikoztiirk, 2005). While deciding on the
number of factors in the scale, the eigenvalues being greater
than 1 and the Scree-Plot chart were taken into account. The
Scree-Plot graph is shown in Figure 1.

Taking advantage of the eigenvalues in Figure 1, it was
decided that the scale consists of 5 factors. Rotated Component

Scree Plot

TE—g—a—a_

%

Figure 1: The Scree-Plot

Table 2: Findings regarding item-total test correlations

Item Item Total Correlation  Item
S1 272 S11
S2 ,281 S12
S3 ,531 S13
S4* -,081 S14
S5 453 S15
S6 ,445 S16
S7 ,459 S17
S8 ,506 S18
S9 ,545 S19
S10 ,440 S20

Item Total Correlation  Item Item Total Correlation
,569 S21 ,458
,526 S22* ,066
,591 S23 ,394
,303 S24 ,426
,265 S25 413
,496 S26 ,511
,567 S27 ,527
,429 528 ,500
,322 S29 ,387
,306

* Extracted items
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Matrix analysis was conducted to determine how to group
27 items in the scale according to 5 factors. The Maximum
Variability (Varimax) orthogonal rotation technique was used
to obtain more clear information about the nature of the factors
found as a result of the factor analysis. While evaluating the
factors, items with factor load values of .40 and above were
taken into consideration (Stevens, 2002), but the 14th item
with a factor load value above .40 in factor 3 and factor 5 was
found to be factor 5 with a higher load value by taking expert
opinion. (see Table 3).

According to Table 3, items 6, 8, 10, 11, 13, 16, 17, 26 and
27 under factor 1, items 3, 9, 19, 21, 23 and 28 under factor 2,
1 under factor 3, Items no 5, 7, 12, and 18, items no 15, 24 and
29 under factor 4, and items no 2, 14, 20, and 25 under factor
5 were determined.

According to Table 4, the 1st factor explained 25,790%
of the total variance, the 2nd factor explained 9,129%, the
3rd factor explained 5,408%, the 4th factor 4,663%, and the

Table 3: Factor load values of the items of MAS

5th factor 4,103%. These five factors explained 49.093% of
the total variance. Since the explained variance percentage
is over 30, it is sufficient for the scale (Biiytikoztiirk, 2005).
The factors were named "In-Class", "Nature of Mathematics",
"Problem Solving", "Understanding", "Self-efficacy",
respectively.

To reveal the reliability of the scale, the Cronbach Alpha
internal consistency coefficient was calculated. The Cronbach
Alpha coefficient was found to be .880 for all items. Cronbach's
alpha values were calculated in its sub-factors and shown in
Table 5. Since these values are greater than the suggested value
of .7, the scale is reliable (Nunnally, 1978).

Findings of Examining Students' Mathematical
Attitudes in Terms of Various Variables

In this section, there are findings to test whether students'
mathematics attitudes differ statistically according to gender
and grade variables.

Item Factor 1~ Factor2  Factor3  Factor4  Factor5 Table 4: Factors and load values in the results of the
310 717 rotated principal component analysis
S11 1699 Factor  Eigenvalue Variance Percentage  Total Variance Percentage
S16 656 1 6,963 25,790 25,790
S17 654 2 2,465 9,129 34,918
S27 549 3 1,460 5,408 40,327
6 541 4 1,259 4,663 44,990
S8 532 5 1,108 4,103 49,093
S26 ,505
S13 ,447
$19 661 Table 5: Findf{lfsfsft ;Iri Cronfl:f)ia?h Alpha internal
y coethcient
528 D72 Cronbach's Alpha
S9 ,557 Sub-Factors Item Numbers Coefficient
S3 ,530 In-Class 9 ,837
S23 ,525 The Nature of 6 ,735
91 463 Mathematics
S5 691 Problem Solving 5 742
S1 628 Understanding 3 712
7 624 Self-Efficacy 4 787
S12 585 Total 27 ,880
S18 ,549
S15 ,716 Table 6: Scale options weights and limits
S29 ,694 Weight Option Limits
S24 ,553 1 Strongly agree 1,00-1,79
520 ,598 2 T agree 1,80-2,59
S14 ,549 3 I am indecisive 2,60-3,39
S25 ,500 4 I disagree 3,40-4,19
S2 -,425 5 Strongly disagree 4,20-5,00
v180 Pegem Journal of Education and Instruction, ISSN 2146-0655
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Table 7: Students' mathematics attitude scores (n = 328)

Nature of
In-Class Mathematics Problem Solving Understanding Self-efficacy Total
2,2937 2,3252 2,1902 2,2957 2,2188 2,2707
ss ,87154 ,86613 ,90051 ,97937 ,76425 ,65058

Table 8: Independent group t-test findings (female = 170, boy = 158)
applied to the scores of the students
obtained from the whole scale and subscales according to their gender

Sub-Factors Gender X ss p
In-Class Female 2,26 88
,580
Male 2,32 ,85
Nature of Mathematics Female 2,31 ,86 %04
Male 2,33 86 '
Problem Solving Female 2,15 92 452
,45
Male 2,22 87
Understanding Female 2,25 94 301
Male 2,34 1,01 ’
Self-efficacy Female 2,18 ,70 133
Male 2,25 82 ’
Total Female 2,24 ,64
,428
Male 2,30 65

Table) 9: Findings of one-way analysis of variance and
Duncan test of the scores of the students from the whole attitude scale
and its subscales according to their classes

4th 5th 6th 7th 8th P value
grade grade grade  grade grade
In-Class 221 214 224 245 237 0.188
Nature of 252 2.00° 2.17%° 243 241> 0.003
Mathematics
Problem 1774 1.95* 1.90° 261> 263°  0.000
Solving
Understanding  2.05* 1.89* 2.18* 269 2.54°  0.000
Self-efficacy 215 223 203 228 239 0.119
Total 2174 206 2.13° 248> 2.45°  0.000

In the questionnaire, which was scaled in a five-point
Likert type, the students were asked to indicate the items by
giving a score between 1 and 5. The interval width of the scale
(string width/number of groups to be made) was calculated
with the formula, and the options and limits of the scale are
shown in Table 6.

Based on the answers given by the students to the MAS,
the mathematics attitude scores they got on the whole scale
and in the sub-scales are shown in Table 7.

Based on the answers given by the students to the MAS
in Table 7, it was seen that the attitudes of the students were
positive and they agreed with the statements in the whole scale
and the sub-scales.

Table 8 shows the data regarding the independent group
t-test applied to the average scores of the students in the scale
and sub-scales according to their gender.

When Table 8 is analyzed, no statistically significant
difference at p <0.05 level was found in the independent group
t-test for the mean attitude according to the gender variable
in the whole scale and its subscales. Besides, girls' averages of
attitude are more positive than boys on the whole scale and
in subscales.

In Table 9, the one-way analysis of variance applied to the
average scores of the students from the scale and subscales
according to their classes, and the findings of the Duncan test
to determine which groups caused the difference as a result
of this analysis.

Pegem Journal of Education and Instruction, ISSN 2146-0655

abc: Letters on the same line indicate group differences (P <0.05)

As seen in Table 9, there was no significant difference in
the in-class and self-efficacy subscales. However, a significant
difference was found between the classes on the whole scale and
in other subscales. Classes were divided into 3 groups according
to the answers given by the students like the mathematics
subscale. There are 5th and 6th grades in the first group, 6th,
7th and 8th grades in the second, and 4th, 7th and 8th grades
in the third group. As can be seen, it was seen that the 6th grade
was associated with both the first and the second groups, while
the 7th and 8th graders were associated with the second and
third groups. Also, a significant difference was found between
these 3 groups. In the problem-solving subscale, the answers
given by the students formed more meaningful groups based
on classes. 4th, 5th, and 6th grades constituted the first group,
7th and 8th grades constituted the second group. Besides, a
significant difference was found between the groups. Attitude
scores of 4th, 5th and 6th grades are more positive than 7th
and 8th grades. In the comprehension subscale, the answers
given by the students divided the classes into 2 subgroups, and
a difference was found between these groups. Parallel to the
problem-solving subscale, 4th, 5th and 6th graders constituted
the first group, 7th and 8th graders constituted the second
group. It was observed that the 4th, 5th and 6th grades had a
more positive attitude towards understanding mathematics.
In the whole of the scale, the classes are again divided into 2
subgroups and a difference was found between these groups.
4th, 5th, and 6th grades constituted the first group, 7th and
8th grades constituted the second group. It was observed that
4th, 5th, and 6th graders had more positive attitudes than 7th
and 8th graders.
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Discussion

In this study, 5-grade Likert-type MAS was developed to
determine the attitudes of primary and secondary school
students towards mathematics. The MAS, which initially
consisted of 29 items, was made up of 27 items after two
items were removed after the analysis. The KMO value of
the scale was calculated as (.888), and the Cronbach Alpha
coefficient was found to be .880 for all items and over 0.7 for
the subscales. As a result of the factor analysis, it was seen that
the items of the scale reflected the dimensions of "In-Class,
The Nature of Mathematics, Problem Solving, Understanding,
and Self-Efficacy”. According to the findings, it was concluded
that the MAS has a reliable structure that measures the
attitudes of primary and secondary school students towards
mathematics and has a measurement validity consisting of five
sub-dimensions. This result, unlike the mathematics attitude
scales in the literatiire (Yenilmez, 2007; Ganley & Vasilyeva,
2011), provided a broader perspective in determining students'
attitudes towards mathematics with more comprehensive
and up-to-date sub-dimensions. In addition, the validity and
reliability studies of the developed MAS in its use at different
times will help the measurement tool to have a more valid and
reliable structure.

According to the results obtained by applying the scale, it
can be said that students’ mathematics attitudes, in general,
show a positive trend in the whole scale and the subscales. This
resultis in line with the results of the study by Dowker, Bennett
& Smith (2012). However, it was revealed that the mathematics
attitudes of the students did not differ significantly in terms
of gender variable. Tocci & Engelhard (1991) suggested that
there is a significant relationship between mathematics attitude
and gender variables in their study in which they investigated
the relationship of mathematics attitudes with mathematics
achievement, parental support, and gender. They stated that the
idea that mathematics is a male job played a major role in the
formation of this difference. In the current study, the fact that
the students were smaller individuals might have prevented
them from displaying a sexist attitude in their perspective on
mathematics. Therefore, this result supports the importance of
younger ages for the formation of mathematical attitudes in a
healthy way. In addition, it was observed that the mean attitude
of girls was more positive than boys in the whole scale and its
subscales. Similarly, studies have shown that female students
have more positive attitudes towards mathematics than male
students (Yenilmez, 2007; Ganley & Vasilyeva, 2011).

Another result that emerged with the application of the
scale is that students' mathematics attitudes do not differ in
class level in terms of in-class and self-efficacy subscales, but
there is a significant difference in other subscales and the entire
scale. The fact that there is no significant difference between
class levels in terms of in-class attitude and self-efficacy
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may indicate that primary and secondary school students'
perceptions of mathematics are similar. The difference revealed
in the dimension of the nature of mathematics may be because
mathematics is a product of the human mind due to its nature
and because it is a science-based on the discovery, the lower
students' feelings of curiosity prevail and they are more open
to exploration. It can be said that the most important reason
for the significant difference between classes in terms of class
level in problem-solving and comprehension sub-dimensions
is the mathematics curriculum. The 7th and 8th-grade
mathematics curriculum deals with solving equations and
algebraic expressions in more detail. For this reason, the
mathematics attitudes of the students in upper grades are
more negative than the students in lower grades. Similarly, it
can be interpreted that after the 6th grade, the subjects in the
7th and 8th-grade mathematics curriculum consist of difficult
to understand and more abstract subjects, negatively affecting
the attitudes of 7th and 8th-grade students. The reason for the
significant difference occurring in the whole scale is that the
mathematics curriculum is heavier and more abstract after
the 6th grade, as stated in other subscales. Also, it can be
interpreted that the 7th and 8th-grade mathematics curriculum
is not compatible with the mental development of the students.
In similar studies, it was observed that with the increase in
grade level, a decrease was observed in the attitude scores of
students studying in the second grade of primary education
towards mathematics (Tagsdemir, 2009). A study by Baykul
(1990); reveals that students' attitudes towards mathematics and
science lessons constantly change negatively in the fifth grade
of the primary school towards the last grades of high school
and equivalent schools. Altun (1995), in his research on 3rd,
4th, and 5th-grade primary school students, states that there is
a decrease in attitudes towards mathematics as the grade level
increases. Asaresult of the comparison between grade levels, it
was found that 5th-grade students have a more positive attitude
towards mathematics than 8th-grade students. This result can
be attributed to the fact that the curriculum of mathematics
lessons in the second level of primary education is more
complex and at a level that may be difficult (Yenilmez, 2007).
Asaresult, the secondary school mathematics curriculum can
be simplified considering that there is a significant difference in
students' mathematics attitudes in terms of grade level.
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Smifmrz
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Agaidali ankette matematik dersi ile ilgili kevzlenma mlzm | 3 g 2 E ZE |22
cimleler venlmigtir. Comlalen dikkatlice okuyarak yamndalki > - 3 i 3 > ;@

kutocuklars ‘X' igareti koyunuz

1. Matematik kendimi rahat hissetmemi sadlar.

2. Matematik benim igin en kodkuns derstis.

3. Matematik dersine sirmaden once uzeun oluyorm

4. Matematik en sevdigim denty,

5. Matematik singvisnndan her zaman kodienm

6. Matematik problemi ¢ozmelk bani her zaman memnun ader.

7. Evde matematik odevimi vaparken silalivorem.

§_ Matsmatik berim igin bay snmide.

0. Matematik dersinds sor: sormaktan korksnm

10. Ofretmen matematik sorusu sordufunds aklim duruvar.

11. Matematik ogrenmaktan zavk aivorum

12. Matematik bana sikaa gelivor.

13. Matematifi ileriki yaganmda kullanacamen diginivonm

14. Matematik kafem ksnstiavar.

15, Matemank konulsnm anlsmads silam vazsnm

16. Bir arkadanioin hana matematik ile ilgilibis sonu sorman beni
kodoutur

17. Matemanik 1l ilgili bir ovuna kanlmava iseklivem.

18. Matematik ile ilgili sobbatm vapikh s ortamlera girmelk
istemem.

1¢. Bagkalsnmn vaminda sihinden iglem yapmaktan kordomam.

20. Adcadanima matematikle ilgili b gevler anlstmalktan gekinmm

21. Bir matemanik problemmi denklem kursrak cozmekten nafret
aderim.

22. Dot iglem gerektiren matematik sorulsnm sevenim

13. Bir matematik problemi gozdilkten sonra kendim rahatlsmg
hissadenim.

24 Matematik kalimasin duymak bile beni kodasur.

23. Matematik derslerinde tahtava kalkmaltan pafrat ederim

26. Matematik denlerinde simf cigmda olmak istenim

27, Matematik densleninin bitmesin isemem.
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