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ABSTRACT
This study was conducted to develop an instrument with good psychometric properties to measure primary school students' at-
titudes towards mathematics. For this purpose, the screening model was utilised in the research. The form was prepared in the 
form of a five-point Likert scale (Very Unhappy, Unhappy, Neither Happy nor Unhappy, Happy, Very Happy). Visuals were used 
to determine the students' responses on the developed scale, thus making the measurement process more fun and interesting 
for students. We administered the scale to two groups of primary school students and applied exploratory factor analysis (EFA) 
to the data obtained from the first group (n = 576). The results of the EFA revealed that the scale has a one-dimensional struc-
ture consisting of 14 items. The scale was then applied to the second group of elementary school students (n = 347) to confirm 
the single-factor structure through confirmatory factor analysis (CFA). The fit indices calculated during the CFA indicated an 
excellent model fit of the scale. Finally, Cronbach's alpha, McDonald's omega and item-total correlations were calculated for the 
reliability analysis of the scale, and the results yielded considerably high values. The analysis results indicate that the developed 
visual mathematics attitude scale is a highly valid and reliable measurement instrument.

1   |   Introduction

Technological advancements impact both the current state 
and future trajectory of mathematics education (Kılıç  2023; 
Mensah and Ampadu  2024). As such, it is important to note 
that the demands of modern educational environments require 
high-quality mathematics instruction, of which instructional 
technology is an integral part (Corey et al. 2010; Munter 2014; 
Rosenquist et al. 2015).

Despite societal demands, most students perceive mathemat-
ics as difficult, abstract and uninteresting (Serin  2023). When 
students face mathematical problems, a lack of motivation 
or prior experiences often leads them to believe they are poor 
at mathematics before even attempting to solve them. In fact, 
this situation is often attributed to students' attitudes towards 

mathematics rather than a lack of ability (Colomeischi and 
Colomeischi 2015).

Mathematics is no longer regarded as a knowledge system based 
on absolute truths, but as a historical and cultural phenomenon 
that develops in a social context (Gula and Jojo 2024). This per-
spective makes learning processes more meaningful and inclu-
sive by emphasising the social aspect of mathematics. Adopting 
this perspective in mathematics education is made possible by 
culturally responsive mathematics teaching (CRMT). CRMT 
ensures that mathematics is taught in an egalitarian framework 
and supports a student-centred teaching approach that is sensi-
tive to cultural contexts (Celedón-Pattichis et al. 2018).

Culturally responsive teaching is based on sociocultural 
theory, which suggests that it supports the development of 
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mathematical thinking through the use of practices, tools 
and symbols structured in cultural contexts (Vygotsky 1978). 
Vygotsky's  (1978) sociocultural theory provides a powerful 
framework for understanding how learning and teaching 
processes can be related to cultural contexts, and this frame-
work is critical for maximising students' individual and social 
potential.

There are different theoretical approaches to mathemat-
ics attitudes. For example, Bandura's social learning theory 
(Bandura 1986) suggests that students' attitudes towards math-
ematics are shaped by environmental influences, while Piaget's 
cognitive development theory (Piaget  1972) emphasises how 
these attitudes evolve throughout the learning process. In the 
light of these theoretical approaches, the present study addresses 
student attitudes in both a cognitive and sociocultural context.

The importance of cultural responsiveness in mathematics 
teaching is that it enables students to participate more effectively 
in the learning process and increases their learning potential. In 
this context, research on CRMT reveals an important necessity 
to meet the needs of an increasingly diverse student population 
(Abdulrahim and Orosco 2020).

At this point, it is important to consider cultural and individual 
differences when assessing mathematics attitudes in order to 
provide a more inclusive and effective learning environment. In 
addition to the cognitive and emotional components of attitudes, 
students' social contexts should also be taken into consideration.

1.1   |   Conceptual Framework and Related 
Literature

Thurstone  (1967) defines attitude as ‘the sum total of a man's 
inclinations and feelings, prejudice or bias, pre-conceived no-
tions, ideas, fears, threats, and convictions about any specified 
topic.’ Accordingly, attitude is comprised of three components: 
cognitive, emotional and behavioural. (Auzmendi 1992; Gómez 
Chacón 2010). The cognitive component reflects concepts and 
beliefs related to situations or events, while the emotional com-
ponent represents the positive or negative emotions they evoke. 
The behavioural component is related to the behaviours shown 
to the stimuli (as cited in León-Mantero et  al.  2020). Despite 
varying perspectives on attitude, it is widely accepted that atti-
tudes are learned, manifest in individuals' reactions to objects 
or situations, and can be evaluated as either positive or negative 
(Way and Relich 1993; White et al. 2006).

For example, McLeod  (1992) considers the affective areas re-
lated to mathematics in three categories: emotions, attitudes 
and beliefs. Attitude-related frameworks have been handled in 
different ways over the years, such as an all-encompassing term 
(Poffenberger and Norton 1959) and an intermediate term (Leder 
and Grootenboer  2005). However, attitude has since become 
the focus of research on mathematics education (Ngurah and 
Lynch 2013). Attitude has been extensively studied as a promi-
nent concept in both psychology and education. McLeod (1992) 
considered the concept of attitude as a critical part of the emo-
tional factors of mathematics education and introduced a new 
perspective (Colomeischi and Colomeischi 2015; León-Mantero 

et al. 2020). Neale (1969) argues that attitude is crucial in learn-
ing mathematics, defining it as the inclination to like or dislike 
mathematics, the tendency to engage in or avoid mathematical 
activities, and the underlying beliefs about mathematics (as cited 
in Ngurah and Lynch 2013).

According to the Organisation for Economic Cooperation and 
Development (OECD 2003) PISA surveys, which evaluate stu-
dents' knowledge and skills, more than two-thirds of 15-year-old 
students express negative attitudes towards mathematics (Wen 
and Dubé 2022). Additionally, an examination of the mathemat-
ics rankings reveals that Turkey remains below the OECD aver-
ages (OECD  2023). Assessing mathematics attitudes is crucial 
as it can reflect students' prior experiences and influence their 
participation, interest, and performance in learning processes 
(Ma and Kishor  1997; Ngurah and Lynch  2013; Passolunghi 
et al. 2016). Various measurement tools have been developed to 
assess students' attitudes towards mathematics, including the 
Mathematics Attitude Scale (Aiken 1974), the Fennema-Sherman 
Mathematics Attitude Scales (Fennema and Sherman 1976) and 
the Attitude Towards Mathematics Inventory (ATMI; Tapia and 
Marsh 2002).

Most studies on mathematics attitudes are primarily designed for 
middle school students and adults (Dowker et al. 2012; Olivares 
and Ceglie 2020; Wen and Dubé 2022). Considering the impor-
tance of attitude towards mathematics, it is also critical to con-
duct studies related to younger students as early intervention in 
terms of prevention studies (Dowker et al. 2012). Although there 
are few studies on younger students, existing research indicates 
they exhibit positive attitudes (Tizard et al. 2017). However, as 
they enter middle school, a shift towards negative attitudes is 
observed (Biatchford 1996; Wigfield and Meece 1988).

Attitudes towards mathematics are a critical factor that directly 
affects students' academic achievement and their engagement in 
learning processes. However, research shows that there is a lack 
of preparedness to meet the needs of culturally and linguistically 
diverse (CLD) students (Vázquez-Montilla et  al.  2014). Today, 
mathematical learning processes continue to provide education 
without taking into account the cultural aspects of students, 
which prevents students' learning potential from being fully real-
ised (Celedón-Pattichis et al. 2018). This deficiency clearly demon-
strates the importance of developing a sociocultural context to 
make mathematics education more inclusive and effective.

Learning environments that take cultural differences into ac-
count enable students to establish a more positive connection 
with mathematics (Crespo et  al.  2018). Mathematics activities 
that students can associate with their cultural identities can 
increase both their motivation and mathematical achieve-
ment (Moschkovich 2013). In this context, the development of 
measurement tools that take into account students' cultural 
characteristics can positively affect not only their academic 
achievement but also their attitudes towards mathematics.

The use of images and emojis in mathematics attitude scales 
provides meaningful interactions, especially for younger stu-
dents (Kleine et al. 2016). Visuals can trigger students' emotional 
reactions and make their cognitive evaluation processes more 
effective (Mayer and Moreno 2003). The inclusion of culturally 
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sensitive visuals can strengthen students' social and emotional 
bonds and lead to more realistic assessment results. It is import-
ant that the tools developed in line with these needs are designed 
to be culturally sensitive.

1.2   |   Objectives and Hypotheses 
of the Current Study

Although scales exist to examine elementary school students' 
attitudes towards mathematics (Gulburnu and Yildirim  2021; 
Olivares and Ceglie  2020; Tezer and Özcan  2015), Interactive 
and game-based techniques are particularly essential for engag-
ing young students (Kellett 2011). Visual support in the scales is 
crucial for acknowledging that students differ from adults and 
for facilitating their involvement in the data collection process 
(Kleine et al. 2016).

Moreover, one of the key aspects that distinguishes the 
Mathematics Scale with Visuals from other scales is its design 
featuring the ‘Keloğlan’ visual, which aligns with children's cul-
tural contexts. The environments in which students live differ 
significantly. These differences may influence students' active 
participation in the scale and, consequently, the quality of the 
scores obtained (Kleine et al. 2016).

When conducting research with younger children, it is essen-
tial to use appropriate data collection tools, specifically de-
signing child-friendly measurement instruments that reflect 
their familiar surroundings and align with their interests 
(Punch 2002). Another important issue is the contextualisation 
of questions so that children can answer more easily. As such, 
it is recommended that visual representations be utilised as 
response categories to enhance students' understanding of the 
scale (Johnston 2008). There are different studies on the use of 
visual representations (Bourai et al. 1997; Loughry et al. 2005; 
Rossiter 1977). Accordingly, Bourai et al. (1997) employed stair-
case visuals, Rossiter  (1977) utilised thumbs-up and thumbs-
down visuals, and Loughry et al. (2005) incorporated triangles 
of varying sizes in their scales designed as triple Likert scales.

In recent years, researchers have utilised emojis (Alismail and 
Zhang 2018; Fane et al.  2018; O'Brien 2016) and animated vi-
suals (Li et  al.  2024) in the design of data collection tools. 
Particularly in educational research, it is noted that emojis pos-
itively influence learning outcomes (Brody and Caldwell 2019; 
Dunlap et  al.  2016). When collecting data from younger age 
groups, using culturally appropriate (Kleine et al. 2016) and fa-
miliar images (McCulloch  2019) is regarded as advantageous. 
Massey  (2022) used a scale related to emojis to examine the 
attitudes of 8- and 9-year-olds towards mathematics, the first 
stage of which was to select emojis and the second stage was to 
draw. Their reason for using emojis here is to obtain more valid 
and reliable research results in the digital age. Their research 
concludes that the developed tool is both valid and reliable. Li 
et al. (2024) advanced the use of emojis by developing a Likert-
type animated scale specifically for children aged 7 to 14.

Affective factors such as students' interests, beliefs, emotions, 
and attitudes are important in mathematics learning processes 
(Ngurah and Lynch  2013). It is possible to say that cognitive 

factors are not the only factors that determine success in math-
ematics teaching and learning. Measurement tools are also 
necessary for a thorough examination of emotional factors 
(León-Mantero et al. 2020).

Attitude is a multidimensional structure consisting of cogni-
tive, emotional and behavioural components (Thurstone  1967; 
Auzmendi 1992). In the context of mathematics education, at-
titude directly affects students' perception, learning and appli-
cation of mathematics (McLeod 1992). Neale (1969) emphasised 
that attitude determines the tendency to enjoy or avoid math-
ematics. The visuals used in the scale are an effective tool to 
support these components. At the cognitive level, they concre-
tise mathematical concepts; at the affective level, they increase 
students' interest and motivation; and at the behavioural level, 
they encourage students' active participation. This theoretical 
basis suggests that the Visualised Mathematics Attitude Scale 
offers an innovative approach to measuring students' attitudes.

Quality educational processes in mathematics education 
should not be considered independent of culture (Robertson 
and Graven 2020; Thomas et al. 2024). When the measurement 
tools developed to provide quality mathematics education envi-
ronments were examined, it was determined that they varied 
in terms of their focus on classroom climate and mathematics 
teaching (Charalambous and Praetorius 2018). Moreover, each 
assessment tool reflects the cultural values and priorities of the 
region in which it was developed. For example, instruments 
used in Western countries may emphasise teacher–student and 
student–student interactions while ignoring other active partic-
ipation methods and ways of generating different ideas (Gökçe 
et al. 2021; Xu and Clarke 2019).

The choice of images was justified on the basis of students' level 
of familiarity and relevance to local contexts (Kleine et al. 2016). 
The use of culturally meaningful figures such as Keloğlan 
strengthens students' emotional connection to the scale and 
increases participation. This is in line with the contribution 
of familiar visuals to the data collection process, which is also 
emphasised by McCulloch (2019). This study differs from exist-
ing tools in terms of integrating visual elements in a culturally 
context-sensitive manner. In addition to the digital innovations 
provided by animated scales (Li et  al.  2024) and emoji-based 
scales, in this study, cultural context is considered to play an 
important role as it is integrated into mathematics attitude mea-
sures. In the literature, cultural relevance has been ignored in 
most of the scales for younger age groups. This study aims to 
overcome this deficiency and presents a scale enriched with cul-
tural elements.

The importance of this study lies in the fact that it presents a 
Visualised Mathematics Attitude Scale developed by consider-
ing cultural sensitivity in mathematics teaching and individual 
differences of students. This scale aims not only to measure stu-
dents' attitudes towards mathematics, but also to increase stu-
dents' interest in learning by making this measurement fun and 
engaging. The findings will enable teachers to design a more 
inclusive and effective mathematics education and shed light on 
practices to increase student achievement. Therefore, the study 
aims to make significant contributions to both theoretical and 
applied educational literature.
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In this context, this study aims to develop and validate an 
instrument with robust psychometric properties to measure 
primary school students' attitudes towards mathematics. 
The research questions to be addressed in the study are out-
lined below:

1.	 Is the developed ‘Visualized Scale of Attitude towards 
Mathematics’ valid to measure elementary school students' 
attitudes towards mathematics?

2.	 Is the developed ‘Visualized Scale of Attitude towards 
Mathematics’ reliable to measure elementary school stu-
dents' attitudes towards mathematics?

2   |   Method

This study employed a screening model to develop a valid 
and reliable scale for assessing elementary school students' 
attitudes towards mathematics. According to Karasar (2009), 
screening models aim to describe a situation that existed in 
the past or still exists, an event that is the subject of research, 
an individual or an object as it exists in its own conditions. 
The primary feature distinguishing this research from other 
attitude scales is its use of a visually based measurement tool 
with strong psychometric properties, specifically designed 
for elementary students to express their attitudes towards 
mathematics.

2.1   |   Study Group

Given the impact of socioeconomic status on students' access 
to educational materials and study habits, it was deemed es-
sential to include participants from diverse socioeconomic 
backgrounds in the study group. Due to the lack of official data 
on the socioeconomic levels of schools in Turkey, expert opin-
ions are used to classify schools according to socioeconomic 
levels (Alan and Atalay Kabasakal 2020; Ilhan et al. 2022). In 
this context, we gathered input from eight teachers and four 
school administrators. In line with the opinions, the schools 
in the Aksaray provincial center are divided into three groups: 
low, middle and high socioeconomic levels. The study's data 
were collected from four schools representing three different 
socioeconomic levels. Additionally, a balanced sample was 
ensured by distributing students across four different grade 
levels (1st through 4th).

The characteristics of the students whose data were collected 
during the scale development process are presented in two sepa-
rate tables: one for the EFA sample (n = 576) and another for the 
CFA sample (n = 347). For EFA and CFA, data were collected in 
two sessions, spaced 4 weeks apart, ensuring no overlap of stu-
dents from the same schools across the sample groups. Table 1 
presents the demographic characteristics of students included in 
the exploratory factor analysis (EFA).

A total of 576 students participated in the study. This sam-
ple shows diversity in terms of demographic characteristics 
such as school, class, gender and number of siblings. The dis-
tribution of participants across schools is as follows: School 
1 had 85 students (14.8%), School 2 had 214 students (37.2%), 

School 3 had 161 students (28.0%) and School 4 had 116 stu-
dents (20.1%). In terms of grade distribution, there were 142 
students (24.7%) from 1st grade, 146 students (25.3%) from 2nd 
grade, 143 students (24.8%) from 3rd grade and 145 students 
(25.2%) from 4th grade. In terms of gender distribution, 303 
girls (52.6%) and 273 boys (47.4%) were included in the study. 
Regarding the number of siblings, there are 30 students with 
no siblings (5.2%), 252 students with one sibling (43.8%), 167 
students with two siblings (29.0%), 84 students with three sib-
lings (14.6%) and 43 students with four or more siblings (7.5%). 
The demographic characteristics of the students included 
in the confirmatory factor analysis (CFA) are presented in 
Table 2.

A total of 347 students participated in the study. This sample 
shows diversity in terms of demographic characteristics such as 
school, class, gender and number of siblings. The distribution 
of participants across schools is as follows: School 1 had 55 stu-
dents (15.9%), School 2 had 128 students (36.9%), School 3 had 82 
students (23.6%) and School 4 had 82 students (23.6%). In terms 
of class distribution, there were 87 students (25.1%) from the 
1st grade, 85 students (24.5%) from the 2nd grade, 87 students 
(25.1%) from the 3rd grade and 88 students (25.4%) from the 4th 
grade. Regarding gender distribution, 173 girls (49.9%) and 174 
boys (50.1%) were included in the study. Considering the num-
ber of siblings, 42 students (12.1%) had no siblings, 160 students 
(46.1%) had one sibling, 88 students (25.4%) had two siblings, 39 

TABLE 1    |    Demographic characteristics of the students included in 
the exploratory factor analysis.

Demographics Frequency Percentage

School

School (1) 85 14.8

School (2) 214 37.2

School (3) 161 28.0

School (4) 116 20.1

Class (grade)

1st grade 142 24.7

2nd grade 146 25.3

3rd grade 143 24.8

4st grade 145 25.2

Gender

Female 303 52.6

Male 273 47.4

Siblings

None 30 5.2

1 sibling 252 43.8

2 siblings 167 29.0

3 siblings 84 14.6

4 siblings and above 43 7.5
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students (11.2%) had three siblings, and 18 students (5.2%) had 
four or more siblings.

2.2   |   Data Collection Tool

During the development process, the principles of scale devel-
opment were adhered to, including defining the measurement 
tool's objectives, outlining its characteristics, creating an item 
pool, obtaining expert opinions, conducting pilot tests and revi-
sions, ensuring the scale's validity and reliability and evaluating 
the items (see Figure 1). These principles provide a systematic 
approach to scale development and ensure that measurement 
tools are valid and reliable (DeVellis 2016).

After reviewing the literature, visuals were created to tailor 
the scale for the development of primary school students. In 
selecting the animations for the visuals, Keloğlan, a character 
from an ancient Turkish fairy tale, was chosen to ensure cul-
tural relevance. The animation drawing was carried out in 
cooperation with a graphic designer and a field expert, and pro-
fessional design software (Adobe Illustrator) was used in the 
animation process. An original animated drawing of Keloğlan 
was created for the visual representation. Animation-related ad-
justments were made in collaboration with field experts, and a 
pilot study was conducted to ensure that the facial expressions 
effectively represented the desired features. For example, facial 

expressions representing positive and negative emotional states 
(Very Unhappy, Unhappy, Neither Happy nor Unhappy, Happy, 
Very Happy) were determined, and the effects of these expres-
sions on student responses were analysed in a pilot study. In the 
pilot study, students' responses to the facial expressions were 
observed, and necessary adjustments were made to the visuals 
based on these responses.

At this point, only the face image was included in the scale to 
enhance its usefulness and avoid distracting elements that could 
arise from the full image of the bald boy (see Figure 2). After 
the final arrangements were made regarding the visuals, the 
item pool was created. We gathered feedback and suggestions 
from three field experts and a measurement and evaluation ex-
pert regarding the 20-item pool developed. Following the feed-
back received, we revised and combined the items, leading to 
the removal of several items from the scale. In this direction, we 
created the first draft of the scale with a total of 14 items. After 
the pilot application, validity and reliability analyses were con-
ducted. The pilot implementation process was applied to a group 
of 50 students from schools with different socioeconomic levels 
in order to evaluate the measurement tool in terms of language, 
content and visual adequacy. In the pilot study, the compre-
hensibility of the visuals given to the students and the connec-
tions established with the attitude statements were observed. 
According to the results of the pilot study, some statements and 
visual options were edited.

The Data Analysis and Findings section provides detailed in-
formation regarding the validity and reliability analyses. In 
the research, the ‘Experiment Form for the Visualized Scale of 
Attitude towards Mathematics’ was employed as the data col-
lection tool to assess the mathematics attitudes of elementary 
school students. The ‘Trial Form for the Visualized Scale of 
Attitude towards Mathematics’ used for data collection in the 
study, was finalised following a thorough literature review and 
consultations with experts. The scale form consists of 14 items. 
The items are designed to gauge students' reactions by having 
them select visuals that they find most appropriate.

2.3   |   Data Collection

Ethics Committee permissions were obtained before the data 
collection process started. After completing the ethical ap-
proval process, the necessary permits for data collection were 
obtained from the Aksaray Provincial Directorate of National 
Education. Following the obtaining the necessary permissions 
for data collection, interviews were conducted with the school 
administration and teachers. Before the data collection process 
began, a schedule was developed for data collection through in-
terviews with the teachers. The applications were carried out 
in a classroom environment where students could feel more 
comfortable. During the scale application, no feedback was 
provided to prevent students from feeling that their responses 
were correct or incorrect. In this collective data collection pro-
cess, the Experiment Form for the Visualised Scale of Attitude 
towards Mathematics was administered to students in each 
class as a group, with the researcher acting solely as an observer 
and providing brief explanations when necessary. The collected 
data was transferred to the SPSS program, and codes were used 

TABLE 2    |    Demographic characteristics of the students included in 
the confirmatory factor analysis.

Demographics Frequency Percentage

School

School (1) 55 15.9

School (2) 128 36.9

School (3) 82 23.6

School (4) 82 23.6

Class (Grade)

1st grade 87 25.1

2nd grade 85 24.5

3rd grade 87 25.1

4st grade 88 25.4

Gender

Female 173 49.9

Male 174 50.1

Siblings

None 42 12.1

1 sibling 160 46.1

2 siblings 88 25.4

3 siblings 39 11.2

4 siblings and above 18 5.2
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instead of names in order to protect the confidentiality of the 
students.

2.4   |   Data Analysis

In analysing the data obtained from the research, EFA was con-
ducted first, followed by CFA. To assess the suitability of both data 
sets for analysis, loss data analysis was initially conducted using 
Little's MCAR test in SPSS. The results showed that there was 
no bias in missing data for both the EFA sample (Χ2 = 230.842; 
SD = 217; p = 0.247) and the CFA sample (Χ2 = 74.055; SD = 87; 

p = 0.837). As the data loss rate in both data sets was below 5%, 
missing data were excluded from the analysis. Outlier analysis 
was performed for both data sets, and it was determined that the 
standardised z scores ranged between +/− 3. In addition, skew-
ness (EFA = 1.068, CFA = −1.137) and kurtosis (EFA = 0.861, 
CFA = 0.499) coefficients were calculated for both data groups. 
These findings indicate that the total scores for both data sets 
follow a normal distribution. Additionally, detailed analyses for 
each item in both groups were conducted, showing that item av-
erages generally fluctuate just below and above 4. For example, 
for the EFA sample, the mean and median of the T1 item were 
calculated as 4.014 and 4.00, respectively; the skewness value 

FIGURE 2    |    Item and image sample of the Visualised Scale of Attitude towards Mathematics.

FIGURE 1    |    Principles of scale development.
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was −0.992 and the kurtosis value was 0.105. When the factor 
loadings were analysed, the items with the highest factor load-
ings were T2 (0.820), T7 (0.799) and T1 (0.798), while the lowest 
factor loading was observed in item T13 (0.661). Tabachnick and 
Fidell (2007) stated that the factor loadings of the items with fac-
tor loadings of 0.32 and above are poor, 0.45 and above are mod-
erate, 0.55 and above are good, 0.63 and above are very good, 
and the factor loadings of the items above 0.071 are excellent. It 
can be said that the item factor loadings of the items of the scale 
are good and can be evidence for construct validity.

Similar detailed analyses for each item in both groups revealed 
generally negative skewness values, indicating that scores were 
skewed towards higher values. Kurtosis values are low, which in-
dicates that the scores show a flatter distribution than the normal 
distribution. While skewness and kurtosis coefficients are zero in 
a perfectly symmetric normal distribution, values between ±2 for 
both skewness and kurtosis are generally interpreted as indicating 
no significant deviation from normality (Bachman 2004).

The KMO value, obtained prior to the EFA, was found to be 
0.949, indicating sampling adequacy. The minimum acceptable 
KMO value for factor analysis is 0.60 (Kaiser 1974). Accordingly, 
the data set has a sufficient sample size for EFA (Kaiser and 
Rice 1974). Bartlett's test of sphericity result is meaningful. This 
means that the inter-item correlations are appropriate for EFA 
(Tabachnick and Fidell 2007: 614). Based on the results, the scale 
items underwent rotation, factor loadings were examined, and 
the principal components analysis of the scale was conducted.

In the second part of the study, CFA was conducted through the 
AMOS software to test and verify the factor structures obtained 
from the EFA. CFA is a highly developed technique that is based 
on testing theories about latent variables and is preferred for use 
in advanced research (Tabachnick and Fidell 2001). The validity 
of the obtained factor structures was tested using this method 
(Özdamar 2016). Additionally, for criterion validity, correlations 
were examined between the scale data and students' responses 
to the items ‘How much do you like mathematics?’ and ‘How 
successful do you find yourself in mathematics?’ rated on a scale 
from 0 (not at all) to 10 (very much) in the personal informa-
tion form. Finally, reliability analyses of the structures obtained 
after both exploratory and CFA were performed. In this direc-
tion, Cronbachs' Alpha, Mc Donalds Omega and item total cor-
relations were calculated.

3   |   Findings

This section presents the results of the exploratory and con-
firmatory factor analyses for the Attitude towards Visual 
Mathematics Scale, along with the findings for criterion validity 
and reliability analyses.

3.1   |   Findings for the EFA

To determine the construct validity of the scale, EFA was ini-
tially conducted, resulting in a single-factor structure. Table 3 
presents the factor loadings of the obtained single-factor struc-
ture and the explained variance.

Table  3 reveals that the scale, consisting of 14 items, exhibits 
a one-dimensional structure. Analysis of the factor loadings 
indicated that they ranged from 0.661 to 0.820. Furthermore, 
the 14-item one-dimensional structure was found to explain 
56.806% of the total variance. Since the total variance explained 
is more than 50% and the factor loadings of the items are greater 
than 0.45, it can be said that the Visualised Scale of Attitude to-
wards Mathematics meets the appropriate conditions for EFA 
(Büyüköztürk 2011). In addition, the scree plot graph given in 
Figure 3 also confirms the single-factor structure of the scale.

3.2   |   Confirmatory Factor Analysis Results

CFA was performed for the validity of the Visualised Scale of 
Attitude towards Mathematics. The findings obtained as a result 
of the analysis are presented in detail below (Figure 4).

Upon examining the model, it was found that all standardised 
path coefficients were statistically significant, ranging from 
0.63 to 0.85, with all path coefficients exceeding 0.40. Hair et al. 
(2014) reported that when item factor loadings were between 
0.30 and 0.40, they met the minimum level for interpretation, 
when they were 0.50 or greater, they were considered significant 
in practice, and when they exceeded 0.70, they were indicative of 
a well-defined structure. Under these conditions, all factor load-
ings are well above the acceptable cut-off value. Upon examining 
the model fit indices (χ2/df = 1.744; p < 0.001; RMSEA = 0.046; 
CFI = 0.98; TLI = 0.98; GFI = 0.95; AGFI = 0.93; NFI = 0.96; 
RMR = 0.031; SRMR = 0.027; IFI = 0.98), it was determined that 
the values indicated an excellent fit (Brown 2015; Hooper et al. 
2008; Kline 2011; Schermelleh-Engel et al. 2003), leading to the 
conclusion that the proposed model was validated.

TABLE 3    |    The structure of the sub-dimension of the Visualised 
Scale of Attitude towards Mathematics and the results of the EFA.

Items Factor ladings
Explained 

variance (%)

Attitude T2 0.820 56.806

T7 0.799

T1 0.798

T6 0.785

T5 0.778

T11 0.770

T4 0.768

T9 0.740

T3 0.733

T8 0.727

T12 0.726

T14 0.719

T10 0.713

T13 0.661
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3.3   |   The Criterion Validity Study of the Visualised 
Scale of Attitude Towards Mathematics

To assess the criterion validity of the scale, students were asked 
the questions ‘How much do you like mathematics?’ and ‘How 
successful do you find yourself in mathematics?’ on a scale from 
0 (not at all) to 10 (very much), and the correlations between 
their responses and the scale scores were analysed. Positive and 
high correlations were found between the Visual Mathematics 
Attitude Scale and students' enjoyment of mathematics (r = 0.74; 

p = 0.000) as well as their self-perceived success in mathemat-
ics (r = 0.66; p = 0.000). Based on these results, it can be con-
cluded that the criterion validity of the Attitude towards Visual 
Mathematics Scale is at a relatively high level.

3.4   |   Findings Regarding the Reliability 
of the Scale

As part of the reliability analyses, the Cronbach's alpha value and 
adjusted item-total correlation values were calculated to assess 
the internal consistency of the scale. In addition to calculating the 
Cronbach's alpha value for construct reliability, it is also recom-
mended to calculate the composite reliability (CR) value and for 
convergent validity, it is recommended to calculate the average 
variance explained (AVE) value as well as determining the factor 
loadings with CFA (Hair et al. 2009). Cronbach's Alpha and CR 
are expected to be ≥ 0.70 and AVE is expected to be ≥ 0.50 (Fornell 
and Larcker 1981, 39–50). The calculated internal consistency re-
liability values, CR value and AVE value are presented in Table 4.

According to Table 4, the Cronbach's alpha (α) value was calcu-
lated to be 0.94, while McDonald's omega value was determined 
to be 0.95. Since these values are greater than the acceptable 
value of 0.70, the scale is found to be highly reliable (Altunışık 
et  al.  2012, 124.). Additionally, the corrected item-total cor-
relations ranged from a low of 0.637 to a high of 0.821, signifi-
cantly exceeding the minimum threshold of 0.30 (Brown 2015). 
Moreover, with a CR value of 0.95 and an AVE value of 0.56, it 
can be concluded that both internal consistency reliability and 
convergent validity were achieved. These results, along with 
others obtained thus far, demonstrate that the one-dimensional 
structure of the Attitude towards Visual Mathematics Scale, 
comprising 14 items, is a highly valid and reliable instrument.

4   |   Discussion

While technological developments were initially slow in the 
21st century, there is currently a rapid pace of change. There 
is no doubt that interest, predisposition and investment in 

FIGURE 3    |    The screeplot graph.

FIGURE 4    |    Confirmatory factor analysis diagram for the Visualised 
Scale of Attitude towards Mathematics.
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mathematics play a crucial role at the core of rapid technological 
change. Although developed countries are keeping up with this 
change process more easily, developing countries have started to 
show more interest in mathematics-related research (Engelbrecht 
and Borba 2024; Leoste et al. 2022). From the perspective of sus-
tainable development goals, early mastery of mathematics and 
positive student attitudes effectively combine the social, psycho-
logical and educational dimensions of mathematics, fostering a 
multidimensional mathematical culture. When students internal-
ise mathematics, they can evaluate the social, ecological and eco-
nomic dimensions of global development and critically address 
political problems (Said et  al.  2024). All of these underline the 
importance of detecting students' attitudes about mathematics at 
an early age and taking precautions. Technological developments 
have begun to influence evaluation methods alongside their im-
pact on mathematics education. Accordingly, Likert-type scales 
are reliable and practical, and in recent years, the use of emojis, 
visuals, or animated scales has increased in response to needs 
arising from digitalisation (Kılıç et al. 2021).

In this context, the primary aim of the research is to design a 
valid and reliable measurement tool to assess children's attitudes 
towards mathematics. In this study, the ‘unified validity model’ 
(Messick 1995, 1998) was employed to develop a valid and reli-
able measurement tool. In this model, validity is defined as ‘data 
and information that allows us to make meaningful comments 
on scores or findings for a specific purpose and at a specific time’ 
(Downing  2003, 836). Especially in measurement tools where 
abstract characteristics such as ‘attitude’ are evaluated, it is 
necessary to collect a large amount of evidence to ensure struc-
tural validity, that is, to interpret the scores (Cronbach  1988; 
Messick 1998).

Content, result, meaning, structural and factorial validity 
analyses were performed to ensure the structural validity and 

reliability of the scale. To put it another way, this study was con-
ducted to develop a psychometrically powerful measurement 
tool to measure elementary school students' attitudes about 
mathematics and to verify this through item creation, expert 
evaluations, pilot studies and analyses. The validity and reliabil-
ity of the scale were explained by these processes together with 
the results of the analysis.

The analysis process began by assessing the data's suitability 
for factor analysis, revealing that the missing data were not sig-
nificant and followed a normal distribution. The results of the 
Little MCAR test showed that the lost data were random and 
minimal, allowing these cases to be removed from the data 
set. Moreover, both data sets (EFA and CFA) exhibited a nor-
mal distribution with skewness and kurtosis values within the 
acceptable range (±2) (Bachman 2004). This situation supports 
that advanced-level analyses such as EFACFA can be performed 
with reliable data.

The EFA results show that the scale has a robust factor struc-
ture. The KMO value of 0.949 and a significant Bartlett's test of 
sphericity indicated that the data set was appropriate for factor 
analysis (Kaiser  1974; Tabachnick and Fidell  2007). High fac-
tor loadings, ranging from 0.661 to 0.820, were identified, ac-
counting for 56% of the total variance explained. As stated by 
Büyüköztürk (2011), the explanation of variance of more than 
50% indicates a solid factor structure.

The CFA results confirmed the factor structure obtained 
from the EFA. All fit indices (Χ2/SD = 1.744, RMSEA = 0.046, 
CFI = 0.98, TLI = 0.98, GFI = 0.95) indicate an excellent model 
fit (Brown 2015; Hooper et  al. 2008; Kline 2011; Schermelleh-
Engel et al. 2003). These results strongly support the construct 
validity of the scale and show that the factor structure is valid 
across different samples.

TABLE 4    |    Reliability analysis results forVisualised Scale of Attitude towards Mathematics (after CFA).

Item Corrected item-total correlation Cronbach's alpha McDonald's omega CR AVE

T1 0.767 0.94 0.95 0.95 0.56

T2 0.740

T3 0.637

T4 0.784

T5 0.681

T6 0.821

T7 0.772

T8 0.812

T9 0.643

T10 0.672

T11 0.660

T12 0.722

T13 0.638

T14 0.742
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The criterion validity of the scale was examined by correlations 
between students' scale scores and their ‘liking mathematics’ 
and ‘finding themselves successful in mathematics’. The ob-
tained high and significant correlations (r = 0.74 and r = 0.66) 
show that the scale effectively measures students' attitudes to 
mathematics. These results reinforce that the scale offers signif-
icant and valid measurements.

A Cronbach's alpha value of 0.94 and a McDonald's omega value 
of 0.95 indicate excellent internal consistency; these values are 
well above the accepted limit of 0.70 (Altunışık et  al.  2012). 
In addition, item-total correlations ranged between 0.637 and 
0.821, indicating that all items contributed positively to the 
scale. The CR value was calculated as 0.95, and the AVE value 
was calculated as 0.56; these values indicate that the internal 
consistency reliability and convergent validity of the scale are 
achieved (Fornell and Larcker 1981).

In the process of developing the scale, all the items included 
in one dimension were examined in detail and no item was 
removed from the scale. Analysis of the correlations of the de-
veloped 14-item scale demonstrated that it is a suitable tool for 
measuring students' attitudes towards mathematics. When we 
look at the first studies on attitudes towards mathematics, we 
can see that mathematics attitude is defined by the dimensions 
of ‘enjoyment’, ‘self-efficacy’ and ‘anxiety’ (Neale 1969), ‘enjoy-
ment’, ‘self-efficacy’, ‘self-worth’, ‘intrinsic motivation’, ‘anxiety’ 
and ‘moral judgement’ (Aiken 1970, 1972) and ‘enjoyment’, ‘self-
efficacy’, ‘intrinsic motivation’ and ‘anxiety’ (Blackweir 2016; 
Fennema and Sherman 1976).

In studies examining attitudes towards mathematics, the fact 
that measurement tools are not organised according to the con-
texts, age groups, interests and cultures to be measured prevents 
accurate results. When evaluating attitudes towards mathemat-
ics, it is necessary to proceed meticulously in accordance with 
the principles of scale development (Blackweir 2016). To assess 
the mathematical attitudes of elementary school students, the 
GMTAS scale is a measurement tool with good psychometric 
properties that has been designed with visuals in accordance 
with the interests of students (McCulloch  2019), their culture 
(Kleine et  al.  2016) and the requirements of the age (Kılıç 
et al. 2021) and has been developed by collecting a large num-
ber of pieces of evidence for construct validity (Cronbach 1988; 
Messick 1998).

The scale developed in this study fills the gaps left by existing in-
struments in several ways. Firstly, the visual structure can better 
direct the perception and attention of young students. Secondly, 
the design of the scale builds a bridge between mathematics 
education and cultural elements, allowing students to evaluate 
mathematics in a more meaningful context. This approach is in 
line with Robertson and Graven (2020) and Thomas et al. (2024) 
who suggest that quality mathematics education cannot be con-
sidered independent of cultural contexts.

The developed Visualised Mathematics Attitude Scale is a unique 
tool that assesses both students' attitudes towards mathematics 
and their interaction with cultural context. The appropriateness 
of the scale to cultural contexts not only increases the interest 
of students but also provides more valid and reliable data for 

educational research. In this context, the enriched structure of 
the scale with cultural elements contributes to a more inclusive 
mathematics education.

The Visualised Mathematics Attitude Scale is not only limited 
to measuring students' attitudes towards mathematics, but also 
has the potential to be adapted for use in different contexts and 
cultures. Since the visual elements of the scale were designed 
with cultural appropriateness and familiarity in mind, recon-
figuring these elements in different geographical and cultural 
contexts can increase the validity of the scale. For example, re-
placing local figures such as ‘Keloğlan’ with figures recognised 
and loved in other cultures may increase students' interest and 
connectivity to the scale.

In this study, the survey model was preferred; however, with 
the use of longitudinal methods or mixed designs, students' atti-
tude changes over time can be examined more comprehensively. 
Longitudinal studies can also be conducted to understand the 
long-term effects of students' cultural differences.

In addition, integrating the scale with educational technologies 
can support its applicability in digital learning environments. 
For example, the use of animated visuals and digital response 
systems can make the measurement process more interactive 
and accessible. This will allow the scale to be used effectively 
not only in traditional classroom settings but also in online ed-
ucation processes.

In order to apply this scale effectively, a short orientation training 
for the researchers who will apply the scale before the applica-
tion can ensure the correct and effective use of visual elements. 
In order to minimise the effect of students' perceptual and cul-
tural differences on the research results, it is recommended to 
conduct a pilot study before the application. These recommenda-
tions will support the effective and comprehensive application of 
the scale and will enable more inclusive and meaningful results 
to be obtained in mathematics education.

One of the biggest obstacles encountered in the dissemination of 
culturally responsive practices in mathematics stems from the 
political structure of education (Sleeter 2012). Therefore, imple-
menting a mathematics teaching approach that takes into ac-
count cultural contexts and is sensitive to the different learning 
needs of students should be one of the main goals of mathemat-
ics education (Abdulrahim and Orosco 2020).

Educational policy makers, teacher educators, professional de-
velopment specialists and researchers should focus on training 
teachers who are equipped to effectively integrate cultural con-
texts into the mathematics learning process. Such an approach 
not only increases academic achievement but also transforms 
mathematics education into a more inclusive and meaningful 
structure by including students' individual and social identities 
in the learning process.

4.1   |   Limitations

The results of the study show that the developed attitude scale 
is usable, reliable and quite acceptable. Construct validity was 
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provided by the mutual correlations of the scale items, item-total 
correlations, EFA and CFA. However, our sample consisted pri-
marily of elementary school students selected from a specific 
geographical region and institution, which potentially limits the 
generalisability of our findings to a more diverse population. 
In addition, since primary school education in our country is 
4 years and these years cover the age range of 7–10 years, the 
possibility of conducting the research in higher age groups is 
presented as another limitation.

In this study, although the diversity of the socioeconomic groups 
from which the data were collected was ensured, the fact that the 
participants were only from a certain city is a limitation in terms 
of generalisability. In addition, the differences in the understand-
ing of the visuals by the students were taken into consideration 
during the application process of the scale. Therefore, it was ac-
cepted as a limitation that the meaning of the visuals and expres-
sions should be tested on larger groups in a cultural context.

Ethics Statement

Necessary permissions were obtained in accordance with the let-
ter of Aksaray University Ethics Committee dated 27.05.2024 and 
numbered E-57528460-755.02.01-00000948828 and the letter of 
Aksaray Provincial Directorate of National Education numbered 
E-76490249-605.01-103391839.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

The datasets analyzed during the current study are available from the 
corresponding author upon reasonable request.

References

Abdulrahim, N. A., and M. J. Orosco. 2020. “Culturally Responsive 
Mathematics Teaching: A Research Synthesis.” Urban Review 52, no. 1: 
1–25. https://​doi.​org/​10.​1007/​s1125​6-​019-​00509​-​2.

Aiken, L. R., Jr. 1970. “Attitudes Toward Mathematics.” Review of 
Educational Research 40, no. 4: 551–596.

Aiken, L. R., Jr. 1972. “Language Factors in Learning Mathematics.” 
Review of Educational Research 42, no. 3: 359–385.

Aiken, L. R. 1974. “Two Scales of Attitude Toward Mathematics.” 
Journal for Research in Mathematics Education 5, no. 2: 67–71. https://​
doi.​org/​10.​2307/​748616.

Alan, Ü., and K. Atalay Kabasakal. 2020. “Effect of Number of Response 
Options on the Psychometric Properties of Likert-Type Scales Used With 
Children.” Studies in Educational Evaluation 66: 100895.

Alismail, S., and H. Zhang. 2018. “The Use of Emoji in Electronic User 
Experience Questionnaire: An Exploratory Case Study.” In Proceedings 
of the 51st Hawaii International Conference on System Sciences, 
Kristiansand, 3366–3375. https://​doi.​org/​10.​24251/​​HICSS.​2018.​427.

Altunışık, R., R. Coşkun, S. Bayraktaroğlu, and E. Yıldırım. 2012. 
Sosyal Bilimlerde Araştırma Yöntemleri SPSS Uygulamalı, Sakarya 
Yayıncılık, 7. Baskı, Sakarya.

Auzmendi, E. 1992. Las Actitudes Hacia la Matemática-Estadística en 
las Enseñanzas Media y Universitaria. Características y medición. Ed 
Mensajero.

Bachman, L. F. 2004. Statistical Analyses for Language Assessment 
Book. Cambridge University Press.

Bandura, A. 1986. Social Foundations of Thought and Action: A Social 
Cognitive Theory. Prentice-Hall.

Biatchford, P. 1996. “Pupils' Views on School Work and School From 7 to 
16 Years.” Research Papers in Education 11, no. 3: 263–288. https://​doi.​
org/​10.​1080/​02671​52960​110305.

Blackweir, J. 2016. Attitudes towards mathematics: Development and 
validation of an online, semantically differentiated, visual analogue 
scale. Thesis and Coursework of The University of Western Australia.

Bourai, V. A., S. R. Bahadur, K. M. Panwa, and K. M. Mishra. 1997. 
“Props for Research.” PLA Notes 28: 91–92.

Brody, N., and L. Caldwell. 2019. “Cues Filtered in, Cues Filtered out, 
Cues Cute, and Cues Grotesque: Teaching Mediated Communication 
With Emoji Pictionary.” Communication Teacher 33, no. 2: 127–131. 
https://​doi.​org/​10.​1080/​17404​622.​2017.​1401730.

Brown, T. A. 2015. Confirmatory Factor Analysis for Applied Research. 
Guilford Publications.

Büyüköztürk, Ş. 2011. Veri analizi el kitabı. Pegem Akademi.

Celedón-Pattichis, S., L. L. Borden, S. J. Pape, et  al. 2018. “Asset-
Based Approaches to Equitable Mathematics Education Research and 
Practice.” Journal for Research in Mathematics Education 49, no. 4: 373–
389. https://​doi.​org/​10.​5951/​jrese​mathe​duc.​49.4.​0373.

Charalambous, C. Y., and A. K. Praetorius. 2018. “Studying 
Mathematics Instruction Through Different Lenses: Setting the Ground 
for Understanding Instructional Quality More Comprehensively.” ZDM 
50: 355–366. https://​doi.​org/​10.​1007/​s1185​8-​018-​0914-​8.

Colomeischi, A. A., and T. Colomeischi. 2015. “The Students' Emotional 
Life and Their Attitude Toward Mathematics Learning.” Procedia-
Social and Behavioral Sciences 180: 744–750. https://​doi.​org/​10.​1016/j.​
sbspro.​2015.​02.​192.

Corey, D. L., B. E. Peterson, B. M. Lewis, and J. Bukarau. 2010. “Are 
There Any Places That Students Use Their Heads? Principles of High-
Quality Japanese Mathematics Instruction.” Journal for Research in 
Mathematics Education 41, no. 5: 438–478. https://​doi.​org/​10.​5951/​jrese​
mathe​duc.​41.5.​0438.

Crespo, S., S. Celedon-Pattichis, and M. Civil, eds. 2018. Access and 
Equity: Promoting High Quality Mathematics in Grades 3–5. National 
Council of Teachers of Mathematics.

Cronbach, L. J. 1988. “Five Perspectives on Validity Argument.” In Test 
Validity, edited by H. Wainer and H. I. Braun, 3–17. Erlbaum.

DeVellis, R. F. 2016. Scale Development: Theory and Applications. Sage.

Dowker, A., K. Bennett, and L. Smith. 2012. “Attitudes to Mathematics 
in Primary School Children.” Child Development Research 2012, no. 1: 
1–8. https://​doi.​org/​10.​1155/​2012/​124939.

Downing, S. M. 2003. “Validity: On the Meaningful Interpretation of 
Assessment Data.” Medical Education 37: 830–837. https://​doi.​org/​10.​
1046/j.​1365-​2923.​2003.​01594.​x.

Dunlap, J. C., D. Bose, P. R. Lowenthal, C. S. York, M. Atkinson, and J. 
Murtagh. 2016. “Chapter 8—What Sunshine Is to Flowers: A Literature 
Review on the Use of Emoticons to Support Online Learning.” In 
Emotions Technology Design & Learning, 163–182. https://​doi.​org/​10.​
1016/​B978-​0-​12-​80185​6-​9.​00008​-​6.

Engelbrecht, J., and M. C. Borba. 2024. “Recent Developments in Using 
Digital Technology in Mathematics Education.” ZDM Mathematics 
Education 56, no. 2: 281–292. https://​doi.​org/​10.​1007/​s1185​8-​023-​01530​-​2.

Fane, J., C. MacDougall, J. Jovanovic, G. Redmond, and L. Gibbs. 
2018. “Exploring the Use of Emoji as a Visual Research Method for 
Eliciting Young children's Voices in Childhood Research.” Early Child 

 14653435, 2025, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ejed.70072 by T

urkey C
ochrane E

vidence A
id, W

iley O
nline L

ibrary on [16/10/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1007/s11256-019-00509-2
https://doi.org/10.2307/748616
https://doi.org/10.2307/748616
https://doi.org/10.24251/HICSS.2018.427
https://doi.org/10.1080/0267152960110305
https://doi.org/10.1080/0267152960110305
https://doi.org/10.1080/17404622.2017.1401730
https://doi.org/10.5951/jresematheduc.49.4.0373
https://doi.org/10.1007/s11858-018-0914-8
https://doi.org/10.1016/j.sbspro.2015.02.192
https://doi.org/10.1016/j.sbspro.2015.02.192
https://doi.org/10.5951/jresematheduc.41.5.0438
https://doi.org/10.5951/jresematheduc.41.5.0438
https://doi.org/10.1155/2012/124939
https://doi.org/10.1046/j.1365-2923.2003.01594.x
https://doi.org/10.1046/j.1365-2923.2003.01594.x
https://doi.org/10.1016/B978-0-12-801856-9.00008-6
https://doi.org/10.1016/B978-0-12-801856-9.00008-6
https://doi.org/10.1007/s11858-023-01530-2


12 of 13 European Journal of Education, 2025

Development and Care 188, no. 3: 359–374. https://​doi.​org/​10.​1080/​
03004​430.​2016.​1219730.

Fennema, E., and J. A. Sherman. 1976. “Fennema-Sherman Mathematics 
Attitudes Scales: Instruments Designed to Measure Attitudes Toward 
the Learning of Mathematics by Females and Males.” Journal for 
Research in Mathematics Education 7, no. 5: 324–326. https://​doi.​org/​
10.​2307/​748467.

Gökçe, S., G. Berberoğlu, C. S. Wells, and S. G. Sireci. 2021. “Linguistic 
Distance and Translation Differential Item Functioning on Trends in 
International Mathematics and Science Study Mathematics Assessment 
Items.” Journal of Psychoeducational Assessment 39, no. 6: 728–745. 
https://​doi.​org/​10.​1177/​07342​82921​1010537.

Gómez Chacón, I. M. 2010. “Matemática Emocional: Los Afectos en el 
Aprendizaje Matemático.”

Gula, Z., and Z. Jojo. 2024. “Harnessing Indigenous Knowledge for 
Teaching of Mathematics for Sustainable Development in Rural Situated 
Primary Schools.” African Journal of Research in Mathematics, Science 
and Technology Education 28, no. 3: 404–421. https://​doi.​org/​10.​1080/​
18117​295.​2024.​2424696.

Gulburnu, M., and K. Yildirim. 2021. “Development and Implementation 
of Mathematics Attitudes Scale for the Primary and Secondary 
Students.” Pegem Journal of Education and Instruction 11, no. 4: 177–
184. https://​doi.​org/​10.​47750/​​pegeg​og.​11.​04.​17.

Hair, J. F., W. C. Black, B. J. Babin, and R. E. Anderson. 2009. 
Multivariate Data Analysis. 7th ed, 708–710. Prentice-Hall, Inc.

Hair, J. F., Jr., M. L. da Silva Gabriel, and V. K. Patel. 2014. “Modelagem 
de Equações Estruturais Baseada em Covariância (CB-SEM) com o 
AMOS: Orientações sobre a sua aplicação como uma Ferramenta de 
Pesquisa de Marketing.” Revista Brasileira de Marketing 13, no. 2: 44–
55. https://​doi.​org/​10.​5585/​remark.​v13i2.​2718.

Hooper, D., J. Coughlan, and M. Mullen. 2008. “Evaluating Model 
Fit: A Synthesis of the Structural Equation Modelling Literature.” In 
7th European Conference on Research Methodology for Business and 
Management Studies (Vol. 2008, No. 2, 195–200).

Ilhan, M., G. Taşdelen Teker, N. Güler, and Ö. Ergenekon. 2022. “Effects of 
Category Labeling With Emojis on Likert-Type Scales on the Psychometric 
Properties of Measurements.” Journal of Psychoeducational Assessment 
40, no. 2: 221–237. https://​doi.​org/​10.​1177/​07342​82921​1047677.

Johnston, J. 2008. “Methods, Tools and Instruments for Use With 
Children.”

Kaiser, H. F. 1974. “An Index of Factorial Simplicity.” Psychometrika 39: 
31–36.

Kaiser, H. F., and J. Rice. 1974. “Little jiffy, mark IV.” Educational and 
Psychological Measurement 34, no. 1: 111–117.

Karasar, N. 2009. Bilimsel Araştırma Yöntemi, 20. Baskı, Nobel Yayın 
Dağıtım, Ankara.

Kellett, M. 2011. “Researching With and for Children and Young 
People.” Centre for Children and Young People Background Briefing 
Series, (5).

Kılıç, A. F., İ. Uysal, and B. Kalkan. 2021. “An Alternative to Likert 
Scale: Emoji.” Journal of Measurement and Evaluation in Education and 
Psychology 12, no. 2: 182–191. https://​doi.​org/​10.​21031/​​epod.​864336.

Kılıç, R. 2023. “Broadening the Perspectives of Primary School 
Mathematics: Past, Present and Further.” Education and Information 
Technologies 28, no. 3: 3329–3357. https://​doi.​org/​10.​1007/​s1063​9-​022-​
11302​-​2.

Kleine, D., G. Pearson, and S. Poveda. 2016. Participatory Methods: 
Engaging children's Voices and Experiences in Research. Global Kids 
Online.

Kline, R. B. 2011. Principles and Practice of Structural Equation 
Modeling. Guilford Press.

Fornell, C., and D. F. Larcker. 1981. “Evaluating Structural Equation 
Models With Unobservable Variables and Measurement Error.” Journal 
of Marketing Research 18, no. 1: 39–50. https://​doi.​org/​10.​1177/​00222​
43781​01800104.

Leder, G. C., and P. Grootenboer. 2005. “Editorial: Affect and 
Mathematics Education.” Mathematics Education Research Journal 17, 
no. 2: 1–8. https://​doi.​org/​10.​1007/​BF032​17413​.

León-Mantero, C., J. C. Casas-Rosal, C. Pedrosa-Jesús, and A. Maz 
Machado. 2020. “Measuring Attitude Towards Mathematics Using 
Likert Scale Surveys: The Weighted Average.” PLoS One 15: 1–15. 
https://​doi.​org/​10.​1371/​journ​al.​pone.​0239626.

Leoste, J., E. Tõnisson, and A. Ugaste. 2022. “Enhancing Digital Skills 
of Early Childhood Teachers Through Online Science, Technology, 
Engineering, Art, Math Training Programs in Estonia.” Frontiers in 
Education 7: 894142. https://​www.​front​iersin.​org/​artic​les/​10.​3389/​
feduc.​2022.​894142/​full.

Li, J., T. Zuo, E. Van Der Spek, and J. Hu. 2024. “Animated Scale: 
Adaption of the Motivational Scale for User Testing with Children.” 
In Extended Abstracts of the CHI Conference on Human Factors in 
Computing Systems. 1-6.

Loughry, M., C. Macmullin, C. Eyber, et  al. 2005. Assessing Afghan 
Children's Psychosocial Well-Being: A Multi-Modal Study of Intervention 
Outcomes. (Unpublished Report). CCF, Oxford University, Queen 
Margaret University. http://​www.​force​dmigr​ation.​org.

Ma, X., and N. Kishor. 1997. “Assessing the Relationship Between 
Attitude Toward Mathematics and Achievement in Mathematics: A 
Meta-Analysis.” Journal for Research in Mathematics Education 28, no. 
1: 26–47. https://​doi.​org/​10.​2307/​749662.

Massey, S. 2022. “Using Emojis and Drawings in Surveys to Measure 
children's Attitudes to Mathematics.” International Journal of Social 
Research Methodology 25, no. 6: 877–889. https://​doi.​org/​10.​1080/​13645​
579.​2021.​1940774.

Mayer, R. E., and R. Moreno. 2003. “Nine Ways to Reduce Cognitive 
Load in Multimedia Learning.” Educational Psychologist 38, no. 1: 43–
52. https://​doi.​org/​10.​1207/​S1532​6985E​P3801_​6.

McCulloch, G. 2019. Children are Using Emoji for Digital-Age Language 
Learning. Wired [Online]. https://​www.​wired.​com/​story/​​child​ren-​
emoji​-​langu​age-​learn​ing/​.

McLeod, D. B. 1992. “Research on Affect in Mathematics Education: 
A Reconceptualisation.” In Handbook of Research on Mathematics 
Learning and Teaching, edited by D. A. Grouws, 575–596. Macmillan.

Mensah, F. S., and E. Ampadu. 2024. “Benefits, Challenges and 
Opportunities of Using Computer-Assisted Instruction in Mathematics 
Education.” In IoT, AI, and ICT for Educational Applications: Technologies 
to Enable Education for all, 31–49. Springer Nature Switzerland.

Messick, S. 1995. “Validity of Psychological Assessment: Validation of 
Inferences From persons' Responses and Performances as Scientific 
Inquiry Into Score Meaning.” American Psychologist 50: 741–749. 
https://​doi.​org/​10.​1037/​0003-​066X.​50.9.​741.

Messick, S. 1998. “Test Validity: A Matter of Consequences.” Social 
Indicators Research 45: 35–44. https://​doi.​org/​10.​1023/A:​10069​
64925094.

Moschkovich, J. 2013. “Equitable Practices in Mathematics Classrooms: 
Research-Based Recommendations.” Teaching for Excellence and Equity 
in Mathematics 5(1).

Munter, C. 2014. “Developing Visions of High-Quality Mathematics 
Instruction.” Journal for Research in Mathematics Education 45, no. 5: 
584–635.

Neale, D. 1969. “Focus on Research: The Role of Attitudes in Learning 
Mathematics.” Arithmetic Teacher 16, no. 8: 631–641. https://​doi.​org/​10.​
5951/​AT.​16.8.​0631.

 14653435, 2025, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ejed.70072 by T

urkey C
ochrane E

vidence A
id, W

iley O
nline L

ibrary on [16/10/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1080/03004430.2016.1219730
https://doi.org/10.1080/03004430.2016.1219730
https://doi.org/10.2307/748467
https://doi.org/10.2307/748467
https://doi.org/10.1177/07342829211010537
https://doi.org/10.1080/18117295.2024.2424696
https://doi.org/10.1080/18117295.2024.2424696
https://doi.org/10.47750/pegegog.11.04.17
https://doi.org/10.5585/remark.v13i2.2718
https://doi.org/10.1177/07342829211047677
https://doi.org/10.21031/epod.864336
https://doi.org/10.1007/s10639-022-11302-2
https://doi.org/10.1007/s10639-022-11302-2
https://doi.org/10.1177/002224378101800104
https://doi.org/10.1177/002224378101800104
https://doi.org/10.1007/BF03217413
https://doi.org/10.1371/journal.pone.0239626
https://www.frontiersin.org/articles/10.3389/feduc.2022.894142/full
https://www.frontiersin.org/articles/10.3389/feduc.2022.894142/full
http://www.forcedmigration.org
https://doi.org/10.2307/749662
https://doi.org/10.1080/13645579.2021.1940774
https://doi.org/10.1080/13645579.2021.1940774
https://doi.org/10.1207/S15326985EP3801_6
https://www.wired.com/story/children-emoji-language-learning/
https://www.wired.com/story/children-emoji-language-learning/
https://doi.org/10.1037/0003-066X.50.9.741
https://doi.org/10.1023/A:1006964925094
https://doi.org/10.1023/A:1006964925094
https://doi.org/10.5951/AT.16.8.0631
https://doi.org/10.5951/AT.16.8.0631


13 of 13

Ngurah, A. A. M. I. G., and D. P. Lynch. 2013. “A Confirmatory Factor 
Analysis of Attitudes Toward Mathematics Inventory (ATMI).” 
Mathematics Educator 15, no. 1: 121–135.

O'Brien, G. 2016. The Word on the Street is Not a Word: It's an [Online]. 
http://​www.​digit​alame​rica.​org/​the-​word-​on-​the-​stree​t-​is-​nota-​word-​
its-​an-​grace​-​obrien/​.

OECD. 2003. OECD Annual Report 2003. OECD Publishing. https://​doi.​
org/​10.​1787/​annre​p-​2003-​en.

OECD. 2023. Pisa 2022 Results (Volume 1): The State of Learning and 
Equity in Education, PISA. OECD Publishing.

Olivares, V., and R. J. Ceglie. 2020. “The Intergenerational Transmission 
of Mathematics Attitudes.” International Journal of Education in 
Mathematics, Science and Technology 8, no. 2: 76–91. https://​doi.​org/​10.​
46328/​​ijemst.​v8i2.​741.

Özdamar, K. 2016. Eğitim, sağlık ve davranış bilimlerinde ölçek ve test 
geliştirme yapısal eşitlik modellemesi. Nisan.

Passolunghi, M. C., S. Caviola, R. De Agostini, C. Perin, and I. C. 
Mammarella. 2016. “Mathematics Anxiety, Working Memory, and 
Mathematics Performance in Secondary-School Children.” Frontiers in 
Psychology 7: 42.

Piaget, J. 1972. The Psychology of the Child. Basic Books.

Poffenberger, T., and D. Norton. 1959. “Factors in the Formation of 
Attitudes Toward Mathematics.” Journal of Educational Research 52, 
no. 5: 171–176. https://​doi.​org/​10.​1080/​00220​671.​1959.​10882562.

Punch, S. 2002. “Research With Children: The Same or Different From 
Research With Adults?” Childhood 9, no. 3: 321–341. https://​doi.​org/​10.​
1177/​09075​68202​00900​3045.

Robertson, S. A., and M. Graven. 2020. “Language as an Including or 
Excluding Factor in Mathematics Teaching and Learning.” Mathematics 
Education Research Journal 32, no. 1: 77–101. https://​doi.​org/​10.​1007/​
s1339​4-​019-​00302​-​0.

Rosenquist, B. A., E. C. Henrick, and T. M. Smith. 2015. “Research–
Practice Partnerships to Support the Development of High Quality 
Mathematics Instruction for all Students.” Journal of Education for 
Students Placed at Risk (JESPAR) 20, no. 1–2: 42–57.

Rossiter, J. R. 1977. “Reliability of a Short Test Measuring Children's 
Attitudes Toward TV Commercials.” Journal of Consumer Research 3, 
no. 4: 179–184. https://​doi.​org/​10.​1086/​208666.

Said, Z., N. Mansour, A. Abu-Tineh, M. Cevik, and I. Al-Naimi. 2024. 
“Mapping of K-12 Science and Mathematics Curriculum Against 
Sustainable Development Goals and Addressing Sustainability Gap.” 
Cogent Education 11, no. 1: 2393066. https://​doi.​org/​10.​1080/​23311​86X.​
2024.​2393066.

Schermelleh-Engel, K., H. Moosbrugger, and H. Müller. 2003. 
“Evaluating the Fit of Structural Equation Models: Tests of Significance 
and Descriptive Goodness-of-Fit Measures.” Methods of Psychological 
Research Online 8, no. 2: 23–74.

Serin, H. 2023. “The Significance of Mathematical Literacy in Today's 
Society.” International Journal of Social Sciences & Educational Studies 
10, no. 2: 396–402. https://​doi.​org/​10.​23918/​​ijsses.​v10i2​p396.

Sleeter, C. E. 2012. “Confronting the Marginalization of Culturally 
Responsive Pedagogy.” Urban Education 47, no. 3: 562–584. https://​doi.​
org/​10.​1177/​00420​85911​431472.

Tabachnick, B. G., and L. S. Fidell. 2001. Using Multivariate Statistics. 
4th ed. Allyn & Bacon.

Tabachnick, B. G., and L. S. Fidell. 2007. Experimental Designs Using 
ANOVA. Duxbury.

Tapia, M., and G. E. Marsh. 2002. “Confirmatory Factor Analysis of the 
Attitudes toward Mathematics Inventory.”

Tezer, M., and D. Özcan. 2015. “A Study of the Validity and Reliability 
of a Mathematics Lesson Attitude Scale and Student Attitudes.” Eurasia 
Journal of Mathematics, Science and Technology Education 11, no. 2: 
371–379. https://​doi.​org/​10.​12973/​​euras​ia.​2015.​1349a​.

Thomas, C. A., R. Q. Berry III, and R. Sebastian. 2024. “Examining the 
Elements of Culturally Relevant Pedagogy Captured and Missed in a 
Measure of High-Quality Mathematics Instruction.” ZDM Mathematics 
Education 56: 1–12. https://​doi.​org/​10.​1007/​s1185​8-​024-​01595​-​7.

Thurstone, L. 1967. Attitudes Can be Measured, Readings in Attitude 
Theory an Measurement, edited by M. Fishbein. John Wiley and Sons.

Tizard, B., P. Blatchford, J. Burke, C. Farquhar, and I. Plewis. 2017. 
Young Children at School in the Inner City. Routledge. https://​doi.​org/​
10.​4324/​97813​15210216.

Vázquez-Montilla, E., M. Just, and R. Triscari. 2014. “Teachers' 
Dispositions and Beliefs About Cultural and Linguistic Diversity.” 
Universal Journal of Educational Research 2: 577–587. https://​doi.​org/​
10.​13189/​​ujer.​2014.​020806.

Vygotsky, L. S. 1978. Mind and Society. Harvard University Press.

Way, J., and J. Relich. 1993. “Development of Positive Attitudes to 
Mathematics: The Perspective of Pre-Service Teachers.” In Contexts in 
Mathematics Education, edited by B. Atweh, C. Kanes, M. Carss, and G. 
Booker, 581–586. MERGA.

Wen, R., and A. K. Dubé. 2022. “A Systematic Review of Secondary 
students' Attitudes Towards Mathematics and Its Relations With 
Mathematics Achievement.” Journal of Numerical Cognition 8, no. 2: 
295–325. https://​doi.​org/​10.​5964/​jnc.​7937.

White, A., J. Way, B. Perry, and B. Southwell. 2006. “Mathematical 
Attitudes, Beliefs and Achievement in Pre-Service Mathematics 
Teacher Education.” Mathematics Teacher Education and Development 
7, no. 2006: 33–52.

Wigfield, A., and J. L. Meece. 1988. “Math Anxiety in Elementary and 
Secondary School Students.” Journal of Educational Psychology 80, no. 
2: 210–216. https://​doi.​org/​10.​1037/​0022-​0663.​80.2.​210.

Xu, L., and D. Clarke. 2019. “Speaking or Not Speaking as a Cultural 
Practice: Analysis of Mathematics Classroom Discourse in Shanghai, 
Seoul, and Melbourne.” Educational Studies in Mathematics 102: 127–
146. https://​doi.​org/​10.​1007/​s1064​9-​019-​09901​-​x.

 14653435, 2025, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ejed.70072 by T

urkey C
ochrane E

vidence A
id, W

iley O
nline L

ibrary on [16/10/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

http://www.digitalamerica.org/the-word-on-the-street-is-nota-word-its-an-grace-obrien/
http://www.digitalamerica.org/the-word-on-the-street-is-nota-word-its-an-grace-obrien/
https://doi.org/10.1787/annrep-2003-en
https://doi.org/10.1787/annrep-2003-en
https://doi.org/10.46328/ijemst.v8i2.741
https://doi.org/10.46328/ijemst.v8i2.741
https://doi.org/10.1080/00220671.1959.10882562
https://doi.org/10.1177/0907568202009003045
https://doi.org/10.1177/0907568202009003045
https://doi.org/10.1007/s13394-019-00302-0
https://doi.org/10.1007/s13394-019-00302-0
https://doi.org/10.1086/208666
https://doi.org/10.1080/2331186X.2024.2393066
https://doi.org/10.1080/2331186X.2024.2393066
https://doi.org/10.23918/ijsses.v10i2p396
https://doi.org/10.1177/0042085911431472
https://doi.org/10.1177/0042085911431472
https://doi.org/10.12973/eurasia.2015.1349a
https://doi.org/10.1007/s11858-024-01595-7
https://doi.org/10.4324/9781315210216
https://doi.org/10.4324/9781315210216
https://doi.org/10.13189/ujer.2014.020806
https://doi.org/10.13189/ujer.2014.020806
https://doi.org/10.5964/jnc.7937
https://doi.org/10.1037/0022-0663.80.2.210
https://doi.org/10.1007/s10649-019-09901-x

	Visualised Scale of Attitude Towards Mathematics: A Validity and Reliability Study
	ABSTRACT
	1   |   Introduction
	1.1   |   Conceptual Framework and Related Literature
	1.2   |   Objectives and Hypotheses of the Current Study

	2   |   Method
	2.1   |   Study Group
	2.2   |   Data Collection Tool
	2.3   |   Data Collection
	2.4   |   Data Analysis

	3   |   Findings
	3.1   |   Findings for the EFA
	3.2   |   Confirmatory Factor Analysis Results
	3.3   |   The Criterion Validity Study of the Visualised Scale of Attitude Towards Mathematics
	3.4   |   Findings Regarding the Reliability of the Scale

	4   |   Discussion
	4.1   |   Limitations

	Ethics Statement
	Conflicts of Interest
	Data Availability Statement
	References


