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Abstract

Previous research has used various instruments to measure mathematical attitudes, but vali-
dated and reliable tools for Indonesian elementary students are limited. This study aims to fill
this gap by developing an instrument suited to Indonesian elementary students to measure their
mathematical attitudes effectively. Data were collected from 187 students using a Likert scale.
Two experts assessed content validity, examining construct, content, and language aspects. To
test validity and reliability, Exploratory Factor Analysis (EFA) was performed with SPSS 25.0,
followed by Confirmatory Factor Analysis (CFA) using LISREL 10.20. Criteria included a Stan-
dard Loading Factor (SLF) of at least 0.30, a t-value of 1.96 or higher, and construct reliabil-
ity (CR) above 0.70. The analysis showed that 20 items in the instrument met the criteria for
validity and reliability, confirming their suitability for measuring mathematical attitudes. The
Goodness-of-Fit test indicated a strong fit between the theoretical model and the empirical data,
supporting the robustness of the instrument. The developed instrument reliably measures ele-
mentary students” mathematical attitudes, meeting a key need in the field. It aligns well with
Indonesian students’ cultural and educational context, serving as a valuable tool for educators
and researchers.
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1 Introduction

Research on mathematical attitudes has garnered significant attention due to its crucial role in
the learning process. It is important to distinguish between attitudes toward mathematics, which
generally encompass feelings and perceptions about the subject, and the more specific concept of
mathematical attitude. The latter refers to students’ readiness to approach, think about, and en-
gage with mathematical problems in a logical and systematic manner [21]. Mathematical attitude
involves a combination of emotional responses, beliefs, and behaviors toward mathematics [30].
While general attitudes include affective and cognitive responses, mathematical attitude empha-
sizes the cognitive effort put into understanding mathematical concepts, solving problems, and
communicating ideas clearly [3].

Mathematical attitudes play a crucial role in the learning process of mathematics [15]. Pre-
vious studies have highlighted the significant influence of mathematical attitude on academic
achievement, motivation, and students’ overall success in learning mathematics [19]. A positive
mathematical attitude has been shown to increase student engagement, leading to better problem-
solving skills and enhanced persistence in facing mathematical challenges [2]. The importance of
mathematical attitude is also supported by several studies that indicate affective factors play a role
in students’ success in mathematics [14]. Katagiri [21] emphasizes that mathematical thinking is
one aspect influenced by students” attitudes, which can be observed in how students attempt to
solve mathematical problems logically and systematically.

Attitudes toward mathematics encompass a multidimensional construct, including cognitive,
affective, and behavioral components [37]. This attitude can be interpreted as a form of liking,
enjoyment, interest, and belief in one’s mathematical abilities and usefulness [31]. Mathematical
attitudes can be reflected through indications of enthusiasm and sincerity in learning mathemat-
ics, support for the mathematics learning process, adequate knowledge to deal with mathemati-
cal material, curiosity, desire to ask questions, and enthusiasm to develop skills and experience in
mathematics [28]. Katagiri [21] revealed that students’ mathematical attitudes can be observed
through the effort they make when overcoming a mathematical challenge. These efforts are re-
flected in students’ attitudes toward understanding problems, thinking logically, conveying infor-
mation clearly, and seeking better solutions.

Many instruments have been developed to measure mathematical attitudes, such as the Fennema-
Sherman Mathematics Attitudes Scales (FSMAS) and the Mathematics Attitude Scale (MAS).
These tools have been widely used in various studies to assess emotional responses and percep-
tions toward mathematics [12]. However, these instruments tend to focus more on affective as-
pects, such as anxiety, confidence, and enjoyment, without fully capturing the cognitive dimen-
sions of mathematical attitude [25]. Additionally, these instruments were primarily developed in
Western contexts, and their validity and reliability have not been thoroughly tested in culturally
and educationally diverse settings like Indonesia [33].

This lack of contextual adaptation limits the reliability and validity of these instruments across
various educational environments in Indonesia. For instance, FSMAS is designed to assess stu-
dents’ general feelings toward mathematics, but it may not adequately capture students’ cognitive
efforts in logical reasoning, problem-solving, and systematic thinking, which are key elements of
mathematical attitude. Furthermore, these instruments do not fully address the role of cultural
and social factors that may influence students” attitudes and approaches to mathematics [29]. Re-
search has emphasized the importance of establishing the validity and reliability of mathematical
attitude instruments [25] and it is also crucial to highlight that the validity and reliability of in-
struments used to measure mathematical attitudes have not been extensively studied [16].
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Given these limitations, there is an urgent need for a contextually valid and reliable instru-
ment specifically designed to assess mathematical attitudes among elementary school students in
Indonesia. This study seeks to address this gap by developing and validating a new instrument
specifically tailored to measure mathematical attitudes among Indonesian elementary students.
Unlike existing instruments, this tool will incorporate both cognitive and affective dimensions,
making it more suitable for understanding how students approach mathematical problem-solving
within their cultural and educational contexts. Furthermore, the need for this research is also
driven by challenges encountered in factor analysis, which is often faced when measuring mathe-
matical attitudes, particularly on a Likert scale. The high correlation between factors can compli-
cate the creation of accurate statements about students’ mathematical attitudes [24]. By focusing
on validity and reliability, the instrument developed in this study aims to provide a robust tool for
educators and researchers to gain deeper insights into students’ mathematical attitudes and how
these attitudes can be developed to support their learning success.

In conclusion, this research is important not only for enriching the literature on attitudes to-
ward mathematics but also for providing a contextually valid and reliable instrument for educa-
tors and researchers to measure mathematical attitudes in elementary school students. By filling
the gap in existing research and addressing the limitations of previous instruments, this study
contributes to the development of a more accurate tool for assessing mathematical attitudes in
Indonesia.

2 Methods

2.1 Research design

Non-experimental quantitative research with a cross-sectional survey approach was applied
in this study. Cross-sectional surveys are useful for assessing the prevalence of various charac-
teristics, conditions, or behaviors within a population, as they allow researchers to analyze rela-
tionships between different variables without the need for longitudinal data collection [22]. The
study population consisted of fourth-grade elementary school students. The sampling approach
used was convenience sampling, based on the proximity and accessibility of the researchers, and
the survey was conducted online.

Previous studies [12] have highlighted that cultural and linguistic factors significantly affect
the validity and reliability of attitude measurements, emphasizing the need for contextually adapted
instruments for the target population. Therefore, the items in the questionnaire were distributed
in Indonesian to ensure clarity and comprehension for the respondents, who were elementary
school students in Indonesia. Before distributing the questionnaire to students, we ensured that
information about the research purpose and voluntary participation was clearly communicated to
the relevant institutions, parents, and students. All research procedures adhered to ethical guide-
lines for educational research, including confidentiality and parental consent principles.

2.2 Sampling

The sample size was calculated based on the recommendations of Gable and Wolf [9], who
suggest 6 — 10 respondents per item for standard instrument development. Using the lower limit
of six respondents per item and accounting for an anticipated response rate of 75%, the sample
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size was determined as follows:

100
32 items x 6 x = 256, rounded up to 250.

The survey was distributed to 850 students, resulting in a response rate of 74.8% (187 question-
naires returned). In the first section of the collected data, we gathered biographical responses
such as gender and school origin. In the second section, we examined variables relevant to the
research questions. Ultimately, this study involved 84 male students (45%) and 103 female par-
ticipants (55%). A total of 89 participants (47%) were from the western region of Indonesia, 66
participants (35%) were from the central region, and 32 participants (17%) were from the eastern
region of Indonesia.

2.3 Instrument development

The development of the questionnaire items was an iterative process that included both theo-
retical and empirical validation stages [27]. To ensure alignment with the theoretical model, the
initial items were developed through a comprehensive literature review of similar instruments, in-
cluding the Fennema-Sherman Mathematics Attitudes Scales (FSMAS) and the Mathematics At-
titude Scale (MAS), which have been widely used but primarily focus on emotional responses to
mathematics [12]. Theoretical validation was conducted through an extensive review of relevant
literature and consultation with two experts specializing in elementary education and assessment.
This theoretical validation ensured that the instrument was age-appropriate and aligned with the
cognitive abilities of elementary students.

The development of the mathematics attitude questionnaire items was primarily guided by
the basic framework of mathematical attitudes as outlined by Katagiri [21]. There are four main
dimensions: the effort to clearly understand problems, the effort to act logically, the effort to com-
municate information clearly and concisely, and the effort to seek better solutions. These dimen-
sions were selected based on their relevance to students’ cognitive engagement with mathematical
tasks, as they reflect the deeper thinking processes required to systematically solve problems.

For content validation, the Content Validity Index (CVI) was employed, following the proce-
dure recommended by Lynn (1986). Experts rated each item on a scale from 1 (not relevant) to 4
(very relevant). The results showed that the I-CVI for all items ranged from 0.83 to 1.00, indicat-
ing excellent content validity. Meanwhile, the S-CVI, which is the average of all I-CVIs, reached
0.90, exceeding the recommended threshold (0.80), indicating that this questionnaire has strong
content validity.

2.4 Variable measurement

There are four main dimensions, including the effort to clearly understand problems (8 items;
for example, the student’s effort to ask questions), the effort to act logically (8 items; for example,
the effort to think based on relevant data), the effort to communicate information clearly and
concisely (8 items; for example, the effort to organize information in a logical sequence), and the
effort to seek better solutions (8 items; for example, the effort to evaluate thinking results both
objectively and subjectively). The indicators for each dimension of mathematical attitudes are
outlined in Table 1.
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Table 1: Mathematical attitude items.

Dimension — Ttems . >
Positive (+) Negative (—)

The effort to clearly understand problems 1,2,3,4,5 6,7,8,9,10 8

The effort to act logically 11,12,13,14,15 16,17,18,19,20 8

The effort to communicate information clearly and 21, 22,23, 24,25 26,27,28,29,30 8

concisely
The effort to seek better solutions 31,32,33,34,35 36,37,38,39,40 8
Total 16 16 32

2.5 Data analysis

To ensure the credibility of the research results, data analysis was conducted using both EFA
and CFA models. EFA allows researchers to analyze and differentiate the number of common fac-
tors and factor loading patterns from a set of observed variables [36], which can then be tested and
confirmed through CFA [10]. CFA is tools to test the unidimensionality, reliability and validity
of the models [26]. The CFA models fit were examined based on Chi-square statistics, Goodness-
of-Fit Index (GFI), Adjusted Goodness-of-Fit Index (AGFI), Comparative Fit Index (CFI), Incre-
mental Fit Index (IFI), Normed Fit Index (NFI), Tucker Lewis Index (TLI), and Root Mean Square
Error of Approximation (RMSEA) indices (set at 0.05) [20]. The main components used in this
study included the Kaiser-Meyer-Olkin (KMO) value, Bartlett’s test, factor loadings, eigenvalues,
scree plot, and varimax rotation. The Kaiser-Meyer-Olkin Measure of Sampling Adequacy and
Bartlett’s Test of Sphericity were applied to determine whether the data were suitable for factor
analysis. A KMO value above 0.90 is considered excellent, while values between 0.60 and 0.70 are
deemed acceptable [5]. A p—value of less than 0.05 for Bartlett’s test indicates that the data are
not an identity matrix. Eigenvalues greater than one suggest the presence of distinct components.
Additionally, the scree plot was analyzed to confirm the number of dimensions to be retained.
According to Hair et al. (2010), factor loadings greater than 0.50 for each item are considered
significant for validating the questionnaire’s meaning.

Validity testing of the items is conducted utilizing Structural Equation Modeling (SEM) anal-
ysis and Confirmatory Factor Analysis (CFA) through the LISREL 10.20 Full Version software,
which is employed to assess the mathematical attitude instrument model. Observed verification
will be eliminated if the Standard Loading Factor (SLF) analysis value is less than the critical limit
of 0.50. Apart from this critical limit [ 18], Wijayanto [38] suggests that items with loading factors
ranging from 0.30 to less than 0.50 and a t-value of > 1.96 will be retained in the model. Hair
et al [13] assert that a loading factor of > 0.30 is considered a valid criterion in CFA. The testing
technique calculates reliability using the consistency level of the manifestation variable which can
be determined by measuring latent constructs using Construct Reliability (CR). The standard for
accepting reliability, CR > 0.70 [23].

The Root Mean Square Error of Approximation (RMSEA) and the Standardized Root Mean
Square Residual (SRMR) are the two primary measures used to evaluate model fit. Addition-
ally, indicators of model fit such as the Normed Fit Index (NFI), Comparative Fit Index (CFI),
Goodness-of-Fit Index (GFI), and non-NFI or Tucker-Lewis Index (TLI) are also utilized [1]. Pre-
vious research suggested that RMSEA values were below 0.08 [1], and the Standardized Root
Mean Square Residual (SRMR) should be 0.80 [41]. The amount of cut-off value for CFI and NFI
values above 0.95 and 0.80, respectively [40]. CFI and NFI range from 0 to 1, with values closer
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to 1 indicating a stronger relationship between variance and covariance [8]. GFI ranges from 0 to
1, with higher values indicating better fit. While there is no universally agreed cutoff value for
GFI, it is commonly suggested that a GFI value of 0.90 or higher indicates a good model fit [7].
The reference states that in the context of the study, the Tucker-Lewis Index (TLI) limit value for
appropriate suitability is TLI > 0.90 [17]. TLI values greater than one are possible (i.e., a value
of one does not signify a perfect fit, but instead any other fit), and they can be interpreted as an
indication of an excellent model fit [11].

3 Results

The theoretical validity of the mathematical attitude instrument by experts indicates improve-
ment in structure or composition, language usage, and content. Initial items with a total of 40
items, corrected and revised following expert judgment input. The final result of the revision pro-
duces 32 items of valid statements to measure mathematical attitudes according to expert judg-
ment. Some points of note for improvement include correcting sentences in statements containing
compound sentences, improving sentences in items to better fit the grid, the need to eliminating
items because they do not fit the grid. For example, the sentence in the item "I feel proud when I
can solve a math problem without help", the statement does not fit the grid because in this state-
ment there is no indication of student effort, change the redaction of the statement item because
it can make the data biased, and correct the word containing the answer option in the item.

3 | Saya lsuka belajar matematika dan berusaha memahami

konsepnya dengan sungguh-sungguh.

7

3 | Saya berusaha memahami konsep dengan sungguh-sungguh ketika
belajar matematika.

Figure 1: Redaction revision of items.

The analysis to test the fit between the theoretical model and the empirical data was conducted
using Exploratory Factor Analysis (EFA) with IBM SPSS Statistics Version 25.0 and Confirmatory
Factor Analysis (CFA) with the Lisrel 10.20 Full Version program. Item validity testing was per-
formed using Structural Equation Modeling (SEM).

Descriptive analysis for each dimension includes the calculation of the mean, standard devia-

tion (SD), skewness, kurtosis, and intercorrelation. Based on Table 2, the skewness and kurtosis
values for all dimensions and items fall within the range of —3 to +3 when using SEM.
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Table 2: Descriptive analysis.

Dimension Mean SD Skewness Kurtosis 1 2 3 4
Understanding the problem 25.79 4.96 —0.67 -0.05 1 023 0.139 0.002
Act logically 19.20 6.42 0.82 —0.06 1 —0.55"*  —0.080
Convey information 27.59 4.97 —0.09 —0.72 1 0.67**
Understanding the problem 27.36 4.94 —0.25 —0.53 1

** Correlation is significant at the 0.01 level (2-tailed)

The overall items in the dimension have moderate to strong associations (ranging (r = —0.080
tor = 0.67, p < 0.01) all associations less than 0.90 indicate that there is no multicollinearity. The
average score differed in each dimension, with M = 25.79 and SD = 4, 959 for understanding the
problem clearly, M = 19.20 and SD = 6, 420 for efforts to act logically, M = 27.59 and SD = 4, 969
for trying to convey information clearly and concisely, and M = 27.36 and SD = 4, 938 for efforts
to find better solutions.

Table 3: EFA results.

Dimension Items Communalities Eigenvalue % of Variance Loading factorl 2 3 4
Understanding the problem F1I1 0.78 5.71 35.70 0.79
F112 0.80 0.84
F1I3 0.86 0.89
F114 0.88 0.91
F1I5 0.82 0.83
F1I6 0.83 0.83
F117 0.82 0.83
F1I8 0.46 0.67
Act logically F219 0.74 222 13.89 0.72
F2I10 0.93 0.93
F2I11 0.51 0.70
F2I12 0.89 0.91
F2I13 0.88 0.84
F2I14 0.75 0.76
F2I15 0.91 0.90
F2I16 0.76 1.66 10.38 0.74
Understanding the problem F4125 0.80 0.82
F4126 0.63 0.70
F4127 0.24 0.41
F4128 0.92 0.91
F4129 0.82 0.80
F4130 0.53 0.65
F4131 0.92 0.92
F4132 0.51 0.67
Convey information F3117 0.64 1.17 7.32 0.70
F3I18 0.65 0.70
F3I19 0.71 0.74
F3120 0.81 0.83
F3121 0.68 0.72
F3122 0.74 0.74
F3I23 0.73 0.76
F3124 0.83 0.84
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The EFA output recommends that four factors explain 67.29% of the variance. The Kaiser-
Meyer-Olkin Measure of Sampling Adequacy was 0.812, indicating that the sample was appro-
priate, and Bartlett’s Test of Sphericity yielded a p—value of less than 0.001. Therefore, this study
employed KMO, Bartlett’s test, factor loadings, eigenvalues, scree plot, and varimax rotation. Ac-
cording to Table 3, the communalities for the 32 questions ranged from 0.49 to 0.79. The first
factor, explaining 35.7% of the variance, was related to the effort to understand problems clearly.
The second factor, accounting for 13.86% of the variance, was associated with logical reasoning.
The third factor, explaining 10.38% of the variance, was linked to efforts to find better solutions,
and the final factor, explaining 7.32% of the variance, was related to the effort to communicate in-
formation clearly and concisely. Overall, the loading value factor of all items was more than 0.50,
so there was no cross loading in this study. The scree-plot test supports the option of maintaining
four factors; therefore the study maintains four factors (Figure 2).

Scree Plot

Eigenvalue

2 3 4 5 5 T 8 9 0 11 12 13 14 1% 16

Component Number

Figure 2: Scree plot 32 mathematical attitude items.

The mathematical attitude questionnaire instrument was created using Confirmatory Factor
Analysis (CFA), which includes assessing the measurement model, evaluating the structural model,
and testing model fit. The CFA analysis revealed that the instrument comprises 32 valid items, as
shown in Table 4.

Table 4: CFA model loading factor mathematical attitude instrument (Part 1).

Loading factor

Indicator Manifest Error Verification

SLF t-value

F1 F1I1 0.64 8.37 0.59 Valid
F112 0.66 8.78 0.56 Valid
F113 0.57 7.41 0.67 Valid
F114 0.64 8.39 0.59 Valid
F1I5 0.58 7.52 0.66 Valid
Fl1l6 -0.02 -0.25 1.00 Not valid
F117 -0.02 -0.27 1.00 Not valid
F1I8 0.03 0.30 1.00 Not valid

F2 F2I9 0.49 6.45 0.76 Valid
F2I10 0.65 8.90 0.58 Valid
F2I11 0.45 5.85 0.79 Valid
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F2I12 0.62 8.44 0.61 Valid
F2I13 0.62 8.41 0.62 Valid
F2114 0.51 6.67 0.74 Valid
F2I15 0.65 8.98 0.57 Valid
F2I16 0.38 4.88 0.85 Valid
F3 F3I17 0.10 1.15 0.90 Not valid
F3I18 0.13 1.57 0.98 Not valid
F3I19 0.50 6.29 0.75 Valid
F3120 0.62 7.98 0.61 Valid
F3121 0.59 7.46 0.66 Valid
F3122 0.60 7.64 0.64 Valid
F3123 0.62 791 0.62 Valid
F3124 0.12 1.43 0.99 Not valid
F4125 0.41 4.83 0.83 Valid
F4 F4126 0.36 4.17 0.87 Valid
F4127 —-0.01 -0.16 1.00 Not valid
F4128 0.60 724 0.64 Valid
F4129 0.61 7.36 0.62 Valid
F4130 0.38 4.47 0.86 Valid
F4131 0.58 7.08 0.66 Valid
F4132 -012 -134 099 Not valid

The result of calculating Construct Reliability (CR) is 0.89, which shows that the accepted
reliability standard, Construct Reliability (CR) > 0.70.

Figure 3 presents the first-order measurement of CFA with the t-value model, and shows that
8 items do not have significant weight, namely 3 items from indicator 1 (trying to understand
the problem, and the purpose and substance of the problem clearly, by oneself) namely items
number 6, 7 and 8; 3 items from indicator 3 (showing efforts in conveying information clearly and
concisely) namely items number 17,18 and 24 and 2 items from indicator 4 (indicating efforts in
finding a better solution) namely items number 27 and 32.

The results in Figure 3 show that the model depicted is fit (p—value = 0.02237 > «). Based
on the results of LISREL analysis for the mathematical attitude questionnaire instrument in the
figure above, Chi-Square = 520.74 with df = 458, p—value = 0.02237, and RMSEA = 0.027. In
more detail, the results of the model fit test can be seen in Table 5.
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Chi-Square=520.74, di=458, P-value=002237, RMSEA=0.027

Figure 3: Path diagram for first-order CFA.

According to Table 5, there are 4 indices classified as poor fit, 3 indices categorized as marginal
fit, and 5 indices falling under the good fit category. Based on these results, it can be concluded
that the overall model fit is good fit.
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Table 5: CFA model-goodness of fit test mathematical attitude instrument.

Index Cut-off GoF value Verification
X2 p—value < 0.05  0.0000 Good fit
RMSEA <0.08 0.0511 Good fit
Root Mean Residual/RMR > 0.80 0.0856 Good fit
Normed Fit Index/NFI > 0.80 0.8930 Good fit
Incremental Fit Index/IFI > 0.90 0.9590 Good fit
Comparative Fit Index/CFI > 0.90 0.9580 Good fit
Goodness of Fit Index/GFI > 0.90 0.8630 Marginal fit
Relative Fit Index/RFI > 0.90 0.8560 Marginal fit
Non Normed Fit Index/NNFI >0.90 0.9430 Good fit
Parsimony Goodness of Fit Index/PGFI > 0.60 0.6000 Good fit
Parsimonious Normed Fit Index/PNFI > 0.90 0.6610 Poor fit
Adjusted Goodness of Fit Index/AGFI >0.90 0.8030 Marginal fit

The theoretical and empirical validation processes conducted on the mathematics attitude
questionnaire instrument indicate that 8 items are invalid in the theoretical test and 8 items are
invalid in the empirical test. Subsequently, the 24 valid items, the aspect of trying to understand
the problem, and the purpose and substance of the problem clearly, by oneself is represented by 5
items, the aspect showing effort in taking logical action is represented by 8 items, the aspect shows
effort in conveying information clearly and concisely represented by 5 items, and the aspect shows
effort in finding a better solution is represented by 6 items.

Table 6: Mathematical attitude instrument after validation.

Dimension of mathematical attitude @ Items =) >
The effort to clearly understand problems 1,2,3,4 5 5
The effort to act logically 6,7,8,9 10,11,12,13 8
The effort to communicate information clearly 14, 15 16,17, 18 5
and concisely

The effort to seek better solutions 19, 20, 21 22,23,24 6
Total 13 11 24

The measurement of mathematical attitudes carried out provides an overview of the condi-
tion of students’ mathematical attitudes based on 24 questionnaire items. The aspect of trying
to understand the problem, and the purpose and substance of the problem clearly, by oneself is
represented by 5 items, the aspect showing effort in taking logical action is represented by 8 items,
the aspect shows effort in conveying information clearly and concisely represented by 5 items, and
the aspect shows effort in finding a better solution is represented by 6 items.
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4 Discussion

Validity and reliability play a critical role in maintaining the effectiveness and credibility of
measurement instruments [6]. Especially within educational contexts, the creation and valida-
tion of tools for gauging attitudes or competencies demand a thorough validation process to up-
hold the reliability of the findings [32]. This study aims to test the validity and reliability of a
mathematics attitude questionnaire, a standard instrument used to measure the mathematics atti-
tudes of elementary school students. EFA and CFA models were used to analyze and validate the
measurement of mathematics attitudes. The findings of this study indicate that the items in the
mathematics attitude questionnaire are generally suitable and applicable for assessing the mathe-
matics attitudes of elementary school students, as reflected by the responses from participants in
Indonesia. The mathematics attitude questionnaire aligns with our initial hypothesis, we found
that the mathematics attitude questionnaire exhibits generally satisfactory EFA and CFA charac-
teristics. The CFA model was used in this study to analyze and validate the mathematics attitude
questionnaire, processed using LISREL 10.20 Full Version. The primary goal of conducting CFA
is to evaluate the fit of the measurement model by confirming the relationships between observed
variables and the underlying latent constructs [35]. LISREL is generally used for latent variable
analysis and can be employed to confirm the validity of instrument scales and assess structural
relationships among scales [39].

In addition to the EFA and CFA results, content validity was carefully evaluated by expert re-
viewers, ensuring the items’ relevance to the intended construct. Initial revisions based on expert
feedback led to 32 final items that were considered valid for measuring mathematical attitudes.
Experts focused on refining the wording of items to improve clarity, alignment with the construct,
and cultural appropriateness for Indonesian students. This process confirmed that the instrument
reflects the desired aspects of mathematical attitudes, such as problem-solving effort, logical rea-
soning, and clarity in communication.

According to the EFA output, the data on the mathematics attitudes of elementary school stu-
dents revealed four factors: efforts to understand problems clearly, efforts to take logical actions,
efforts to convey information clearly and concisely, and efforts to seek better solutions. The CFA
findings confirmed the EFA conclusions, as the mathematics attitude measure fit the data. The
Confirmatory Factor Analysis (CFA) conducted using LISREL 10.20 on the mathematics attitude
questionnaire indicated that the model overall exhibited a good fit with the data, with a Chi-
Square value of 520.74 for 458 degrees of freedom and a ratio approaching 1.14, which aligns with
the criteria for a good fit [23]. The p—value of this model is 0.02237, indicating that the model is
statistically significant, and the RMSEA value of 0.027 confirms an excellent fit, consistent with the
criteria set by Browne and Cudeck [1]. The quality of the items is assessed from the factor loadings
represented by the path coefficients in the measurement model. Standard Loading Factor (SLF) is
> 0.30 and the calculated t-value is > 1.96. Additionally, reliability is assessed through SEM anal-
ysis, which measures reliability via Construct Reliability, helping to determine the consistency
of manifest variables in evaluating latent constructs. The standard for acceptable reliability is a
construct reliability (CR) value > 0.70.

The findings confirm that the mathematical attitude instrument derived from assessing the
CFA model’s adequacy exhibits a commendable Goodness of Fit, as indicated by 11 GoF indices,
encompassing RMSEA, NNFI, NFI, CFI, IFI, RFI, GFI, RMR, AGFI, and PGFI measures of suit-
ability. The application of EFA and CFA to the mathematics attitude measure contributes to the
confirmation of the validity and utility of the mathematics attitude questionnaire. The study has
demonstrated that mathematics attitudes possess adequate reliability and validity, highlighting
the importance of these factors in understanding students’ attitudes towards mathematics [4].
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The impact of mathematical attitudes on educational outcomes has been extensively documented,
underscoring their significance across various academic and psychological domains, thereby em-
phasizing the need for valid and reliable measures of affective skills [34]. Furthermore, the reli-
ability and validity of the four-factor mathematics attitude model are supported by strong alpha
coefficients and factor loadings, highlighting the importance of these factors in understanding
mathematics attitudes.

5 Conclusions, Limitations, and Future Work

This study successfully developed and validated an instrument for measuring mathematical
attitudes among elementary school students in Indonesia. According to the EFA output, data on
students” mathematical attitudes reveal four factors: efforts to clearly understand problems, ef-
forts to take logical actions, efforts to convey information clearly and concisely, and efforts to seek
better solutions. The CFA results validate the EFA conclusions, showing that the measurement
model aligns well with the data and confirming the validity and reliability of the mathematics at-
titude questionnaire. Additionally, expert reviewers assessed content validity, leading to the final
32 items, which were refined for clarity, construct alignment, and cultural relevance for Indone-
sian students. However, we recognize some limitations in this study. The primary limitation is the
small dataset, which impacts the validity of the conclusions. The analysis is based on a sample of
only 187 respondents from three different regions in Indonesia, affecting the ability to generalize
the findings to other groups. Future research should aim to replicate these results with a larger,
randomly selected sample from more diverse cultural backgrounds to enhance generalizability.
Additionally, since the data were collected online, this may have left out individuals without in-
ternet access. Future studies should explore various data collection methods to include a broader
range of participants.
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