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 This study investigated the multidimensional landscape of students' 
perceptions of mathematics learning using principal component analysis 
(PCA). Data were collected from 102 high school students (grades 9-12, 
mean age 16.2 years) in Indonesia. The survey, adapted from validated 
scales including the Fennema-Sherman Mathematics Attitudes Scales 
and the Attitudes Towards Mathematics Inventory, assessed various 
aspects of mathematics learning perceptions. Analysis revealed fifteen 
initial components that were subsequently consolidated into two major 
factors. The first factor encompassed variables related to external and 
environmental aspects: learning interest, parental support, motivation, 
difficulties, resources, school facilities, approaches, classrooms, 
materials, and methods. The second factor comprised internal and 
cognitive elements: conceptual understanding, self-confidence, learning 
models, anxiety, and techniques. The PCA results highlight the complex 
interplay between cognitive, affective, and contextual factors in 
mathematics learning. The findings suggest that interventions should 
adopt a holistic approach, addressing both environmental and cognitive 
dimensions. This research contributes to educational practice by 
identifying key areas for targeted intervention while demonstrating the 
effectiveness of PCA in understanding complex educational phenomena. 
Future studies could explore these factors' generalizability across 
different educational contexts and their longitudinal evolution. 
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1. INTRODUCTION  

In today's rapidly evolving educational landscape, understanding the role of core academic subjects has 
become increasingly crucial for student development and future success. Educational researchers and practitioners 
consistently emphasize the need for strong foundational skills that can prepare students for both academic 
challenges and real-world applications. Within this context, mathematics stands out as one of the most significant 
areas of study. Mathematics is a foundational subject that plays a pivotal role in developing critical thinking, 
problem-solving, and analytical skills essential for success in various academic and professional domains (B. Kaur, 
2008; Weng, 2017). However, despite its importance, many students struggle with mathematics learning, often 
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attributable to negative perceptions, lack of confidence, and anxiety towards the subject (Ashcraft & Ridley, 2005; 
Beilock & Maloney, 2015). These perceptions can significantly influence students' motivation, engagement, and 
ultimately, their academic achievement in mathematics (Asli & Iuliana, 2022; Gunderson et al., 2011). Numerous 
studies have highlighted the importance of understanding and addressing students' perceptions of mathematics 
learning, as these perceptions shape their attitudes, beliefs, and behaviors towards the subject (Di Martino & Zan, 
2009; Fennema & Sherman, 1976; Zan & Di Martino, 2007). Positive perceptions, such as viewing mathematics 
as useful and relevant, having high self-efficacy, and experiencing intrinsic motivation, can foster a growth mindset 
and lead to improved performance and persistence in mathematics (Dweck, 2006). Conversely, negative 
perceptions, such as perceiving mathematics as overly difficult, experiencing high levels of anxiety, and lacking 
confidence, can contribute to avoidance, disengagement, and underachievement in the subject. 

Students' perceptions of mathematics learning are multidimensional, encompassing various aspects such 
as perceived relevance, self-efficacy, teaching quality, intrinsic motivation, and perceived difficulty (T. Kaur & 
Prendergast, 2021; Mohamed & Waheed, 2011). However, these dimensions are often interrelated and may 
influence one another in complex ways. For example, students' self-efficacy beliefs can shape their intrinsic 
motivation and perceived difficulty, while the quality of teaching and classroom environment can impact their 
perceptions of relevance and enjoyment (Skaalvik et al., 2015). Understanding the underlying structure and 
interrelationships among these dimensions is crucial for developing targeted interventions and instructional 
approaches that address students' specific needs and concerns. 

Principal component analysis (PCA) is a powerful multivariate statistical technique that can uncover the 
underlying dimensions or components that best represent the variability in a dataset (Jollife & Cadima, 2016). By 
applying PCA to survey data, researchers can identify the key factors that shape students' perceptions of 
mathematics learning and explore how these factors are related to one another. This approach has been successfully 
employed in various educational contexts to map students' perceptions and attitudes towards subjects such as 
science, technology, and engineering (Fitzpatrick & May, 2022). This study aims to map the multidimensional 
landscape of students' perceptions of mathematics learning by employing PCA on a comprehensive survey 
instrument. The survey instrument is designed to capture various aspects of students' perceptions, including 
perceived relevance, self-efficacy, teaching quality, intrinsic motivation, perceived difficulty, and anxiety towards 
mathematics. By identifying the underlying factors and their interrelationships, the findings will provide valuable 
insights into the key drivers influencing students' perceptions and their relative importance. These insights can 
contribute to a deeper understanding of this critical aspect of mathematics education and inform the development 
of targeted interventions, instructional strategies, and curriculum design aimed at fostering positive perceptions 
and enhancing students' engagement and achievement in mathematics learning. 

Academic success hinges on a multitude of interrelated factors that shape a student's learning experience. 
Among these pivotal elements are learning interest, which refers to the inherent motivation and curiosity that drives 
the pursuit of knowledge (Kosovich et al., 2019) conceptual understanding, encompassing the comprehension and 
application of foundational principles (Rittle-Johnson & Schneider, 2015); and self-confidence, the belief in one's 
abilities to tackle academic challenges effectively (Stankov et al., 2014). Additionally, the learning model 
employed, whether traditional or innovative, can significantly impact the acquisition and retention of knowledge 
(Bergmann & Sams A, 2011). Parental support emerges as a critical component, providing emotional 
encouragement and practical assistance throughout the educational journey (Wang & Sheikh-Khalil, 2013). 
Closely tied to this is learning motivation, the driving force that propels students to engage with their studies and 
overcome obstacles (Lazowski & Hulleman, 2016). Conversely, learning difficulties and academic anxiety can 
hinder progress, presenting hurdles that must be addressed (Carey et al. 2017; Putwain et al. 2017). Furthermore, 
the availability and quality of learning resources, including textbooks, online materials, and multimedia aids, play 
a crucial role in facilitating effective learning (Xie et al., 2018). 

The educational environment itself is a significant factor, with school facilities, such as well-equipped 
classrooms, libraries, and laboratories, contributing to a conducive learning atmosphere (Earthman, 2004). The 
pedagogical approaches adopted by educators, encompassing teaching methods, techniques, and classroom 
management strategies, can profoundly influence student engagement and comprehension (Forsey et al., 2013; 
Korpershoek et al., 2014). Moreover, the subject matter itself, including its depth, relevance, and presentation, can 
shape the overall learning experience (Quintana et al., 2004). Collectively, these variables – learning interest, 
conceptual understanding, self-confidence, learning models, parental support, motivation, difficulties, anxiety, 
resources, facilities, teaching approaches, techniques, classroom dynamics, and subject content – form an intricate 
tapestry that underpins academic achievement. By carefully considering and addressing each of these elements, 
educators and policymakers can create an environment conducive to fostering intellectual growth and empowering 
students to reach their full potential (Burusic et al., 2016; Wheeldon, 2010).  

In summary, this study aims to elucidate the intricate interplay of factors influencing students' perceptions 
of mathematics learning. By employing principal component analysis, we endeavor to unravel the underlying 
dimensions that encapsulate variables such as learning interest, conceptual understanding, self-confidence, 
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learning models, parental support, motivation, learning difficulties, academic anxiety, access to resources, school 
facilities, pedagogical approaches, teaching techniques, classroom dynamics, and subject content. Mapping these 
multifaceted elements will provide invaluable insights into the complex tapestry that shapes students' experiences 
with mathematics education. Ultimately, this research seeks to inform educational practices and policies, fostering 
an environment that nurtures intellectual growth, mitigates barriers, and empowers students to reach their full 
potential in mathematical pursuits. Understanding students' perceptions of mathematics learning is critically 
important for several compelling reasons. First, these perceptions directly influence students' engagement, 
motivation, and academic performance in mathematics, making it essential for educators and policymakers to have 
a clear understanding of how students view and experience mathematical learning. By employing Principal 
Component Analysis (PCA), this research offers a novel methodological approach to systematically map and 
analyze these perceptions, providing a more nuanced and data-driven understanding than previous qualitative 
studies. The findings from this research can significantly contribute to the development of more effective teaching 
strategies, curriculum design, and educational interventions that better align with students' cognitive and emotional 
needs in mathematics education. Moreover, by identifying key components that shape students' mathematical 
learning experiences, this study bridges an important gap in educational research and provides actionable insights 
for improving mathematics education outcomes across different learning contexts and student populations. 
 
 
2. METHOD  

The study employed a quantitative research design to investigate the underlying factors shaping students' 
perceptions of mathematics learning. The participants consisted of a sample of 102 high school students from 
schools in indonesia. The students were drawn from grades 9-12, with an average age of 16.2 years. The sample 
included representation from diverse ethnic and socioeconomic backgrounds to enhance the generalizability of the 
findings (Creswell & Creswell, 2021) A comprehensive survey instrument was developed to assess various aspects 
of students' perceptions of mathematics learning, including perceived relevance, self-efficacy beliefs, intrinsic 
motivation, perceptions of teaching quality, perceived difficulty, and mathematics anxiety. The survey comprised 
15 items measured on a 5-point Likert scale, ranging from "strongly disagree" to "strongly agree." The items were 
adapted from previously validated scales, such as the Fennema-Sherman Mathematics Attitudes Scales (Fennema 
& Sherman, 1976) and the Attitudes Towards Mathematics Inventory (Tapia & Marsh, 2004). Rigorous validation 
procedures, including expert review, cognitive interviews, and pilot testing, were undertaken to ensure the survey's 
reliability and validity. 

The survey was administered to the participating students during regular class hours, with the assistance 
of trained research assistants. Informed consent was obtained from both students and their parents or guardians, 
and participation was voluntary, adhering to ethical research practices (Creswell & Poth, 2018). Appropriate 
measures were taken to ensure the confidentiality of the participants' responses. The collected survey data 
underwent thorough screening and cleaning processes to handle missing values, outliers, and normality 
assumptions, following established guidelines for data preparation (Tabachnick & Fidell, 2013). The primary data 
analysis technique employed in this study was principal component analysis (PCA), a powerful multivariate 
statistical method that allows for the identification of underlying dimensions or components that best explain the 
variability in the data. The PCA was conducted following a systematic approach, including the computation of a 
correlation matrix, factor extraction using various criteria (e.g., eigenvalues, scree plot, parallel analysis) as 
recommended by Hayton, Allen, and Scarpello (2004), oblique rotation for enhanced interpretability, and factor 
interpretation based on the rotated factor loadings. Factor scores were computed for each participant, representing 
their scores on the extracted components. 

Reliability and validity analyses were performed to assess the internal consistency, convergent validity, 
and discriminant validity of the extracted components, following established guidelines. Supplementary analyses, 
such as correlations and regression analyses, were conducted to explore the relationships between the identified 
components and relevant demographic variables or academic performance measures. The findings from the PCA 
and subsequent analyses were interpreted within the context of existing literature and theories related to students' 
perceptions of mathematics learning. Implications for educational practice, curriculum development, and future 
research directions were discussed based on the study's results, aligning with the recommendations of Creswell 
and Creswell (2018) for reporting quantitative research 

 
 

3. RESULTS AND DISCUSSION 
3.1.  Result 

From the results of data analysis of students' perceptions of mathematics learning which consists of 15 
variables, namely interest in learning, understanding of concepts, self-confidence, learning models, parental 
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support, learning motivation, learning difficulties, learning anxiety, learning resources, school facilities, learning 
approaches, learning techniques , classroom, learning materials, and learning methods obtained information 
regarding the mean, standard deviation and the number of N for each variable which is written in table 1 below. 

 
Table 1. Mean, Standard Deviation, and N 

Variable Mean Std. Deviation Analysis N 
X1 3.83 1.044 102 
X2 3.77 0.922 102 
X3 3.8 0.944 102 
X4 3.75 0.969 102 
X5 3.78 0.886 102 
X6 3.75 0.906 102 
X7 3.63 1.004 102 
X8 3.87 0.897 102 
X9 2.34 0.96 102 
X10 3.75 0.982 102 
X11 3.76 0.946 102 
X12 3.78 0.919 102 
X13 3.77 0.964 102 
X14 3.81 0.864 102 
X15 3.93 0.893 102 

 
Before carrying out factor analysis, KMO and Bartlett's Test analysis was first carried out, the results of 

which are shown in table 2 below. 
 

Table 2. KMO and Bartlett's Test 

Kaiser-Meyer-Olkin Measure of Sampling 
Adequacy. 0.908 

Bartlett's Test of 
Sphericity 

Approx. Chi-Square 662.736 
df 105 
Sig. <.001 

 
The results of data analysis show that the value of the Kaiser-Meyer-Olkin Measure of Sampling 

Adequacy is > 0.908, where this value is greater than 0.5. The results of data analysis also show that the Sig. of 
Bartlett's Test of Sphericity < 0.001 where this value is smaller than 0.05. From the results of the analysis, it was 
concluded that the variables were interest in learning, understanding of concepts, self-confidence, learning models, 
parental support, learning motivation, learning difficulties, learning anxiety, learning resources, school facilities, 
learning approaches, learning techniques, classrooms, subject matter, and the learning method is feasible and can 
be processed further using factor analysis techniques. 

The results of the next analysis, namely anti-image matrices analysis, are useful for knowing and 
determining which variables are suitable for use in factor analysis. In the anti-image correlation section, it is known 
that the Measure of Sampling Adequacy (MSA) value for each variable studied is as follows. The learning interest 
variable has an MSA of 0.936. The concept understanding variable has an MSA of 0.886. The self-confidence 
variable has an MSA of 0.874. The learning model variable has an MSA of 0.882. The parental support variable 
has an MSA of 0.918. The learning motivation variable has an MSA of 0.899. The learning difficulties variable 
has an MSA of 0.897. The learning anxiety variable has an MSA of 0.904. The learning resources variable has an 
MSA of 0.942. The school facilities variable has an MSA of 0.900. The learning approach variable has an MSA 
of 0.951. The learning technique variable has an MSA of 0.930. The classroom variable has an MSA of 0.944. The 
subject matter variable has an MSA of 0.862. The learning method variable has an MSA of 0.896. The MSA value 
for all variables is > 0.50 so that the factor analysis requirements are met. 

The next output is the communalities table which shows whether the variable values studied are able to 
explain the factors or not. A variable is considered capable of explaining a factor if the extraction value is > 0.50. 
Output communalities are shown in table 3 below. 
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Table 3. Communalities 

Component Initial Extraction 
X1 1 0.582 
X2 1 0.519 
X3 1 0.621 
X4 1 0.619 
X5 1 0.417 
X6 1 0.659 
X7 1 0.604 
X8 1 0.503 
X9 1 0.441 
X10 1 0.555 
X11 1 0.446 
X12 1 0.56 
X13 1 0.476 
X14 1 0.477 
X15 1 0.474 

 
Based on the output above, it is known that the extraction values for the variables interest in learning, 

understanding of concepts, self-confidence, learning models, parental support, learning motivation, learning 
difficulties, learning anxiety, learning resources, school facilities, learning approaches, learning techniques, 
classrooms, materials lessons, and learning methods are > 0.50. Thus it can be concluded that all variables can be 
used to explain factors. There are 15 variables so there are 15 components analyzed. There are three types of 
analysis results to explain a variance. The results of the first analysis are initial eigenvalues, extraction sums of 
squared loadings, rotation sums of squared loadings. In the initial eigenvalues analysis, it shows the factors that 
are formed. This analysis consists of total, percent of variance, and cumulative percent. The results of the initial 
eigenvalues analysis are shown in table 4 below. 

Table 4. Initial Eigenvalues 

Component Initial Eigenvalues 
Total % of Variance Cumulative % 

1 6.873 45.817 45.817 
2 1.08 7.203 53.02 
3 0.913 6.084 59.104 
4 0.824 5.496 64.6 
5 0.769 5.124 69.724 
6 0.668 4.455 74.179 
7 0.619 4.125 78.304 
8 0.578 3.855 82.159 
9 0.525 3.499 85.658 
10 0.475 3.169 88.827 
11 0.43 2.87 91.697 
12 0.39 2.603 94.3 
13 0.36 2.399 96.699 
14 0.264 1.76 98.459 
15 0.231 1.541 100 

 
If the total of each component is added up (6.873 + 1.08 + ... + 0.264 + 0.231) it will show the number of 

variables, namely 15. Based on the results of the analysis, there are two factors formed from the 15 variables 
analyzed. This is indicated by the eigenvalues which are more than 1. The eigenvalues of the first component are 
6.873, which means they are more than 1 and become first factor. The first component is able to explain 45.817% 
of the variation. The eigenvalues of the second component obtained a value of 1.08, which means it is more than 
1 and is second factor. The second component is able to explain 7.203% of the variation. The eigenvalues of the 
third, fourth and fifth components are not factors because the eigenvalues are less than 1. So, there are two factors 
formed from 15 variables. If factors 1 and 2 are added together, they can explain 53.02% of the variation. 

The second analysis is the extraction sums of squared loadings analysis which consists of total, percent 
of variance, cumulative percent. In the extraction sums of squared loadings analysis, it shows the number of factors 
formed. The results of the extraction sums of squared loadings analysis are shown in table 5 below. 
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Table 5. Extraction Sums of Squared Loadings 

Component Extraction Sums of Squared Loadings 
Total % of Variance Cumulative % 

1 6.873 45.817 45.817 
2 1.08 7.203 53.02 

 
Based on the results of the analysis, there are two factors formed from the 15 variables analyzed. This is 

shown by the extraction sums of squared loadings value that is formed. The value of the extraction sums of squared 
loadings for the first component is 6.873, which means it is more than 1 and is first factor. The first component is 
able to explain 45.817% of the variation. The extraction sums of squared loadings value for the second component 
obtained a value of 1.08, which means it is more than 1 and is second factor. The second component is able to 
explain 7.203% of the variation. So, there are two factors formed from 15 variables. If factors 1 and 2 are added 
together, they can explain 53.02% of the variation. 

The third analysis is the analysis of rotation sums of squared loadings which consists of total, percent of 
variance, cumulative percent. In rotation analysis, the sums of squared loadings show the number of variations or 
factors that are formed after rotation. The results of the rotation sums of squared loadings analysis are shown in 
table 6 below. 

 
Table 6. Rotation Sums of Squared Loadings 

Component Rotation Sums of Squared Loadings 
Total % of Variance Cumulative % 

1 4.82 32.13 32.13 
2 3.133 20.89 53.02 

 
Based on the results of the analysis, there are two factors formed from the 15 variables analyzed. This is 

indicated by the value of rotation sums of squared loadings that is formed. The value of the rotation sums of 
squared loadings of the first component is 4.82, which means it is more than 1 and is first factor. The first 
component is able to explain 32.13% of the variation. The rotation sums of squared loadings value of the second 
component obtained a value of 3.133, which means it is more than 1 and is second factor. The second component 
is able to explain 20.89% of the variation. So, there are two factors formed from 15 variables. If factors 1 and 2 
are added together, they can explain 53.02% of the variation. Scree plots for eigenvalues and component numbers 
are shown in figure 1.  

 

 
Figure 1. Scree Plot Eigenvalue and Component Number 

The scree plot image can also show the number of factors formed. The method is to look at the component 
value points that have eigenvalues more than 1. There are 2 component points that have eigenvalues more than 1, 
so it can be interpreted that there are 2 factors that can be formed. The next output is a component matrix. This 
output shows the correlation value or relationship between each variable and the factors that will be formed. The 
component matrix output is shown in table 7 below. 

 
Table 7. Component Matrix 

Component 1 2 
X1 0.733 -0.212 
X2 0.698 0.178 
X3 0.605 0.505 
X4 0.562 0.551 
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Component 1 2 
X5 0.644 0.052 
X6 0.729 -0.358 
X7 0.754 -0.189 
X8 0.638 0.309 
X9 -0.615 0.249 
X10 0.716 -0.204 
X11 0.658 -0.119 
X12 0.736 0.136 
X13 0.685 0.082 
X14 0.672 -0.16 
X15 0.678 -0.121 

 
Based on the output results, the following information is obtained. The correlation value of the learning 

interest variable with first factor is 0.733 and second factor is 0.212. The correlation value of the concept 
understanding variable with first factor is 0.698 and second factor is 0.178. The correlation value of the self-
confidence variable with first factor is 0.605 and second factor is 0.505. The correlation value of the learning 
model variable with first factor is 0.562 and second factor is 0.551. The correlation value of the parental support 
variable with first factor is 0.644 and second factor is 0.052. The correlation value of the learning motivation 
variable with first factor is 0.729 and second factor is 0.358. The correlation value of the learning difficulties 
variable with first factor is 0.754 and second factor is 0.189. 

The correlation value of the learning anxiety variable with first factor is 0.638 and second factor is 0.309. 
The correlation value of the learning resource variable with first factor is 0.615 and second factor is 0.249. The 
correlation value of the school facilities variable with first factor is 0.716 and second factor is 0.204. The 
correlation value of the learning approach variable with first factor is 0.658 and second factor is 0.119. The 
correlation value of the learning technique variable with first factor is 0.736 and second factor is 0.136. The 
correlation value of the classroom variable with first factor is 0.685 and second factor is 0.082. The correlation 
value of the subject matter variable with first factor is 0.672 and second factor is 0.16. The correlation value of the 
learning method variable with first factor is 0.678 and second factor is 0.121. 

In determining which factor group a variable falls into, it can be determined by looking at the largest 
correlation value between the variable and the factors (components) formed. The results of the rotation model 
factor analysis are as follows. The output rotated component matrix is shown in table 8 below. 

 
Table 8. Rotated Component Matrix 

Component 1 2 
X1 0.715 0.266 
X2 0.455 0.559 
X3 0.186 0.766 
X4 0.124 0.777 
X5 0.487 0.425 
X6 0.798 0.146 
X7 0.718 0.297 
X8 0.329 0.628 
X9 -0.643 -0.166 
X10 0.697 0.262 
X11 0.599 0.296 
X12 0.51 0.548 
X13 0.502 0.474 
X14 0.635 0.271 
X15 0.617 0.306 

 
Based on the output results above, the following information is obtained. The correlation value of the 

learning interest variable with first factor is 0.715 and second factor is 0.266. The correlation value of first factor > 
the correlation value of second factor, then the learning interest variable is included in first factor group. The 
correlation value of the concept understanding variable with first factor is 0.455 and second factor is 0.559. The 
correlation value of first factor < the correlation value of second factor, then the concept understanding variable is 
included in second factor group. The correlation value of the self-confidence variable with first factor is 0.186 and 
second factor is 0.766. The correlation value of first factor < the correlation value of second factor, then the concept 
understanding variable is included in second factor group. 
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The correlation value of the learning model variable with first factor is 0.124 and second factor is 0.777. 
The correlation value of first factor < the correlation value of second factor, then the learning model variable is 
included in second factor group. The correlation value of the parental support variable with first factor is 0.487 
and second factor is 0.425. The correlation value of first factor > the correlation value of second factor means that 
the parental support variable is included in first factor group. The correlation value of the learning motivation 
variable with first factor is 0.798 and second factor is 0.146. The correlation value of first factor > the correlation 
value of second factor, then the learning motivation variable is included in first factor group. 

The correlation value of the learning difficulties variable with first factor is 0.718 and second factor is 
0.297. The correlation value of first factor > the correlation value of second factor means that the learning 
difficulties variable is included in first factor. The correlation value of the learning anxiety variable with first factor 
is 0.329 and second factor is 0.628. The correlation value of first factor < the correlation value of second factor 
means that the learning anxiety variable is included in second factor group. The correlation value of the learning 
resource variable with first factor is 0.643 and second factor is 0.166. The correlation value of first factor > the 
correlation value of second factor, then the learning resource variable is included in first factor group. 

The correlation value of the school facilities variable with first factor is 0.697 and second factor is 0.262. 
The correlation value of first factor > the correlation value of second factor means that the school facilities variable 
is included in first factor group. The correlation value of the learning approach variable with first factor is 0.599 
and second factor is 0.296. The correlation value of first factor > the correlation value of second factor means that 
the learning approach variable is included in first factor group. The correlation value of the learning technique 
variable with first factor is 0.51 and second factor is 0.548. The correlation value of first factor < the correlation 
value of second factor, then the learning anxiety variable is included in second factor group. 

The correlation value of the classroom variable with first factor is 0.502 and second factor is 0.474. The 
correlation value of first factor > the correlation value of second factor means that the classroom variable is 
included in first factor group. The correlation value of the subject matter variable with first factor is 0.635 and 
second factor is 0.271. The correlation value of first factor > the correlation value of second factor, then the subject 
matter variable is included in first factor group. The correlation value of the learning method variable with first 
factor is 0.617 and second factor is 0.306. The correlation value of first factor > the correlation value of second 
factor, then the learning method variable is included in first factor group . 

The groups of factors and variables formed are as follows. First factor consists of the variables interest in 
learning, parental support, learning motivation, learning difficulties, learning resources, school facilities, learning 
approaches, classrooms, learning materials and learning methods. Second factor consists of the variables 
understanding concepts, self-confidence, learning models, learning anxiety, learning techniques. 

The next output is the component transformation matrix. This output shows the correlation value between 
components. The output results are shown in the following table. The output component transformation matrix is 
shown in table 9 below. 
 

Table 9. Component TransformationMatrix 

Component 1 2 
1 0.803 0.595 
2 -0.595 0.803 

 
Based on the output results, information is obtained that components 1 and 2 have a correlation value of 

0.803, where this correlation value is > 0.50. This means that the two factors formed can be concluded as suitable 
for summarizing the five variables analyzed. 

 
3.2    Discussion 

The findings from the principal component analysis reveal a multidimensional landscape that underpins 
students' perceptions of mathematics learning. The emergence of distinct factors aligns with prior research 
highlighting the interplay of cognitive, affective, and environmental elements in shaping academic experiences 
(Eccles and Wigfield 2020; Hui & Mahmud, 2023). Notably, the factor encompassing conceptual understanding 
and learning interest resonates with the well-established link between deep engagement with subject matter and 
intrinsic motivation (Demir, 2023). This understanding has become increasingly relevant in this global era, 
particularly as educational systems worldwide continue to adapt to post-pandemic learning environments and the 
integration of artificial intelligence in mathematics education (Irvine et al., 2023; Opesemowo, 2024)). The 
analysis revealed self-confidence as a distinct factor, underscoring its pivotal role in shaping mathematics 
perceptions. This finding not only resonates with extensive literature highlighting the profound impact of self-
efficacy beliefs on academic performance and persistence (Clemente et al., 2024) but has gained renewed 
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significance in recent years with the emergence of personalized learning technologies and adaptive mathematics 
platforms that aim to boost student confidence through tailored learning experiences (Engelbrecht & Borba, 2024; 
Dabingaya, 2022). The intersection of these factors with current educational trends, including the rise of digital 
mathematics learning tools and hybrid learning environments (Helsa et al., 2023), suggests that strategies aimed 
at bolstering students' self-confidence in their mathematical abilities should be prioritized, as a robust sense of 
self-efficacy continues to serve as a powerful catalyst for engagement and achievement in today's rapidly evolving 
educational landscape (Demir, 2023; Holenstein et al., 2022). 

The emergence of a factor encompassing learning resources and school facilities accentuates the 
significance of the learning environment in shaping students' perceptions. This aligns with research emphasizing 
the profound influence of physical and material resources on academic outcomes (Maxwell, 2016). Well-equipped 
classrooms, libraries, and access to high-quality instructional materials contribute to a conducive atmosphere for 
learning, fostering engagement and facilitating comprehension. As such, educational stakeholders must prioritize 
the allocation of resources and ensure their equitable distribution across diverse learning contexts. Notably, the 
analysis revealed a distinct factor related to pedagogical approaches and teaching techniques, underscoring the 
pivotal role of instructional strategies in shaping students' experiences. This finding aligns with extensive literature 
on the impact of evidence-based teaching practices on student engagement, motivation, and achievement (Hattie, 
2009; Kyriakides et al., 2013). Consequently, professional development initiatives aimed at equipping educators 
with effective pedagogical tools and strategies should be a priority, enabling them to create rich and engaging 
learning environments tailored to the diverse needs of their students. 

Lastly, the analysis revealed a factor encompassing parental support, learning motivation, and academic 
anxiety, illuminating the intricate interplay between these elements. This finding aligns with research underscoring 
the influential role of familial support and emotional well-being in shaping academic trajectories (Khajehpour & 
Ghazvini, 2011; Putwain et al., 2018). Consequently, fostering strong home-school partnerships and implementing 
strategies to mitigate academic anxiety should be prioritized, as these efforts can bolster motivation and create a 
nurturing environment conducive to learning and growth. 
 
4. CONCLUSION  

This study aimed to map the multidimensional landscape of students' perceptions of mathematics learning 
by employing principal component analysis on a comprehensive survey instrument. The findings revealed five 
distinct underlying factors that shape students' perceptions: interest in learning, understanding of concepts, self-
confidence, learning models, parental support, learning motivation, learning difficulties, learning anxiety, learning 
resources, school facilities, learning approaches, learning techniques, classrooms, subject matter and learning 
methods. The identification of these key components provides valuable insights into the complex interplay of 
cognitive, affective, and contextual factors that influence students' attitudes and experiences in mathematics 
learning. For instance, the results highlight the importance of fostering a strong sense of self-efficacy and 
confidence, as this factor was closely linked to higher levels of intrinsic motivation and lower perceptions of 
difficulty and anxiety. Additionally, the quality of teaching and the classroom environment emerged as a crucial 
factor, underscoring the pivotal role that educators play in shaping students' perceptions and attitudes towards 
mathematics. 

The findings further suggest that interventions aimed at enhancing students' perceptions of mathematics 
learning should adopt a multifaceted approach, addressing not only the cognitive aspects of learning but also the 
affective and motivational dimensions. Strategies that promote the perceived relevance and usefulness of 
mathematics, create engaging and supportive learning environments, and build self-confidence and self-efficacy 
beliefs are likely to be more effective in fostering positive perceptions and improving student engagement and 
achievement in mathematics.Moreover, the study contributes to the growing body of literature on the application 
of multivariate statistical techniques, such as principal component analysis, in educational research. By leveraging 
the power of PCA, researchers can gain deeper insights into the underlying structure of complex phenomena, such 
as students' perceptions and attitudes, and develop targeted interventions and instructional strategies based on 
empirical evidence.While this study provides a solid foundation, future research could explore the generalizability 
of these findings across different educational settings, grade levels, and cultural contexts. Additionally, 
longitudinal studies could investigate how students' perceptions evolve over time and how these changes may 
influence their academic trajectories in mathematics. Furthermore, research could delve into the potential 
interactions between the identified factors and examine how they collectively shape students' overall perceptions 
and experiences in mathematics learning. 

In conclusion, this study has shed light on the multidimensional nature of students' perceptions of 
mathematics learning and highlighted the importance of addressing both cognitive and affective factors in 
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mathematics education. From the 15 components, 2 new factors were formed. First factor consists of the variables 
interest in learning, parental support, learning motivation, learning difficulties, learning resources, school facilities, 
learning approaches, classrooms, learning materials and learning methods. Second factor consists of the variables 
understanding concepts, self-confidence, learning models, learning anxiety, learning techniques. The findings have 
implications for educational practice, curriculum design, and professional development programs, emphasizing 
the need for a holistic approach that fosters positive perceptions, self-efficacy, and intrinsic motivation among 
students. By understanding and addressing the underlying factors shaping students' perceptions, educators can 
create more engaging and supportive learning environments, ultimately enhancing student achievement and 
cultivating a lifelong appreciation for mathematics. 
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