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Abstract

The implementation of AKM is in line with Indonesia's goal of realizing quality education as
stated in the 2030 SDGs by emphasizing numeracy. One factor that influences students' numeracy ability
is mathematical belief. However, there has been no detailed mapping that discusses the level of numeracy
ability and the achievement of numeracy components based on their mathematical belief. This study aims
to describe the level of numeracy ability and the achievement of each component in numeracy and
determine its relationship with mathematical belief. This study is a survey study. The research population
is all students of class VIII of public junior high schools in Sleman Regency. The sample in this study
was determined using a stratified proportional random sampling technique. The research sample of 224
students came from 10 schools, categorized into three strata, namely stratum A of 48 students from 2
schools, stratum B of 90 students from 4 schools, and stratum C of 86 students from 4 schools. The
instrument used is a test instrument in the form of a numeracy ability test compiled based on the AKM
numeracy components. The non-test instrument is a mathematical belief questionnaire. Data were
analyzed descriptively and using statistical methods. The results show that the numeracy ability of eighth-
grade students at public junior high schools in Sleman Regency is generally at the capable level. When
viewed across each numeracy component, the highest achievement is in algebraic content, personal
context, and the cognitive level of knowing. Meanwhile, the distribution of students' mathematical beliefs
is almost evenly distributed across each category. Based on the correlation test, there is a significant
positive relationship with a moderate correlation between students' numeracy abilities and their
mathematical beliefs.
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Introduction

21st-century developments still make mathematics an important subject that deserves attention
(Mehmet & Hulya, 2021). Mathematics is seen as an abstract science that discusses quantities, structures,
space, changes, and others, which has developed into a field of study with various interests along with the
development of technology. (Thanheiser, 2023). The development of science gave rise to the term
numeracy, which brings understanding of abstract mathematical concepts to their application in the real
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world. (Gula & Lovric, 2024). Human awareness of numeracy is an important thing, especially for those
who have the authority to make policies and compile curricula. (Diez-palomar et al., 2023).

The Ministry of National Development Planning stated that Indonesia is committed to achieving
the Sustainable Development Goals (SDGs). One of the SDGs, aimed at achieving development by 2030,
is to achieve quality education, with a focus on mathematics. (Badan Perencanaan Pembangunan
Nasional, 2017). The reference in the 2030 SDGs is the score results from an international scale survey
and assessment, namely PISA (Programme for International Student Assessment) (Organisation for
Economic Co-operation and Development, 2019).

Indonesia has a basic competency assessment that shows student learning outcomes, namely the
Minimum Competency Assessment (AKM). AKM measures basic competencies, namely reading literacy
and mathematical literacy. Mathematical literacy in AKM is also called numeracy. Regulation of the
Minister of Education, Culture, Research, and Technology concerning National Assessment Chapter 9
Number 1. AKM is implemented with the hope that the results can provide educators and related parties
with an overview of their students' abilities so they can consider effective learning strategies tailored to
the students' conditions. (Pusat Asesmen Pendidikan, 2021). Efforts to improve students' numeracy skills
can be done by reviewing other related variables. (Fanggidae et al., 2024).

The learning strategies used by teachers in the classroom must pay attention to students' beliefs
about mathematics (mathematical beliefs) to strengthen their numeracy ability. (Espafiol, 2025). This is
reinforced by the statement that students' beliefs about mathematics are very important and have an
impact on how students learn mathematics. (De Corte, 2015) And how the students process in solving
mathematical problems (Asare et al., 2025). Mathematical belief is composed of aspects of belief related
to mathematics education, beliefs about the student's self, and finally, those related to the context in the
class or class context. (Eynde et al., 2003).

The influence of mathematical beliefs that exist in each student on their numeracy abilities is
shown by research, Imran (2019) which states that students’ mathematical beliefs have a positive
influence on their mathematical literacy, and research by Zuliyati (2020) Students with low mathematical
beliefs have low numeracy ability, and those with high mathematical beliefs also improve their numeracy
ability. This trend demonstrates a relationship between the two. However, in reality, teachers do not fully
address students' mathematical beliefs in the learning process (Bonne, 2012).

Studies on the relationship between numeracy ability and mathematical belief have not been
facilitated with detailed information in Sleman Regency, Yogyakarta Special Region. Therefore, this
study describes students' numeracy ability in depth, including their achievement in each component of
content, context, and cognitive level based on the students' mathematical belief categories.

Method

This research is a survey study with a quantitative approach conducted in Sleman Regency,
Yogyakarta Special Region, Indonesia. The population in this study was eighth-grade students of public
junior high schools in Sleman Regency in the 2023/2024 academic year, with a population of 24,046
students from 54 schools. The large population did not allow for this research, so a sampling process was
carried out. The sampling technique used in this study was a proportional random sampling technique
with strata (stratified proportional random sampling), which was categorized into three strata: stratum A,
stratum B, and stratum C based on the results of the Regional Education Standards Assessment for junior
high school level. The research sample was 224 students spread across 10 schools. Strata A consists of
schools that are included in the high stratum, stratum B consists of schools that are included in the middle
stratum, while stratum C consists of schools with the low stratum.
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The data in this study were collected through tests to obtain data on the level of humeracy ability
and the achievement of each component of students' numeracy. A questionnaire was used to obtain data
on students' mathematical belief levels. In this study, the numeracy ability test instrument used consisted
of nine questions, each referring to the content component, context component, and cognitive level
component, in accordance with the Minimum Competency Assessment (AKM) framework established by
the Ministry of Education and Culture. The details, including the format of the questions, are presented in
Table 1.

Table 1.Test components based on the AKM numeracy framework

No. Contents Contexts Cognitive Level
1 Number Personal Knowing
2 Number Personal Applying
3 Geometry and Measurement Scientific Applying
4 Algebra Scientific Applying
5 Number Socio-cultural Reasoning
6 Geometry and Measurement Scientific Reasoning
7 Geometry and Measurement Socio-cultural Knowing
8 Algebra Scientific Knowing
9 Algebra Personal Reasoning

Referring to the AKM framework, the personal context relates to the activities of a person, family
or group, the socio-cultural context relates to problems that are related to the social context such as
activities in a community, activities carried out by the community together or social problems/norms in
the social order that are often found in the individual's environment, while the scientific context includes
problems related to the role of science or mathematical theory in the universe which is the focus of the
scientific context. The cognitive level of knowing relates to the understanding of mathematical concepts
and mathematical procedures, the cognitive level of applying relates to the individual's ability to apply
facts, concepts, procedures, or related mathematical representations, while the cognitive level of
reasoning is related to the individual's activities when compiling arguments about something, both in the
process and in conclusions. (Pusat Asesmen Pendidikan, 2021).

The mathematical belief questionnaire instrument in this study consists of 34 statements using a
Likert scale. The questionnaire instrument is compiled based on aspects and indicators developed by
Eynde et al. (2003).

Table 2.Indikator mathematical belief

Aspects of mathematical belief Indicators
Beliefs about mathematics and 1. Students have beliefs about mathematics as a subject
mathematics learning 2. Students have beliefs about learning mathematics
Beliefs about self 1. Students have confidence in their abilities in

mathematics
2. Students have confidence in their goals in mathematics

Beliefs about social context 1. Students have beliefs about social norms in the
classroom

2. Students have beliefs about the role of teachers in the
classroom
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The numeracy ability test instrument and the mathematical belief questionnaire were validated by
two experts who are both lecturers at the Master of Mathematics Education Program at Yogyakarta State
University. The instrument was revised based on the comments and suggestions provided. To obtain a
better instrument, construct validity was tested using factor analysis on the mathematical belief
guestionnaire using the trial results. Based on the factor analysis, two items were removed. Furthermore,
the numeracy ability test instrument and the mathematical belief questionnaire underwent the necessary
reliability tests to determine whether the instruments were trustworthy for use. Once all instruments were
valid and reliable, they could be used to obtain data related to students' numeracy ability and
mathematical beliefs.

After the data was collected, the next step was to analyze the data using descriptive and
quantitative methods. The results of the numeracy ability test and the mathematical belief questionnaire
were analyzed in several stages, including: a) categorizing the numeracy ability test data into four levels
and the mathematical belief questionnaire data into three categories, using the references presented in
Tables 3 and 4.

Table 3.Criteria for the level of numeracy ability

Interval Numeracy Ability Level
75 < X = 100 Proficient
50X =75 Capable
25 <« X =50 Basic
0=<X =100 Needs Intervention

Note. X': numeracy ability score

Table 4.Mathematical belief categories

Interval Interval Value Categories
X=X+0,5s X =7632 High
X¥X—-05s<X<X+05s 67,79 < X < 76,32 Medium
X< X-0,5s X < 67,79 Low

Note. X: skor mathematical belief, X: ideal average mathematical belief score, s: standard deviation

Calculate the total score for each component of numeracy ability, namely content, context, and
cognitive level; c) calculate the percentage of students at each level of proficient, capable, basic, and
needs intervention using the following equation

P =Lx100% ()

Note. P: percentage of number of students/number of scores, f: frequency, m: number of
students/number of scores

Calculate the percentage of the total score for each component of content, context, and cognitive
level using equation (1); e) analyze in more detail the level of numeracy ability and achievement of
numeracy components based on each category of students' mathematical beliefs.
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Next, a statistical analysis using a correlation test was used to examine the relationship between
numeracy ability and students' mathematical beliefs. The correlation test used the Pearson product-
moment test with the following formula.

L nE?:j_XE-YE- - [E?:j_ Xi] (2?21 Yi] (2]
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Note. X;: students' numeracy ability, ¥;: the mathematical belief of the student, n: sample size

The correlation coefficient is classified based on Table 5

Table 5.Correlation Level

Correlation Coefficient Interval Correlation Level
0,91-1,00 Very Strong
0,71-0,90 Strong
0,41 -0,70 Moderate
0,21 -0,40 Weak
0,00 - 0,20 Very Weak or None

Result and Discussion

Description of Students’ Numeracy Ability Levels in General

In general, numeracy ability levels are grouped into four levels: proficient, capable, basic, and
needs intervention. Data on students' numeracy ability levels can be seen in Table 6.

Table 6. Percentage of numeracy ability level

Numeracy ability level Number of Students | Percentage
Proficient 55 24,55%
Capable 96 42,86%
Basic 60 26,79%
Needs Intervention 13 5,80%
Total 224 100%

Table 6 shows that 224 students from the research sample completed the numeracy ability test,
resulting in no students achieving 50% of the score at all levels. The highest percentage was for students
with a capable level of 42.86%, while the lowest percentage was for students with a needs intervention
level of 5.80%. Setianingsih (2022) dan Wijaya et al. (2023) Conducted similar research, and the results
showed that students in Indonesia have not yet reached the proficient level in numeracy ability.

The dominance of students at this capable level is not in accordance with the research by Sukaryo
(2024) which states that Indonesian students' numeracy ability are still low. However, these results are
relevant to data from the Regional Education Report for the 2022 AKM for the Special Region of
Yogyakarta, which shows that students' numeracy ability is at a moderate level. This indicates that student
numeracy ability in the Special Region of Yogyakarta, particularly in Sleman Regency, does not fully
represent the overall numeracy ability of Indonesian students.
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Table 7.Percentage of numeracy ability levels based on school strata

- Strata
Numeracy ability level A B C
Proficient 50,00% 22,22% 12,79%
Capable 29,17% 53,33% 39,53%
Basic 14,58% 22,22% 38,37%
Needs Intervention 6,25% 2,22% 9,30%

Table 7 provides information that there are differences in the dominance of numeracy ability
levels at each stratum, where schools at stratum A are dominated by proficient students, while strata B
and C are dominated by students at the capable level. The level that needs intervention has the fewest
number of students compared to other levels across all school strata.

Description of the Achievement of Content Components, Context, and Cognitive Levels of
Numeracy

There are three components of numeracy ability measured in this study: content, context, and
cognitive level. Of the nine questions used, each question fulfills one content component, one context
component, and one cognitive level component, each of which is further divided into three elements, as
presented in Table 8.

Table 8. Percentage of Achievement of Numeracy Components

No Numeracy Components Total Score Percentage

1 Content Number 782 69,82
Geometry and Measurement 648 57,86
Algebra 591 52,77

2 Context Personal 797 71,16
Socio-cultural 543 48,48
Scientific 681 60,80

3 Cognitive Level Knowing 482 71,73
Applying 717 53,35
Reasoning 822 61,16

Overall, based on the results of the numeracy ability test, when analyzed based on each
component, for the number content component, the total score was 782 (69.82), geometry and
measurement 648 (57.86), and algebra 591 (52.77). In the content component, the highest percentage was
in the number content, which showed that students generally had a better mastery of the number content
compared to the geometry and measurement, and algebra content. Furthermore, in the personal context
component, the score was 797 (71.16%), the socio-cultural context 543 (48.48%), and the scientific
context 681 (60.80%). These results indicate that in achieving the context component, students had a
better mastery of problems or questions related to the personal context compared to the socio-cultural and
scientific context. Finally, in the cognitive level component, the total score was 482 (71.73%), the
applying level 717 (53.35%), and the reasoning level 822 (61.16%). The largest percentage is the
knowing level, which means that students' knowing level is more dominant compared to other cognitive
levels.

Description of Students’ Mathematical Beliefs in General

The results of the students' mathematical belief questionnaire were analyzed as a whole/ Data on
the number of students in each mathematical belief category was obtained, and the percentage was then
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calculated. From a total of 224 students, the distribution of mathematical belief categories was obtained as
shown in Table 9.

Table 9.Percentage of mathematical belief categories by strata

Mathematical Belief Category Number of Students Percentage
High 78 34,82%
Medium 71 31,70%
Low 75 33,48%
Total 224 100%

The results showed a nearly even distribution of students across each mathematical belief
category. A total of 34.82% of students achieved high mathematical belief, but with a difference of only
about 1%, while another 33.48% were in the low mathematical belief category.

Table 10.Percentage of mathematical belief categories by strata

. . Strata
Mathematical Belief Category A B C
High 50,00% 33,33% 27,91%
Medium 37,50% 26,67% 33,72%
Low 12,50% 40,00% 38,27%

The table above shows that 50% of students in grade A schools are in the high mathematical
belief category. Meanwhile, the highest percentages in grade B and C schools are students with low
mathematical beliefs, at 40% and 38.27%, respectively. This indicates that grade A, B, and C schools

have several students with high, medium, and low mathematical beliefs, each with percentages above
12%.

Description of the Level of Numeracy Ability and Achievement in Content, Context, and Cognitive
Level Based on Mathematical Belief

Students' numeracy ability, which in this study included numeracy ability levels and component
achievement, was reviewed based on each student's mathematical belief level: high, medium, and low.

Figure 1 shows the percentage of numeracy ability at the proficient, capable, basic, and needs intervention
levels in each mathematical belief category.

|| - I| - 1l
HIGH MEDIUM LOW

m Proficient W Capable Basic W Needs Intervention

Figure 1. Percentage of students' numeracy ability level based on the mathematical belief category
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Based on Figure 1, four levels of numeracy ability are presented according to three categories of
mathematical belief. Each category of mathematical belief is dominated by capable students with
percentages that do not differ significantly. In the high mathematical belief category, the percentage of
students with proficient and capable levels was the same, at 42.31%. Only 2.56% of students with high
mathematical beliefs required special intervention. Conversely, in the low mathematical belief category,
only 8% of students were proficient. This data shows the largest difference, at 34.31%, between the
number of students with proficient levels with high mathematical beliefs and the number of students with
proficient levels with low mathematical beliefs.

HIGH N

m Number W Geometry and Measurement Algebra

Figure 2. Percentage of numeracy content components based on the mathematical belief category

Based on the results, students' abilities in algebra content were the lowest compared to other
content in each category of mathematical belief. This condition is as researched by Yuliany et. al. (2024)
which shows significant difficulty when students complete mathematical literacy or numeracy problems

related to algebraic content.
i? \ 2 ‘,‘ ..l l - -A-

® Personal W Sooo-cultur ¥ Scsentific

Figure 3. Percentage of numeracy context components based on mathematical belief category

Based on these results, both high, medium, and low levels of mathematical belief show that
achievement in the socio-cultural context is the lowest compared to the personal and scientific contexts.
Students' beliefs in the numeracy context are related to their belief that mathematics is not just a
collection of formulas that must be memorized, but also their perceived application in the context of
everyday life, as is the general understanding of numeracy. Lestari (2024) stated that some students
admitted to not understanding the use of mathematics in real life. The low achievement of students' socio-
cultural context in all categories of mathematical belief, based on the data in Figure 3, is also explained by
Rezky et al. (2022) The difficulties that students experience in solving numeracy problems in a socio-
cultural context with geometric content are how to interpret the problems in the questions and the
difficulty in determining the strategy to use.
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Figure 4. Percentage of cognitive level components of numeracy based on the mathematical belief
category

Data shows that students' numeracy ability at the applying level is still low, whether viewed from
high, medium, or low mathematical belief levels. Research by Viyana et al. (2025) shows that students
still make mistakes in using strategies to solve numeracy problems. Conversely, the highest percentage is
at the knowing level. This means that students' ability to understand mathematical concepts is better than
their ability to apply and reason, which is strengthened by Defi et al. (2021) with research results showing
a significant relationship between mathematical belief and students' mastery of mathematical concepts.

The Relationship between Students' Numeracy Abilities and Mathematical Beliefs

The correlation test was used in this study to examine the relationship between students'
numeracy ability and their mathematical beliefs. The SPSS test showed a sig.= 0.000 < 0.05, indicating a
significant relationship between numeracy ability and mathematical beliefs. Furthermore, the correlation
coefficient of 0.441 indicates a positive but moderate relationship. Quantitatively, this finding is
supported by the results of research by Imran (2019) dan Zuliyati (2020) which explains that students'
numeracy abilities are directly proportional to their mathematical beliefs.

Conclusions

Overall, the results show that the majority of eighth-grade students in Sleman Regency's
numeracy ability are at the capable level, with a percentage of 42.86%. Based on school strata, schools
with stratum A are dominated by proficient students at 50%, while schools with strata B and C are
dominated by capable students. Furthermore, the total score is used to calculate the percentage of
achievement for each numeracy component. The highest achievement is in number content at 69.82%,
personal context at 71.16%, and the cognitive level of knowing at 71.73%. On the other hand, the results
of the study indicate that there is an almost even distribution of the number of students in each category of
mathematical belief. Based on school strata, schools with stratum A are dominated by students with high
mathematical beliefs, while strata B and C are dominated by students with low mathematical beliefs. The
results of the study, by looking at the distribution of numeracy ability levels when viewed based on
mathematical belief, show that proficient students do not necessarily have high mathematical belief and
vice versa, students who require special intervention do not necessarily have low mathematical belief.
However, the correlation test can be concluded that there is a significant relationship with a sufficient
level of correlation between numeracy ability and mathematical belief.

The research findings provide field data related to students' numeracy abilities based on their
mathematical beliefs, which is important to note. Some things that can be done are that teachers need to
have a learning strategy or special approach to maintain their belief in mathematics with the aim of
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improving their numeracy abilities. Further research should examine other factors that influence
numeracy abilities, compiled with complete numeracy content, including data content and uncertainty,
which were not used in this study.
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