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ABSTRACT

This study aims to analyze the influence of basic mathematical ability on students’ motivation and
learning outcomes in fourth-grade elementary school. Using a quantitative ex post facto design, the
research involved 68 purposively selected students. Data were collected through a basic mathematics test,
a motivation guestionnaire, and a validated mathematics achievement test, with observations conducted
within one academic period. Multiple regression analysis was applied to examine direct and indirect
effects among variables. The results show that basic mathematical ability significantly predicts both
motivation and learning outcomes, with motivation serving as a mediating factor. These findings imply
that strengthening fundamental mathematical concepts is essential for improving students’ engagement
and academic performance.

Keywords: Basic Mathematical Ability; Learning Motivation; Learning Outcomes; Regression;
Elementary School

INTRODUCTION

Mathematics is a fundamental discipline that supports the development of students’ logical and
analytical thinking. In the early grades, students are introduced to essential concepts such as number
operations, measurement, and fractions, which function as the foundation for more advanced mathematics
(Amin & Pd, 2025). However, many elementary students still perceive mathematics as abstract and
difficult, leading to anxiety, low confidence, and reduced motivation—factors that significantly hinder
learning outcomes (Fitroh et al., 2018). These conditions highlight the need for learning approaches that
strengthen students’ basic skills and motivation.

National data reinforce this concern. The 2024 ANBK reported that students’ numeracy ability
remains at a lower—middle level with an average score of 27.22 (Kemendikbud, 2024), indicating a
persistent gap between curriculum expectations and actual achievement. Prior studies confirm that basic
mathematical skills are essential for higher-level understanding (Alcivar-Castro et al., 2023) and can be
improved through digital-based and adaptive learning media (Hamiyet, 2015; Bang, Li, & Flynn, 2023).
Observations at SD Muhammadiyah Sapen Yogyakarta also show that many students struggle with basic
skills, affecting both comprehension and motivation. Motivation itself is crucial for mathematics
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achievement, supported by studies emphasizing intrinsic motivation and perceived competence (A. Amin
et al., 2021; Hallarte et al., 2024; Sandman et al., 2025; Deci & Ryan, 2000).

Grounded in Piaget’s cognitive development theory (1970) and Bruner’s representation model
(1966), this study addresses a gap in prior research, which has rarely examined how basic mathematical
skills simultaneously influence motivation and learning outcomes in Indonesian elementary schools.
Although earlier studies have explored numeracy or motivation individually (Sari, 2021), integrated
analyses remain limited. Therefore, this study aims to analyze the influence of basic mathematical skills
on learning motivation and outcomes among fourth-grade students and to examine their role as a
simultaneous predictor within the framework of the Merdeka Belajar curriculum (Kemendikbudristek,
2021).

LITERATURE REVIEW
Basic Mathematical Ability

Basic mathematical ability serves as the foundational cognitive competence that enables students to
understand more complex mathematical concepts. Mastery of basic skills such as number operations,
measurement, and fundamental reasoning is essential, as these abilities function as the core structure
supporting subsequent learning (Amin & Pd, 2025; Alcivar-Castro et al., 2023). Previous research further
confirms that digital-based media and adaptive learning tools can effectively improve these foundational
competencies as well as students’ overall learning outcomes (Hamiyet, 2015; Bang, Li, & Flynn, 2023).
Supporting this view, L. & Akyuni (2024) reported that Indonesian elementary students show varying
levels of numeracy mastery, suggesting the need for improved instructional strategies. Based on this
theoretical and empirical foundation, the present study proposes the first hypothesis:
H1: Basic mathematical skills significantly influence students’ learning outcomes.

Motivation in Learning Mathematics

Motivation is a psychological factor that determines students’ persistence, engagement, and interest
in learning mathematics. Prior studies show that motivation plays a significant role in shaping
mathematics achievement at various grade levels (A. Amin et al., 2021). Intrinsic motivation is
strengthened when students perceive themselves as competent and capable, which aligns with findings by
Hallarte et al. (2024) and Sandman et al. (2025). Self-determination theory by Deci and Ryan (2000)
reinforces that students’ sense of competence is essential for developing intrinsic motivation. In the
Indonesian context, Laili (2016) demonstrated that motivation directly contributes to mathematics
achievement. These studies indicate that students with higher basic mathematical skills are more
confident and motivated when engaging in learning. Thus, the second hypothesis is proposed as follows:
H2: Basic mathematical skills significantly influence students’ learning motivation.

Learning Outcomes in Mathematics

Previous empirical findings also highlight the essential role of learning motivation in determining
mathematics achievement. Research consistently shows that higher motivation leads to improved learning
outcomes, as motivated students tend to exert greater effort and demonstrate more persistence in solving
mathematical problems (A. Amin et al., 2021; Laili, 2016).

Guided by this evidence, the third hypothesis is formulated as follows:

H3: Learning motivation significantly influences students’ learning outcomes.
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Based on the theoretical foundation and previous studies, the conceptual framework of this research
illustrates the relationships among the three variables: basic mathematical skills as the independent
variable, learning motivation as the mediating variable, and learning outcomes as the dependent variable.
The model positions learning motivation as a mediator that links basic mathematical skills to learning
outcomes, suggesting both a direct and indirect effect within the elementary school learning context.
Based on the independent and dependent variables that were used, the author describes the conceptual
framework as follows:

-

Basic “'v> Learning "“'7’ Learming
Mathematical Motivation Qutcomes
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Figure 1, Conceptual Framework

RESEARCH METHOD

This study employed a quantitative approach with an ex post facto causal-comparative design,
selected because the researcher did not manipulate the independent variable but examined existing
differences in students’ basic mathematical abilities and their effects on motivation and learning
outcomes. This aligns with Kerlinger’s explanation in Sugiyono (2017) that ex post facto research
investigates events that have already occurred to identify possible causal factors. The research was
conducted at SD Muhammadiyah Sapen Yogyakarta with a population of 82 fourth-grade students during
the first semester of the 2025/2026 academic year. A sample of 68 students was determined using the
Slovin formula with a 5% margin of error and selected through proportional random sampling to ensure
representativeness, following the recommendations of Sugiyono (2017) and Rachmawati (2022).
Inclusion and exclusion criteria were applied to ensure that the selected participants matched the research
objectives, and all procedures complied with ethical principles of confidentiality, informed consent, and
child protection as suggested by Creswell (2018) and Sugiyono (2019).

Data were collected using three instruments: a basic mathematics ability test, a learning motivation
guestionnaire, and academic documents. The mathematics ability test contained 20 multiple-choice items
covering arithmetic, fractions, measurement, and contextual problem-solving, while the motivation
questionnaire was based on a Likert scale and measured indicators such as interest, perseverance, self-
efficacy, achievement drive, and attitudes toward challenges. Both instruments were tested for validity
and reliability in accordance with Setiawan (2020). Secondary data in the form of summative
mathematics scores were obtained from school records, consistent with the approach used by Suryani and
Sutopo (2021), who noted the importance of documented academic results as objective indicators of
learning outcomes. All instruments were administered in a classroom setting under normal conditions and
with prior permission from the school, teachers, and parents.

The collected data were analyzed through a series of quantitative procedures, beginning with data
cleaning, coding, and examination of distribution assumptions. Descriptive statistics were used to
summarize students’ basic mathematical abilities, learning motivation, and mathematics learning
outcomes. Before conducting inferential analysis, the data were tested for normality using the
Kolmogorov—-Smirnov or Shapiro-Wilk tests, for linearity using ANOVA, and for homogeneity using
Levene’s test. Inferential statistical techniques were then performed using SPSS 26, with a significance
level of o = 0.05. Simple linear regression was used to determine the effect of basic mathematical ability
on learning motivation, while multiple linear regression was conducted to analyze the effects of basic
mathematical ability and learning motivation on learning outcomes. The indirect effect of basic
mathematical ability through learning motivation was examined using a bootstrapped mediation
procedure, following the recommendation of Hayes (2017), which provides robust estimation for indirect
effects in social.
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RESEARCH RESULTS AND DISCUSSION

Research Results

This study involved 68 fourth-grade students of SD Muhammadiyah Sapen Yogyakarta, selected
through proportional random sampling from 10 learning groups. The research data collected consisted of

three variables, namely:

1. Basic Mathematical Ability (X), obtained through an objective test consisting of 20 multiple-
choice items covering number concepts, arithmetic operations, fractions, and measurement, with

a score range of 0-100.

2. Learning Motivation (Y1), obtained through a Likert-scale questionnaire (1-4: always, often,
sometimes, never) consisting of 30 statements that measured the dimensions of perseverance,
curiosity, responsibility, and achievement orientation.

3. Mathematics Learning Outcomes (Y2), obtained from students’ summative assessment scores in

mathematics.

Table 1. Descriptive Statistics of Each Variable

Variable N | Mean | Sd Minimum | Maximum | General
Category
Basic Mathematical Ability (X) 68 | 47.50 | 18.048 15 90 Low — High
Learning Motivation (Y1) 68 | 71.63 | 13.191 41 95 Low — High
Mathematics Learning Outcomes (Y2) | 68 | 69.15 | 16.183 35 98 Low — High

Based on the data in Table 1, in general, the results show that students’ basic mathematical ability
has an average score of 47.50 with a standard deviation of 18.048, indicating high variability and a
tendency toward the low-to-medium category. This suggests that students’ abilities vary widely, and
many still require reinforcement of fundamental mathematical concepts. Learning motivation has an
average score of 71.63 with a standard deviation of 13.191, indicating a relatively good and generally
positive level of motivation, although variations among students still exist. Meanwhile, mathematics
learning outcomes have an average score of 69.15 with a standard deviation of 16.183, which reflects an
achievement level in the medium-to-high category. However, the distribution is uneven, as some students
scored very low while others achieved very high results.

Overall, the findings indicate substantial variation in students’ abilities and learning outcomes,
while learning motivation tends to be good, making it a valuable asset for improving mathematics
achievement. These results show a wide distribution of scores from low to high, implying diverse student
characteristics in terms of basic abilities, learning motivation, and mathematics learning outcomes. The
data also suggest that although students generally demonstrate good motivation and fairly strong learning
outcomes, the notable differences in basic mathematical ability may influence imbalances in achievement
within the classroom. Therefore, adaptive instructional approaches are needed to accommodate variations
in students’ abilities and learning needs.

Before conducting regression analysis, a series of prerequisite tests were carried out to ensure data
eligibility, including normality tests, linearity tests, and homogeneity tests. The results of the normality
test using the Kolmogorov—-Smirnov test for the three variables showed that all data were normally
distributed, as indicated by significance values greater than 0.05.

Table 2. Normality Test Results

Variable Sig. (p) Description
Basic Mathematical Ability (X) 0.094 Normally distributed data
Learning Motivation (Y1) 0.200 Normally distributed data
Mathematics Learning Outcomes (Y2) 0.200 Normally distributed data
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Based on the results of the Kolmogorov—Smirnov normality test for the three research variables—
basic mathematical ability, learning motivation, and mathematics learning outcomes—it was found that
all significance values were above 0.05. This indicates that there is no significant difference between the
empirical data distribution and the normal distribution. Therefore, it can be concluded that all three
variables are normally distributed. The fulfillment of the normality assumption suggests that the data are
appropriate for further analysis in the next stages.

In multiple linear regression analysis, the data must exhibit linear relationships. Therefore, linearity
testing was conducted to examine the linear relationship between basic mathematical ability and learning
motivation, as well as between basic mathematical ability and mathematics learning outcomes. The
results of the linearity test using SPSS show that the relationship between basic mathematical ability and
learning motivation is linear. This is indicated by the significance value in the Linearity test of 0.000 (<
0.05), meaning that there is a significant linear relationship between the two variables. The linearity test
between basic mathematical ability and mathematics learning outcomes also demonstrates that both
variables have a linear relationship and meet the linearity assumption. This is shown by the significance
value in the Linearity test of 0.000 (< 0.05), indicating a significant linear relationship between the two
variables.

Moreover, the significance values in the Deviation from Linearity test—0.788 and 0.827 (> 0.05)—
indicate that there is no significant deviation from the linear pattern. Thus, it can be confirmed that the
relationship between basic mathematical ability and mathematics learning outcomes follows a stable
linear pattern. This condition ensures that the data are suitable for further analysis using parametric
statistical techniques that require the linearity assumption to be met.

Overall, the results of the linearity tests for basic mathematical ability, learning motivation, and
mathematics learning outcomes show that all variable pairs follow a linear relationship pattern. This is
demonstrated by significance values in the Linearity test that are below 0.05, indicating significant linear
relationships between the variables. Additionally, the significance values in the Deviation from Linearity
test, which are above 0.05, indicate that there is no significant deviation from the linear pattern.
Therefore, it can be concluded that the relationships among the variables in this study follow a consistent
and stable linear pattern. The fulfillment of the linearity assumption further strengthens the feasibility of
conducting advanced parametric statistical analyses such as linear regression or path analysis.

Thus, an increase in basic mathematical ability is followed by a proportional increase in both
learning motivation and learning outcomes. Conceptually, students who possess strong basic
mathematical skills tend to feel more confident and have stronger intrinsic motivation when learning
mathematics. This supports Bandura’s (1997) Self-Efficacy Theory, which states that individuals’
perceptions of their own abilities directly influence their level of motivation and academic performance.
The confirmed linearity further reinforces that the use of regression analysis in this study is statistically
and theoretically appropriate.

These findings are also consistent with Santrock’s (2018) view, which asserts that students’
perceptions of their academic competence influence their learning motivation. The higher a student’s
sense of capability in a particular subject, the greater their effort and persistence in learning. Therefore,
the linear relationship found in this study provides a strong foundation for the regression analysis
conducted in the subsequent stage.

The next prerequisite test is the homogeneity test, which is conducted to determine whether the
data from various groups of students have equal variances. Homogeneity of variance is one of the
fundamental assumptions in regression analysis; if this assumption is not met, the results may become
biased. Based on Levene’s Test, the significance values obtained were 0.065 for learning motivation and
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0.621 for mathematics learning outcomes. These significance values are greater than 0.05, indicating that
the variances across groups are homogeneous or equal.

This equality of variances indicates that there are no substantial differences in data dispersion
among student groups in terms of basic mathematical ability, learning motivation, or mathematics
learning outcomes. Thus, the data meet the homogeneity assumption required for conducting simple and
multiple regression analyses. This homogeneity strengthens the confidence that the subsequent analysis
results can be interpreted accurately and reliably.

Based on the results of the three prerequisite tests, it can be concluded that all basic assumptions of
regression analysis are fulfilled. The research data are normally distributed, the relationships among
variables are linear, and the variances across groups are homogeneous. Therefore, the data are appropriate
for further analysis using simple and multiple regression techniques to examine the influence of basic
mathematical ability on students’ motivation and learning outcomes.

The next step in the data analysis is regression analysis, which is used to examine the effect of
basic mathematical ability on learning motivation, as well as the effect of basic mathematical ability and
learning motivation on the mathematics learning outcomes of fourth-grade students at SD
Muhammadiyah Sapen Yogyakarta. The analysis was carried out in two stages—simple regression and
multiple regression—to determine the direct and indirect effects among the variables. The results of the
simple regression analysis indicate that basic mathematical ability has a significant influence on students’
learning motivation.

Table 3. Simple Linear Regression Analysis Results

Statistic Learning Motivation Score
Correlation Coefficient (R) 0.598
Coefficient of Determination (R?) 0.357
F-value 36.667
Sig. (p) 0.000
Regression Equation Y:=50.886 + 0.437X

Based on the results of the hypothesis testing using simple linear regression analysis, it was found
that basic mathematical ability has a significant effect on students’ learning motivation (p < 0.05). The R?
value of 0.357 indicates that 35.7% of the variation in learning motivation can be explained by basic
mathematical ability. For every 1-point increase in basic mathematical ability, students’ learning
motivation increases by 0.357 points.

Theoretically, this result is in line with Bandura’s (1997) Self-Efficacy Theory, which states that an
individual’s confidence in their own abilities (perceived competence) can enhance intrinsic motivation in
learning. Students with stronger basic mathematical skills tend to feel more confident in facing academic
challenges, which in turn increases their motivation to make efforts and achieve optimal learning
outcomes. These findings also support Rachmawati (2022), who stated that mastery of basic concepts
plays an important role in shaping motivation and persistence in learning mathematics among elementary
school students.

The second analysis conducted was multiple linear regression analysis. This analysis was used to
determine the extent to which basic mathematical ability and learning motivation jointly influence
students’ mathematics learning outcomes.
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Table 4. Model Summary and Multiple Regression F-Test

F
93.578

Model R
1 0.862

R2
0.742

Sig. (p)
0.000

Table 5. Multiple Regression Coefficients Table

Variable Coefficient (B) t Sig. (p) Description

Constant -1.725 -0.304 | 0.762 —
Basic Math(exmle;tlcs Ability 0233 3314 0.002 Significant
Learning Motivation (X2) 0.835 8.661 0.000 Significant

Regression Equation: Y2=-1.725 + 0.233X + 0.835X2

The results of the analysis in the table above indicate that basic mathematical ability and learning
motivation simultaneously have a significant effect on mathematics learning outcomes (p < 0.05). The R2
value of 0.862 shows that 86.2% of the variation in learning outcomes can be explained by these two
variables. The positive direction of the relationship indicates that increases in basic mathematical ability
and learning motivation are followed by increases in mathematics learning outcomes.

These findings reinforce the Self-Determination Theory by Deci and Ryan (2000), which
emphasizes that intrinsic motivation arises from feelings of competence and autonomy in learning.
Students with strong basic mathematical abilities tend to feel more competent, which in turn fosters
intrinsic motivation to continue achieving. This result is also consistent with the research of Blume,
Dresler, & Moeller (2021), which asserts that foundational numerical ability is a strong predictor of
mathematics achievement, as well as Setiawan’s (2020) findings that motivation acts as a strengthening
factor in the relationship between academic ability and learning achievement at the elementary school
level.

In addition to the direct effects, this study also analyzed the indirect effect of basic mathematical
ability on learning outcomes through learning motivation. The results of the bootstrapped mediation
analysis are presented in the table below:

Table 6. Indirect Effect (Mediation of Learning Motivation)

Path of
Influence |Direct Effect|Indirect Effect| Total Effect| Sig. (p) Description
X — Y 0.437 — 0.437 0.000 Significant
Y — Y2 1.025 — 1.025 0.000 Significant
X—>Y2 0.233 0.448 0.681 0.000 Mediation significant

The results of the bootstrapped mediation analysis show an indirect effect value of 0.448 with p <
0.05, indicating that learning motivation significantly mediates the influence of basic mathematical ability
on students’ learning outcomes. Thus, learning motivation is confirmed to function as a mediating
variable in the relationship between basic mathematical ability and mathematics learning outcomes. This
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means that strong basic mathematical skills not only have a direct effect on learning outcomes but also
enhance students’ learning motivation, which in turn contributes to higher academic achievement.

These findings align with McClelland’s Achievement Motivation Theory (1987), which
emphasizes that the drive to succeed (achievement motivation) is influenced by one’s perceived
competence and prior success experiences.

The results of the regression analyses conducted can be summarized in the table below:

Table 7. Summary of Regression Analysis Results

Relat'(\)/r;:rr;;%li Stween R Rz | Sig. (p) Description
X—-Yi 0.661 | 0.437 | 0.000 Significant
X—Y: 0.681 | 0.464 | 0.000 Significant
Yi—Y: 0.824 | 0.679 | 0.000 Significant
X — Y. throughY: 0.443 — 0.000 Significant mediation

The results of the study indicate that basic mathematical ability is an important factor in enhancing
students’ motivation and learning outcomes. Students with strong basic skills tend to have higher self-
confidence and stronger learning motivation, which ultimately contributes to more optimal learning
achievement. These findings align with the Self-Determination Theory (Deci & Ryan, 2000), which
emphasizes that intrinsic motivation develops from a sense of competence and autonomy in learning. In
addition, the results of this study are consistent with the findings of Blume, Dresler, & Moeller (2021)
and Setiawan (2020), which show that basic numerical abilities and intrinsic motivation are strong
predictors of mathematics achievement among elementary school students.

DISCUSSION

The results of the study indicate that basic mathematical ability has a significant effect on students’
learning motivation. The correlation value of 0.661 (p < 0.05) suggests that the higher the students’ basic
mathematical skills, the stronger their internal drive to learn mathematics. Students who understand
fundamental concepts well tend to feel more confident and show greater persistence when facing learning
challenges.

This finding supports Bandura’s (1997) Self-Efficacy Theory, which states that belief in one’s own
abilities enhances intrinsic motivation to achieve success. In the context of mathematics learning in
elementary school, basic skills such as numerical operations, fractions, and measurement serve as the
foundation for developing a sense of academic competence. When students are able to solve basic
problems correctly, they become more motivated to tackle more complex material. This study also aligns
with Rahmawati (2022), who reported that basic numerical ability is positively related to mathematics
learning motivation among elementary students. This highlights that mastery of basic skills is not only a
cognitive factor but also a trigger for affective aspects that support the learning process.

Furthermore, the results of the regression analysis show that basic mathematical ability has a
significant effect on students’ mathematics learning outcomes, with a correlation value of 0.681 (p <
0.05). This means that students who have strong mastery of fundamental mathematical concepts tend to
achieve better learning outcomes. Basic skills function as the foundation for mastering advanced
concepts, so students who are proficient in basic operations—such as addition, subtraction, multiplication,
and division—are more likely to understand more complex topics such as geometry, fractions, and simple
algebra.
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These findings reinforce the views of Kilpatrick, Swafford, and Findell (2001), who state that
proficiency in basic skills is a prerequisite for achieving higher-level mathematical competence. The
results also align with the study by Blume, Dresler, and Moeller (2021), which found that basic numerical
ability is a strong predictor of mathematics achievement in elementary school. Therefore, strengthening
basic skills can be considered a preventive step against future mathematics learning difficulties.

Learning motivation also has a significant effect on mathematics learning outcomes (R = 0.824; p <
0.05). Students with high learning motivation are more likely to demonstrate positive attitudes toward
mathematics, actively participate in learning, and show persistence in completing tasks. Motivation serves
as a psychological force that drives students to achieve learning goals and sustain their engagement in the
learning process.

This finding aligns with Deci and Ryan’s (2000) Self-Determination Theory, which emphasizes the
importance of intrinsic motivation in learning. Curiosity, interest in challenges, and the need to feel
competent are key drivers of academic success. These findings are further supported by Setiawan (2020),
who found that intrinsic motivation is positively correlated with learning achievement among elementary
students. Thus, mathematics instruction that fosters self-confidence, curiosity, and active engagement will
positively impact students’ learning outcomes.

In addition to the direct effect, this study also found an indirect effect of basic mathematical ability
on learning outcomes through learning motivation as a mediating variable (indirect effect = 0.443; p <
0.05). This indicates that basic mathematical ability not only contributes directly to learning outcomes but
also indirectly enhances learning outcomes by strengthening students’ motivation. Students with good
basic mathematical skills tend to feel more capable and comfortable during learning, which in turn
increases their motivation to continue practicing and improving their academic performance.

This mediation mechanism illustrates that cognitive aspects (basic ability) and affective aspects
(learning motivation) interact in shaping students’ academic performance. This result is consistent with
Yuliana (2021), who emphasized that learning motivation strengthens the relationship between prior
ability and academic achievement. Therefore, in the context of elementary education, learning motivation
serves as an important bridge linking basic mathematical ability with optimal learning outcomes.

CONCLUSION

The results of this study indicate that basic mathematical ability has a significant influence on both
learning motivation and learning outcomes of fourth-grade students at SD Muhammadiyah Sapen
Yogyakarta. Learning motivation was also found to have a significant effect on learning outcomes, with a
stronger contribution compared to the other variables. In addition, the mediation analysis confirmed that
learning motivation plays a significant mediating role in the relationship between basic mathematical
ability and learning outcomes. These findings emphasize that improving students’ basic mathematical
skills will have a more optimal impact on learning outcomes when accompanied by high learning
motivation. Thus, internal student factors—particularly basic ability and learning motivation—are key
determinants of success in learning mathematics. The implications of this study suggest the need for
learning strategies that not only strengthen basic mathematical skills but also actively enhance students’
motivation through approaches that are engaging, contextual, and aligned with students’ learning needs.
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