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quantitative ex post facto design was employed, and the data were
analyzed using path analysis to investigate the proposed causal
relationships. Descriptive findings showed that students’ critical
thinking ability was at a moderate level (M = 75.6), self-efficacy was
high (M = 61.5), metacognitive awareness was high (M = 89.3), and
achievement motivation was moderate (M = 58.4). However,
mathematics achievement was also only at a moderate level (M =
59.6). The results revealed that critical thinking ability had a
significant direct effect on mathematics achievement (f = 0.1470, p =
0.045). By contrast, self-efficacy (B = -0.0906, p = 0.785),
metacognitive awareness (f = 0.0927, p = 0.561), and achievement
motivation (f = 0.3753, p = 0.141) did not show significant direct
effects on mathematics achievement. In the first path model, only self-
efficacy (B = 0.9256, p < 0.001) and metacognitive awareness (f =
0.1274, p = 0.027) significantly predicted achievement motivation.
Overall, the model explained only 3.07% of the variance in
mathematics achievement (R? = 0.0307). These findings indicate that
critical thinking ability is the only variable in the model that
significantly predicts mathematics achievement, while other factors
outside the model may have a more substantial role.
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Introduction

Improving the quality of education remains a central concern in efforts to prepare students
for increasingly complex social and intellectual demands. Education is not merely a process of
transmitting knowledge, but a deliberate and systematic effort to create learning environments
in which students can develop their intellectual, social, emotional, and moral potential (Gulkilik
et al., 2020; Weiland et al., 2020; Yurekli, Stein, et al., 2020). In this context, the quality of
classroom learning becomes a decisive factor, because educational success depends not only on
what is taught, but also on how students engage with ideas, tasks, and learning challengesc
(Callingham & Siemon, 2021; Hackenberg et al., 2021). Mathematics education holds a
particularly important position within this agenda, as it is expected to foster logical, analytical,
critical, and creative thinking that supports both academic development and everyday problem
solving (Geretschldger & Donner, 2022; Vidic et al., 2022).

Despite its importance, mathematics achievement remains a persistent challenge in
Indonesia. Mathematics is a compulsory subject across all levels of formal education and serves
as a key indicator of instructional effectiveness (H. S. Lee et al., 2023). However, empirical
evidence continues to show that Indonesian students’ performance in mathematics is relatively
low. The results of PISA 2022 indicate that Indonesia’s average mathematics score declined to
366, remaining far below the OECD average (Safrudiannur & Rott, 2019). Although
Indonesia’s ranking slightly improved compared with the previous cycle, only a small
proportion of students achieved the minimum level of mathematical proficiency (Cromley et
al., 2017). These findings suggest that many students still struggle to develop adequate
conceptual understanding and problem-solving competence in mathematics. This condition
calls for closer attention to the factors that shape students’ mathematics achievement.

Academic achievement is influenced by a combination of external and internal factors.
External factors include instructional methods, classroom climate, and family support, whereas
internal factors are more directly associated with students’ cognitive and affective functioning
(Ma’rufi et al., 2020; Ogrodzka-Mazur et al., 2017; Sahin et al., 2020). Among these internal
factors, critical thinking, self-efficacy, metacognitive awareness, and achievement motivation
are frequently identified as important predictors of successful learning (Y. Lee et al., 2019).
Internal factors are especially important because they influence how students interpret academic
demands, regulate their learning processes, and persist when facing difficulty. Understanding
the role of these variables is therefore essential for designing learning environments that are
more responsive to students’ needs and more effective in improving mathematics achievement.

Self-efficacy is one of the internal variables most consistently associated with academic
success. Regier & Savic (2020) defines self-efficacy as individuals’ beliefs in their capability
to organize and execute the actions required to attain desired outcomes. In mathematics
learning, self-efficacy influences how students approach difficult tasks, respond to failure, and
sustain effort during problem solving. Students with higher self-efficacy are more likely to
persist, apply effective strategies, and participate actively in learning activities, whereas those
with lower self-efficacy tend to avoid challenge and disengage more easily. Previous studies
have reported a positive relationship between self-efficacy and mathematics achievement
(Hamidy et al., 2023; Street et al., 2022; Yurekli, et al., 2020), suggesting that students’ beliefs
about their capability may meaningfully shape their learning outcomes.

Metacognitive awareness is another important factor in mathematics learning. Hartmann
et al., (2024) conceptualized metacognition as individuals’ awareness and regulation of their
own thinking processes, including planning, monitoring, and evaluating learning strategies. In
mathematics, metacognitive awareness helps students assess whether they understand a
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problem, select appropriate procedures, and reconsider ineffective strategies. Students with
stronger metacognitive awareness are generally better able to regulate their learning and solve
complex tasks efficiently. Prior research has shown that metacognition contributes positively
to academic performance, particularly in domains that require higher-order thinking (Hartmann
et al., 2024; Hoang, 2020). In mathematics, metacognitive regulation is especially relevant
because successful problem solving often depends not only on what students know, but also on
how well they manage their thinking while working through unfamiliar situations.

Critical thinking also occupies a central role in mathematics learning. Kuntze et al.,
(2017) defines critical thinking as reflective and rational thinking directed toward deciding what
to believe or do. In mathematics, this ability enables students to evaluate information, examine
assumptions, justify procedures, and draw conclusions based on evidence and logical reasoning.
Students with stronger critical thinking skills are more likely to develop deeper conceptual
understanding and to solve problems more effectively than those who rely only on routine
procedures. Empirical studies have shown that critical thinking is positively associated with
mathematics achievement (Kuntze et al., 2017; Lehmann, 2023; Zanden et al., 2020). This
suggests that mathematics learning outcomes may improve when students are encouraged to
reason carefully, question information, and construct well-supported conclusions.

In addition to these cognitive and self-regulatory variables, achievement motivation may
play an important mediating role. Achievement motivation refers to the drive to attain success,
meet standards of excellence, and persist in academic tasks (Khozaei et al., 2022). Students
with stronger achievement motivation tend to show greater effort, persistence, and willingness
to face academic challenges. In contrast, students with weaker motivation are more likely to
avoid demanding tasks and disengage when difficulties arise. From a theoretical perspective,
achievement motivation may strengthen the effect of critical thinking, self-efficacy, and
metacognitive awareness on mathematics achievement, because these internal resources may
be translated into performance more effectively when students are motivated to achieve. This
makes achievement motivation a relevant mediating variable in explaining how internal factors
are linked to academic outcomes.

Although previous studies have demonstrated positive associations between critical
thinking, self-efficacy, and mathematics achievement (Regier & Savic, 2020; Street et al.,
2022), important gaps remain. First, most prior studies have examined these variables
separately rather than within an integrated explanatory model. Second, limited attention has
been given to the simultaneous roles of critical thinking, self-efficacy, and metacognitive
awareness in predicting mathematics achievement through achievement motivation. Third,
evidence at the junior secondary school level remains relatively scarce, even though this stage
is crucial for the development of students’ mathematical reasoning and learning dispositions.
As a result, the direct and indirect relationships among these internal factors have not yet been
sufficiently clarified.

This study addresses these gaps by examining critical thinking, self-efficacy, and
metacognitive awareness simultaneously within a single causal model, with achievement
motivation positioned as a mediating variable. The study focuses on eighth-grade students in
Tana Lili District, a context that has received limited empirical attention in the literature. The
contribution of this study lies in providing a more integrated understanding of how students’
internal cognitive and motivational factors interact in shaping mathematics achievement. Such
an approach is expected to extend the current literature beyond isolated bivariate relationships
and offer a more comprehensive account of the mechanisms underlying mathematics learning
outcomes.

Accordingly, this study aims to analyze the direct and indirect effects of critical thinking,
self-efficacy, and metacognitive awareness on mathematics achievement through achievement
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motivation among eighth-grade junior secondary school students in Tana Lili District. The
findings are expected to contribute theoretically to the literature on internal determinants of
mathematics achievement and practically to support teachers and schools in designing
instructional strategies that strengthen both students’ cognitive capacities and their motivational
engagement in mathematics learning.

Method
Design

This study employed a quantitative ex post facto design to examine the causal
relationships among critical thinking ability, self-efficacy, metacognitive awareness,
achievement motivation, and students’ mathematics achievement. Ex post facto research
focuses on analyzing variables and conditions that have already occurred without manipulation
by the researcher. This design was considered appropriate because the study aimed to
investigate both the direct and indirect effects among the variables within a naturally occurring
educational context.

Population and Sample

The population of this study consisted of all junior secondary school students in Tana Lili
District during the 2025/2026 academic year. The sample was selected using cluster random
sampling to obtain a representative sample of the population. In the first stage, students were
grouped into three grade levels, namely Grades VII, VIII, and IX. In the second stage, one grade
level was randomly selected, and Grade VIII was chosen as the study sample. After the target
grade had been determined, the sample size was calculated. The total population of Grade VIII
students across all junior secondary schools in Tana Lili District was approximately 350
students. These 121 students were then selected proportionally from each school with Grade
VIII classes to ensure balanced representation. As a result, the sample was distributed across
all junior secondary schools in Tana Lili District, which improved the representativeness and
generalizability of the findings.

Instruments

Data were collected using five instruments: a self-efficacy questionnaire, a metacognitive
awareness questionnaire, an achievement motivation questionnaire, a critical thinking test, and
a mathematics achievement test. The questionnaire instruments employed a four-point Likert
scale with both favorable and unfavorable items to reduce response bias. The self-efficacy
questionnaire consisted of 20 items, the metacognitive awareness questionnaire 30 items, and
the achievement motivation questionnaire 20 items, while critical thinking was measured using
three essay items and mathematics achievement was assessed through an essay-based test. Prior
to the main study, all instruments were evaluated by expert validators to establish content and
construct validity and were subsequently piloted with 63 students outside the main sample. The
expert validation results showed that the instruments had very high validity, with coefficients
ranging from 0.833 to 0.854. Reliability was examined using Cronbach’s alpha in SPSS version
21, and all instruments met the acceptable reliability threshold of 0.60. These results indicate
that the instruments were appropriate for use in the study.
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Table 1. Summary of Instrument Validity and Reliability

Instrument Number of Validation Validity Cronbach’s Reliability
Items Coefficient Category Alpha Category
Self-efficacy questionnaire 20 0.833 Very high 0.849 Reliable
Metacognitive awareness 30 0.833 Very high 0.820 Reliable
questionnaire
Achievement motivation 20 0.854 Very high 0.852 Reliable
questionnaire
Critical thinking test 3 Validated by Valid 0.654 Reliable
experts

Mathematics achievement ~ Essay test 0.854 Very high - -
test
Procedure

Data were collected directly by the researcher from the selected sample in stages
according to the schedule agreed upon with each school. The instruments included a self-
efficacy questionnaire, a metacognitive awareness questionnaire, an achievement motivation
questionnaire, a critical thinking test, and a mathematics achievement test. Data on self-
efficacy, metacognitive awareness, and achievement motivation were obtained through
questionnaires, whereas data on critical thinking and mathematics achievement were collected
through essay-based tests. The questionnaires were scored based on students’ selected
responses, and the test results were used to represent students’ critical thinking ability and
mathematics achievement.

Analysis

The collected data were analyzed using descriptive and inferential statistics. Descriptive
statistics were used to summarize the data without making generalizations and included
the mean, median, variance, standard deviation, minimum score, and maximum score. These
statistics were intended to provide a clear overview of students’ critical thinking, self-efficacy,
metacognitive awareness, achievement motivation, and mathematics achievement. Inferential
statistics were used to test the proposed hypotheses. Prior to hypothesis testing, several
assumption tests were conducted, including normality, multicollinearity, linearity,
homoscedasticity, and outlier detection. Normality was tested using the Kolmogorov-Smirnov
test, with data considered normally distributed when p > .05. Multicollinearity was assessed
using the Variance Inflation Factor (VIF), and the independent variables were considered free
from multicollinearity when VIF < 5. Linearity was examined to determine whether the
relationships between variables were linear, with linearity assumed when the significance value
for deviation from linearity was greater than .05. Hypothesis testing was conducted using path
analysis in SPSS version 21 to estimate both the direct and indirect effects among the variables.
Path analysis was employed to explain the structural relationships among the exogenous
variables, the mediating variable, and the endogenous variable. In this study, X1 represented
critical thinking ability, X2 self-efficacy, X3 metacognitive awareness, X4 achievement
motivation, and Y mathematics achievement. The hypotheses tested in this study were as
follows:

Critical thinking ability has a direct effect on mathematics achievement.
Self-efficacy has a direct effect on mathematics achievement.
Metacognitive awareness has a direct effect on mathematics achievement.
Achievement motivation has a direct effect on mathematics achievement.
Critical thinking ability has a direct effect on achievement motivation.

MBS
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6. Self-efficacy has a direct effect on achievement motivation.

7. Metacognitive awareness has a direct effect on achievement motivation.

8. Critical thinking ability has an indirect effect on mathematics achievement through
achievement motivation.

9. Self-efficacy has an indirect effect on mathematics achievement through achievement
motivation.

10. Metacognitive awareness has an indirect effect on mathematics achievement through
achievement motivation.

Research Findings

Descriptive Results

Table 2 presents the descriptive statistics for all study variables. Among the five
variables, students reported relatively high levels of self-efficacy (M = 61.5) and metacognitive
awareness (M = 89.3), while critical thinking was moderate (M = 75.6). Achievement
motivation was also at a moderate level (M = 58.4), and mathematics achievement remained
moderate (M = 59.6). These results suggest that favorable internal characteristics were not fully
reflected in students’ mathematics achievement.

Table 2. Descriptive Statistics of the Study Variables

Variable N Mean Median SD Minimum Maximum
Critical thinking 121 75.6 67 223 33 100
Self-efficacy 121 61.5 60 6.91 46 80
Metacognitive awareness 121 89.3 86 102 73 117
Achievement motivation 121 584 55 9.27 47 82
Mathematics achievement 121  59.6 60 17.6 10 100

The categorical distributions are shown in Table 3. Critical thinking was mostly in
the moderate category (48.76%), self-efficacy in the high category (76.86%), metacognitive
awareness in the high category (46.28%), and achievement motivation in
the moderate category (77.69%). Mathematics achievement was
predominantly moderate (39.67%), followed by low (28.10%). Overall, the descriptive results
indicate that students tended to report positive internal dispositions, but their mathematics
achievement remained modest.

Table 3. Frequency Distribution of the Study Variables

Variable Category Frequency Percentage (%)

Critical thinking Very high 47 38.84
High 0 0.00
Moderate 59 48.76
Low 0 0.00
Very low 15 12.40

Self-efficacy Very high 1 0.83
High 93 76.86
Moderate 27 22.31
Low 0 0.00
Verylow 0 0.00

Metacognitive awareness ~ Very high 19 15.70
High 56 46.28
Moderate 46 38.02
Low 0 0.00

Verylow 0 0.00
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Achievement motivation ~ Very high 2 1.65
High 23 19.01
Moderate 94 77.69
Low 2 1.65
Very low 0 0.00

Mathematics achievement Very high 5 4.13
High 21 17.36
Moderate 48 39.67
Low 34 28.10
Verylow 13 10.74

Assumption Testing

Prior to path analysis, assumption tests were performed. As shown in Table 4, all
normality tests produced p values greater than .05, indicating that the data were normally

distributed.
Table 4. Normality Test Results
Test Statistic p
Shapiro-Wilk 0.990 0.495
Kolmogorov-Smirnov  0.0639  0.706
Anderson-Darling 0.336 0.504

The multicollinearity test results in Table 5 show that all VIF values were below 5 and
all tolerance values exceeded 0.10, indicating no serious multicollinearity among the predictors.

Table S. Multicollinearity Test Results
Variable VIF Tolerance
Achievement motivation 1.06 0.941
Metacognitive awareness 2.25 0.444
Self-efficacy 1.07 0.937
Critical thinking 2.14 0.467

The linearity test results are presented in Table 6. Because all significance values were
greater than .05, the relationships among the variables were considered linear.

Table 6. Linearity Test Results

Relationship Between Variables p
Critical thinking x mathematics achievement 0.228
Self-efficacy x mathematics achievement 0.155

Metacognitive awareness x mathematics achievement 0.109
Achievement motivation x mathematics achievement  0.229
Critical thinking x achievement motivation 0.237
Self-efficacy x achievement motivation 0.728
Metacognitive awareness X achievement motivation  0.247

Path Analysis Results

Path Model I examined the effects of critical thinking, self-efficacy, and metacognitive
awareness on achievement motivation. As shown in Table 7, self-efficacy significantly
predicted achievement motivation (B = 0.6900, p < .001), and metacognitive awareness also
had a significant positive effect (= 0.1399, p= .027). In contrast, critical thinkingdid not
significantly predict achievement motivation ( = 0.0820, p = .196).
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Table 7. Path Coefficients for Model I Predicting Achievement Motivation

. . Standardized 95% CI 95% CI
Predictor Estimate SE t p Estimate Lower Upper
Intercept -12.5045 6.7235 -1.86 0.065
Critical thinking 0.0341  0.0262 1.30 0.196 0.0820 -0.0429 0.207
Self-efficacy 0.9256  0.0853 10.85 <001 0.6900 0.5640 0.816
Metacognitive 0.1274  0.0568 2.25 0.027 0.1399 0.0165 0.263
awareness

The model fit indices for Path Model I are reported in Table 8. The predictors
explained 55.6% of the variance in achievement motivation, indicating substantial explanatory
power.

Table 8. Model Fit for Path Model I
Model R R*  Adjusted R?
1 0.746  0.556 0.545

The structural equation for Path Model I was:

X, = 0.03X; + 0.93X, + 0.13X5 + 0.66

Path Model II examined the effects of critical thinking, self-efficacy, metacognitive
awareness, and achievement motivation on mathematics achievement. As shown in Table 9,
only critical thinking had a significant direct effect on mathematics achievement (=
0.1856,p= .045). The effects ofachievement motivation (p= .141), metacognitive
awareness (p = .561), and self-efficacy (p = .785) were not significant.

Table 9. Path Coefficients for Model II Predicting Mathematics Achievement

Predictor Estimate SE ¢ Stand.ardlzed 95% CI 95% CI
Estimate Lower Upper

Intercept 23.8818 18.7017 1.277 0.204
Critical thinking 0.1470  0.0724 2.029 0.045 0.1856 0.00445 0.367
Achievement 03753 0.2534 1.481 0.1410.1972 -0.06651 0.461
motivation
Metacognitive 0.0927 0.1589 0.584 0.561 0.0535 -0.12802 0.235
awareness
Self-efficacy -0.0906 03313 .. 0.785-0.0355 -0.29237 0.221

As shown in Table 10, Path Model II explained only 8.78% of the variance in
mathematics achievement, indicating limited predictive power.

Table 10. Model Fit for Path Model 11
Model R R? Adjusted R?
1 0.296 0.0878 0.0563

The structural equation for Path Model II was:

Y = 0.15X, — 0.09X, + 0.09X5 + 0.38X, + 0.955
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Hypothesis Testing

The direct-effect results are summarized in Table 11. The findings show that critical
thinking significantly predicted mathematics achievement, while self-efficacy, metacognitive
awareness, and achievement motivation did not. In addition, self-efficacy and metacognitive
awareness significantly predicted achievement motivation, whereas critical thinking did not.

Table 11. Summary of Direct Effects

Hypothesis Path i} p Decision
H1 Critical thinking — mathematics achievement 0.1470 0.045 Supported

H2 Self-efficacy — mathematics achievement -0.0906 0.785 Not supported
H3 Metacognitive awareness — mathematics achievement 0.0927 0.561 Not supported
H4 Achievement motivation — mathematics achievement 0.3753 0.141 Not supported
HS Critical thinking — achievement motivation 0.0341 0.196 Not supported
H6 Self-efficacy — achievement motivation 0.9256 <.001 Supported

H7 Metacognitive awareness — achievement motivation 0.1274 0.027 Supported

The indirect effects through achievement motivation are reported in Table 12. The
indirect effect of critical thinking on mathematics achievement was very small (0.0114),
indicating that its direct effect was stronger than its mediated effect. The indirect effect of self-
efficacy was larger (0.3534), but because the path from achievement motivation to mathematics
achievement was not significant, this mediated effect should be interpreted cautiously. The
indirect effect of metacognitive awareness was also relatively small (0.0494).

Table 12. Summary of Direct and Indirect Effects Through Achievement Motivation

Exogenous Direct Effect on Mathematics p Indirect Effect Through
Variable Achievement (B) Achievement Motivation
Critical thinking 0.15 0.045 0.0114
Self-efficacy -0.09 0.785 0.3534
Metacognitive 0.09 0.561 0.0494
awareness
Achievement 0.375 0.141 -
motivation

Overall, the results indicate that critical thinking was the only variable that significantly
predicted mathematics achievement directly. Although self-efficacy and metacognitive
awareness significantly predicted achievement motivation, the mediating role of achievement
motivation was not supported because it did not significantly predict mathematics achievement.

Discussion

This study examined the relationships among critical thinking, self-efficacy,
metacognitive awareness, achievement motivation, and mathematics achievement among
eighth-grade students. The descriptive findings showed that self-efficacy and metacognitive
awareness were relatively high, whereas critical thinking, achievement motivation, and
mathematics achievement were only moderate. This pattern suggests that students’ positive
internal dispositions were not fully translated into stronger mathematics performance. In
practical terms, confidence in one’s ability and awareness of one’s own learning processes may
not be sufficient to produce higher achievement unless they are accompanied by strong
analytical skills and effective engagement with mathematical tasks (Hamidy et al., 2023; Street
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et al., 2022; Turan & Kog, 2018). This finding points to an important distinction between
perceived learning resources and actual academic performance in mathematics.

The main finding of this study is that critical thinking was the only variable that
significantly predicted mathematics achievement. This result highlights the central role of
higher-order thinking in mathematics learning. Mathematics achievement is not merely a
function of confidence or motivation, but also depends on students’ ability to examine
information, evaluate procedures, detect errors, and justify conclusions logically (Kinnear et
al., 2024; Odegaard et al., 2024; Paoletti et al., 2024). This finding is consistent with previous
studies emphasizing that critical thinking is closely linked to problem solving, mathematical
reasoning, and conceptual understanding. In this respect, the present study reinforces the
argument that mathematics instruction should move beyond routine procedures and provide
students with regular opportunities to engage in reflective and analytical reasoning (Fonger,
2019). The significant contribution of critical thinking also suggests that mathematics
achievement may be more strongly shaped by cognitive processing quality than by self-
perceptions alone.

By contrast, self-efficacy did not have a significant direct effect on mathematics
achievement, even though it significantly predicted achievement motivation. This result partly
diverges from studies that report a positive contribution of self-efficacy to academic
performance. A plausible explanation is that students’ reported confidence may not have
matched the actual cognitive demands of the mathematics tasks. Students may have believed
that they were capable, yet this belief may not have been strong enough to support successful
performance on tasks requiring deep conceptual understanding and non-routine reasoning
(Kaiser et al., 2025). Another explanation is that self-efficacy may operate more strongly as a
motivational condition than as a direct academic predictor in this context. The finding that self-
efficacy significantly predicted achievement motivation supports this interpretation. Thus, self-
efficacy remains important, but its influence in this study appears to be more psychological than
directly performance-based.

A similar pattern emerged for metacognitive awareness. Although metacognitive
awareness significantly predicted achievement motivation, it did not significantly predict
mathematics achievement. This finding should not be taken to mean that metacognition is
unimportant in mathematics learning. Rather, it suggests that students’ metacognitive
awareness may not yet have developed into effective metacognitive regulation during actual
problem solving. At the junior secondary level, students may know that planning, monitoring,
and evaluating strategies are important, but they may not consistently apply these processes
when working on mathematics tasks (Jeannotte & Kieran, 2017; Scheibling-Seve et al., 2020;
Vamvakoussi, 2017). This distinction between awareness and enactment is critical. Prior
studies have often found positive associations between metacognition and achievement, but
such effects tend to be stronger when metacognition is examined in task-specific or
performance-based contexts rather than through self-report measures alone. Therefore, the non-
significant direct effect found here may reflect a gap between what students know about
learning strategies and how effectively they use them in mathematics.

Achievement motivation also did not significantly predict mathematics achievement. This
result suggests that stronger motivation did not automatically lead to better mathematics
performance in this sample. One possible explanation is that students’ motivation may have
been oriented more toward external outcomes, such as scores or approval, than toward mastery
of mathematical concepts. If so, motivation may have encouraged participation or effort, but
not necessarily the kind of deep cognitive engagement needed for success in mathematics.
Another explanation lies in the instructional context (Milenkovi¢ & Stevani¢, 2025; Rincon et
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al., 2025). When classroom learning is strongly outcome-oriented, motivated students may still
lack sufficient opportunities to develop reasoning, conceptual understanding, and strategic
flexibility. This finding indicates that motivation alone is not enough. It must be supported by
learning environments that channel students’ effort into meaningful mathematical thinking.

The indirect effects also need to be interpreted carefully. Although the indirect coefficient
of self-efficacy through achievement motivation was numerically larger than its direct
coefficient, the pathway from achievement motivation to mathematics achievement was not
significant. For this reason, the results do not provide strong evidence for a confirmed mediating
role of achievement motivation. The same caution applies to metacognitive awareness. Its
indirect effect through achievement motivation was relatively small, and the statistical basis for
mediation remains weak (Khozaei et al., 2022; Rogowska et al., 2022). Therefore, the indirect
effects identified in this study are better understood as indicative patterns rather than conclusive
mediation. This is an important point because it prevents overinterpretation of the path model
and keeps the discussion aligned with the empirical evidence.

Another important result is the contrast between the explanatory power of the two path
models. The first model explained a substantial proportion of the variance in achievement
motivation, whereas the second model explained only a small proportion of the variance in
mathematics achievement. This suggests that self-efficacy and metacognitive awareness were
useful in explaining students’ motivational tendencies, but much less effective in explaining
their actual mathematics performance. In other words, mathematics achievement in this study
appears to have been shaped by a broader set of influences beyond the variables included in the
model. Factors such as prior mathematical knowledge, instructional quality, mathematics
anxiety, task difficulty, teacher support, and home learning conditions may have played more
decisive roles (Hsieh et al., 2025; Kaiser et al., 2025; Olsher et al., 2025). This limited
explanatory power should be acknowledged as an important boundary of the present findings.

These results carry clear implications for mathematics education. First, instructional
practice should place greater emphasis on developing students’ critical thinking because it was
the only variable that showed a direct and significant relationship with mathematics
achievement. Learning activities such as problem-based learning, open-ended tasks, reflective
questioning, and argument-based discussion are therefore highly relevant. Second, self-efficacy
and metacognitive awareness should still be strengthened, not because they directly improved
mathematics achievement in this study, but because they contributed significantly to
achievement motivation (Marufi et al., 2025). Third, efforts to enhance students’ motivation
should be accompanied by instructional designs that promote conceptual mastery and reasoning
rather than merely encouraging effort or performance orientation. A balanced mathematics
classroom should therefore integrate cognitive challenge, reflective learning, and psychological
support.

This study also has limitations. The use of self-report questionnaires for self-efficacy,
metacognitive awareness, and achievement motivation may not have fully captured how these
constructs operate during actual mathematics learning. In addition, the study was conducted in
one district and focused on Grade VIII students, which may limit the generalizability of the
findings. The relatively low explanatory power of the second model also suggests that important
variables were not included. Future studies should therefore consider incorporating additional
predictors, such as prior knowledge, mathematics anxiety, instructional quality, and classroom
climate, and may also benefit from using task-based or observational measures of metacognitive
regulation. Despite these limitations, the present study contributes to the literature by showing
that critical thinking remains the most relevant direct predictor of mathematics achievement,
whereas self-efficacy and metacognitive awareness are more closely associated with students’
motivational readiness than with achievement itself.
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Conclusion

This study examined the direct and indirect relationships among critical thinking, self-
efficacy, metacognitive awareness, achievement motivation, and mathematics achievement
among eighth-grade students. The findings showed that critical thinking was the only variable
that had a significant direct effect on mathematics achievement. In contrast, self-efficacy,
metacognitive awareness, and achievement motivation did not significantly predict
mathematics achievement. However, self-efficacy and metacognitive awareness significantly
predicted achievement motivation, indicating that these variables were more closely associated
with students’ motivational readiness than with their actual mathematics performance. The
indirect effects through achievement motivation were relatively weak, and the results did not
provide strong support for a meaningful mediating role of achievement motivation. These
findings suggest that improving mathematics achievement requires greater emphasis on
strengthening students’ critical thinking through learning experiences that promote reasoning,
analysis, and reflective problem solving. Future research should include additional variables,
such as prior knowledge, mathematics anxiety, instructional quality, and classroom climate, to
provide a more comprehensive explanation of students’ mathematics achievement.

Conflict of Interest

The author declares no conflict of interest.
Authors’ Contributions

The first author, A.S., conceived the research idea presented and collected the data. S.A., M..
and T.. were the supervisors in this research who actively participated in the development of
theory, methodology, organization and analysis of data, discussion of results, and approval of
the final version of the work. All authors declare that the final version of this paper has been

read and approved. The total percentage of contributions to the conceptualization, preparation,
and correction of this paper are as follows: A.S.: 40%, S.A.: 15%, M.: 15% and T.: 30%.

Data Availability Statement

The author declares that the data supporting the results of this study will be made available by
the corresponding author, [T.], upon reasonable request.

References

Callingham, R., & Siemon, D. (2021). Connecting multiplicative thinking and mathematical
reasoning in the middle years. Journal of Mathematical Behavior, 61(December 2020),
100837. https://doi.org/10.1016/j.jmathb.2020.100837

Cromley, J. G., Booth, J. L., Wills, T. W., Chang, B. L., Tran, N., Madeja, M., Shipley, T. F.,
& Zahner, W. (2017). Relation of Spatial Skills to Calculus Proficiency: A Brief Report.
Mathematical Thinking and Learning, 19(1), 55-68.
https://doi.org/10.1080/10986065.2017.1258614

Fonger, N. L. (2019). Meaningfulness in representational fluency: An analytic lens for
students’ creations, interpretations, and connections. Journal of Mathematical Behavior,
(October), 1-26. https://doi.org/10.1016/j.jmathb.2018.10.003


https://doi.org/10.1016/j.jmathb.2020.100837
https://doi.org/10.1080/10986065.2017.1258614
https://doi.org/10.1016/j.jmathb.2018.10.003

383
Kognitif: Jurnal Riset HOTS Pendidikan Matematika
https://doi.org/10.51574/kognitif.v6i1.4128 Volume 6, No 1, January - March 2026, pp. 371 — 386

Geretschldger, R., & Donner, L. (2022). Writing and choosing problems for a popular high
school mathematics competition. ZDM — Mathematics Education, (01234567809).
https://doi.org/10.1007/s11858-022-01351-9

Gulkilik, H., Moyer-Packenham, P. S., Ugurlu, H. H., & Yuruk, N. (2020). Characterizing the
growth of one student’s mathematical understanding in a multi-representational learning
environment. Journal of Mathematical Behavior, 58(March 2019), 100756.
https://doi.org/10.1016/j.jmathb.2020.100756

Hackenberg, A. J., Aydeniz, F., & Jones, R. (2021). Middle school students * construction of
quantitative unknowns x. Journal of Mathematical Behavior, 61(December 2020),
100832. https://doi.org/10.1016/j.jmathb.2020.100832

Hamidy, A., Maula, 1., & Lam, K.-F. T. (2023). The influence of online learning readiness on
mathematics achievement with mathematics self-efficacy as an intervening variable. A/-
Jabar : Jurnal Pendidikan Matematika, 14(2).
https://doi.org/10.24042/ajpm.v14i2.17929

Hartmann, L. M., Schukajlow, S., Niss, M., & Jankvist, U. T. (2024). Preservice teachers’
metacognitive process variables in modeling-related problem posing. Journal of
Mathematical Behavior, 76(September), 101195.
https://doi.org/10.1016/j.jmathb.2024.101195

Hoang, N. T. (2020). A model of organizing activities for training metacognitive skills for
primary education students in Mathematics teaching methodology courses. Vietnam
Journal of Education, 4(1). https://doi.org/10.52296/vje.2020.6

Hsieh, F. J., Wang, T. Y., Hsieh, C. J., & Chu, C. T. (2025). The relationships of preservice
teachers’ dispositions and noticing of technology-integrated mathematics teaching
activities. ZDM - Mathematics Education. https://doi.org/10.1007/s11858-025-01727-7

Jeannotte, D., & Kieran, C. (2017). A conceptual model of mathematical reasoning for school
mathematics. Educational Studies in Mathematics, 96(1). https://doi.org/10.1007/s10649-
017-9761-8

Kaiser, G., Konig, J., Krauss, S., Buchholtz, N., & Gruber, H. (2025). Are teacher expertise
and teacher competence complementary or contradictory research paradigms? Reflections
on a possible integration and first conceptualizations. ZDM - Mathematics Education.
https://doi.org/10.1007/s11858-025-01743-7

Khozaei, S. A., Zare, N. V., Moneghi, H. K., Sadeghi, T., & Taraghdar, M. M. (2022). Effects
of quantum-learning and conventional teaching methods on learning achievement,
motivation to learn, and retention among nursing students during critical care nursing
education. Smart Learning Environments, 9(1). https://doi.org/10.1186/s40561-022-
00198-7

Kinnear, G., Hood, G., Lardet, E., Sheard, C., & Foster, C. (2024). Lecturers’ use of questions
in undergraduate mathematics lectures. Journal of Mathematical Behavior,
76(September), 101190. https://doi.org/10.1016/j.jmathb.2024.101190

Kuntze, S., Aizikovitsh-Udi, E., & Clarke, D. (2017). Hybrid task design: connecting learning
opportunities related to critical thinking and statistical thinking. ZDM - Mathematics
Education, 49(6), 923-935. https://doi.org/10.1007/s11858-017-0874-4

Lee, H. S., Sanei, H., Famularo, L., Masters, J., Bradshaw, L., & Schellman, M. (2023).
Validating a concept inventory for measuring students’ probabilistic reasoning: The case
of reasoning within the context of a raffle. Journal of Mathematical Behavior, 71(June),
101081. https://doi.org/10.1016/j.jmathb.2023.101081

Lee, Y., Capraro, R. M., & Bicer, A. (2019). Affective Mathematics Engagement: a
Comparison of STEM PBL Versus Non-STEM PBL Instruction. Canadian Journal of


https://doi.org/10.51574/kognitif.v6i1.4128
https://doi.org/10.1007/s11858-022-01351-9
https://doi.org/10.1016/j.jmathb.2020.100756
https://doi.org/10.1016/j.jmathb.2020.100832
https://doi.org/10.24042/ajpm.v14i2.17929
https://doi.org/10.1016/j.jmathb.2024.101195
https://doi.org/10.1007/s11858-025-01727-7
https://doi.org/10.1007/s10649-017-9761-8
https://doi.org/10.1007/s10649-017-9761-8
https://doi.org/10.1007/s11858-025-01743-7
https://doi.org/10.1186/s40561-022-00198-7
https://doi.org/10.1186/s40561-022-00198-7
https://doi.org/10.1016/j.jmathb.2024.101190
https://doi.org/10.1007/s11858-017-0874-4
https://doi.org/10.1016/j.jmathb.2023.101081

384
Anwar Sadat, Syamsu Alam, Ma'rufi, and Taufiq | Determinants of Students’ Mathematics Achievement: The
Roles of Critical Thinking, Self-Efficacy, and Metacognitive Awareness Through Achievement Motivation

Science, Mathematics  and  Technology  Education, 19(3),  270-289.
https://doi.org/10.1007/s42330-019-00050-0
Lehmann, T. H. (2023). Using algorithmic thinking to design algorithms: The case of critical
path analysis. Journal of Mathematical Behavior, 7I1(August 2022), 101079.
https://doi.org/10.1016/j.jmathb.2023.101079
Ma’rufi, llyas, M., Salwah, Pasandaran, R. F., & Ikram, M. (2020). Exploration of pre-service
teachers’ pedagogical content knowledge in mathematics learning in senior high school
based on gender and academic skills. Journal for the Education of Gifted Young Scientists,
8(4), 1361-1371. https://doi.org/10.17478/jegys.780399
Marufi, M., Ilyas, M., Ikram, M., & Erbilgin, E. (2025). Assessing What Students Think About
Solving Word Problems: The Case of Reversible Reasoning in Students. Center for
Educational Policy Studies Journal. https://doi.org/10.26529/cepsj.2094
Milenkovié, A., & Stevanié, J. (2025). Integrating Cooperative Learning in Distance Education
for Methodology of Teaching Mathematics Course. Pedagogika-Pedagogy, 97(2).
https://doi.org/10.53656/ped2025-2.06
@degaard, R. P., Arnesen, K. K., & Langfeldt, M. B. (2024). Tools to support learning to plan
discussions that promote students’ mathematical reasoning. Journal of Mathematics
Teacher Education, (1). https://doi.org/10.1007/s10857-024-09668-w
Ogrodzka-Mazur, E., Szafranska, A., Malach, J., & Chmura, M. (2017). The use of E-learning
resources by academic teachers— A Polish-Czech comparative study. New Educational
Review, 50(4), 169—185. https://doi.org/10.15804/tner.2017.50.4.14
Olsher, S., Abdu, R., & Shalata, M. (2025). The relationships between student content-specific
grouping and teachers-students’ interactions during online collaborative mathematical
task  solving.  Educational  Studies in  Mathematics, 119(2), 249-268.
https://doi.org/10.1007/s10649-024-10382-w
Paoletti, T., Stevens, I. E., Acharya, S., Margolis, C., Olshefke-Clark, A., & Gantt, A. L.
(2024). Exploring and promoting a student’s covariational reasoning and developing
graphing meanings. Journal of Mathematical Behavior, 74(April), 101156.
https://doi.org/10.1016/j.jmathb.2024.101156
Regier, P., & Savic, M. (2020). How teaching to foster mathematical creativity may impact
student self-efficacy for proving. Journal of Mathematical Behavior, 57(September
2018), 100720. https://doi.org/10.1016/j.jmathb.2019.100720
Rincon, Y. R., Munarriz, A., & Magreian Ruiz, A. (2025). Flipped Classroom or flip to foster
self-regulation competencies in Mathematics in Economics and Business students.
International Journal of Educational Research, 130.
https://doi.org/10.1016/j.ijer.2025.102556
Rogowska, A. M., Tataruch, R., Niedzwiecki, K., & Wojciechowska-Maszkowska, B. (2022).
The Mediating Role of Self-Efficacy in the Relationship between Approach Motivational
System and Sports Success among Elite Speed Skating Athletes and Physical Education
Students. International Journal of Environmental Research and Public Health, 19(5).
https://doi.org/10.3390/ijerph19052899
Safrudiannur, & Rott, B. (2019). The different mathematics performances in PISA 2012 and a
curricula comparison: enriching the comparison by an analysis of the role of problem
solving in intended learning processes. Mathematics Education Research Journal, 31(2),
175-195. https://doi.org/10.1007/s13394-018-0248-4
Sahin, S., Sahin, E., Sagdilek, E., Vatansever, S., Birinci, Y. Z., Giingor, A. K., & Kiziltan, E.
(2020). The Comparison of Mental Rotation Performances and Academic Achievements


https://doi.org/10.1007/s42330-019-00050-0
https://doi.org/10.1016/j.jmathb.2023.101079
https://doi.org/10.17478/jegys.780399
https://doi.org/10.26529/cepsj.2094
https://doi.org/10.53656/ped2025-2.06
https://doi.org/10.1007/s10857-024-09668-w
https://doi.org/10.15804/tner.2017.50.4.14
https://doi.org/10.1007/s10649-024-10382-w
https://doi.org/10.1016/j.jmathb.2024.101156
https://doi.org/10.1016/j.jmathb.2019.100720
https://doi.org/10.1016/j.ijer.2025.102556
https://doi.org/10.3390/ijerph19052899
https://doi.org/10.1007/s13394-018-0248-4

385
Kognitif: Jurnal Riset HOTS Pendidikan Matematika

https://doi.org/10.51574/kognitif.v6i1.4128 Volume 6, No 1, January - March 2026, pp. 371 — 386

in Students of the Faculty of Sport Sciences and Education Sciences. Journal of Education
and Learning, 9(3). https://doi.org/10.5539/jel.vOn3p66

Scheibling-Séve, C., Pasquinelli, E., & Sander, E. (2020). Assessing conceptual knowledge
through solving arithmetic word problems. Educational Studies in Mathematics, 103(3),
293-311. https://doi.org/10.1007/s10649-020-09938-3

Street, K. E. S., Malmberg, L. E., & Stylianides, G. J. (2022). Changes in students’ self-efficacy
when learning a new topic in mathematics: a micro-longitudinal study. Educational
Studies in Mathematics, 111(3), 515-541. https://doi.org/10.1007/s10649-022-10165-1

Turan, M. B., & Kog, K. (2018). The impact of self-directed learning readiness on critical
thinking and self-efficacy among the students of the school of physical education and
sports. International Journal of Higher Education, 7(6).
https://doi.org/10.5430/ijhe.v7n6p98

Vamvakoussi, X. (2017). Using analogies to facilitate conceptual change in mathematics
learning. ZDM - Mathematics Education, 49(4), 497-507.
https://doi.org/10.1007/s11858-017-0857-5

Vidic, T., Irena, K., & Duranovic, M. (2022). The role of teachers ’ support and enthusiasm in
predicting mathematics anxiety and confidence among students t. Journal of Eduaction
Elementary, 15(1), 51-69.

Weiland, T., Orrill, C. H., Nagar, G. G., Brown, R. E., & Burke, J. (2020). Framing a robust
understanding of proportional reasoning for teachers. Journal of Mathematics Teacher
Education, (0123456789). https://doi.org/10.1007/s10857-019-09453-0

Yurekli, B., Isiksal Bostan, M., & Cakiroglu, E. (2020). Sources of preservice teachers’ self-
efficacy in the context of a mathematics teaching methods course. Journal of Education
for Teaching, 00(00), 1-15. https://doi.org/10.1080/02607476.2020.1777068

Yurekli, B., Stein, M. K., Correnti, R., & Kisa, Z. (2020). Teaching mathematics for conceptual
understanding: Teachers’ beliefs and practices and the role of constraints. Journal for
Research in Mathematics Education, 51(2), 234-247.
https://doi.org/10.5951/jresematheduc-2020-0021

Zanden, P. J. A. C. Van Der, Denessen, E., Cillessen, A. H. N., Meijer, P. C., Zanden, P. J. A.
C. Van Der, Denessen, E., & Cillessen, A. H. N. (2020). Fostering critical thinking skills
in secondary education to prepare students for university: teacher perceptions and
practices.  Research  in  Post-Compulsory  Education, 25(4), 394-419.
https://doi.org/10.1080/13596748.2020.1846313

Author Biographies

Anwar Sadat is a graduate student in the Master’s Program in Mathematics
Education, Faculty of Teacher Training and Education, Universitas Cokroaminoto
Palopo. His research focuses on mathematical literacy.
Email: anwarsadat62@guru.smp.belajar.id



https://doi.org/10.51574/kognitif.v6i1.4128
https://doi.org/10.5539/jel.v9n3p66
https://doi.org/10.1007/s10649-020-09938-3
https://doi.org/10.1007/s10649-022-10165-1
ttps://doi.org/10.5430/ijhe.v7n6p98
https://doi.org/10.1007/s11858-017-0857-5
https://doi.org/10.1007/s10857-019-09453-0
https://doi.org/10.1080/02607476.2020.1777068
https://doi.org/10.5951/jresematheduc-2020-0021
https://doi.org/10.1080/13596748.2020.1846313
mailto:anwarsadat62@guru.smp.belajar.id

386
Anwar Sadat, Syamsu Alam, Ma'rufi, and Taufiq | Determinants of Students’ Mathematics Achievement: The
Roles of Critical Thinking, Self-Efficacy, and Metacognitive Awareness Through Achievement Motivation

Syamsu Alam is a lecturer in the Mathematics Education Study Program, Faculty
of Teacher Training and Education, Universitas Cokroaminoto Palopo. He
completed his doctoral degree in Mathematics Education at Universitas Negeri
Surabaya. His current research focuses on self-efficacy in mathematical problem
solving. Email: syamsu.alam@uncp.ac.id

Ma’rufi, is a professor in the field of mathematics education, and is currently
working in the Department of Mathematics Education, Faculty Teacher
Training and Education, Universitas Cokroaminoto Palopo, Indonesia. Her
research interests include mathematics education, Pedagogical Content Knowledge
Pedagogy, and mathematical thinking problems in mathematics.
Email: marufi@uncp.ac.id

Taufiq is a lecturer in the Mathematics Education Study Program, Faculty of
Teacher Training and Education, Universitas Cokroaminoto Palopo. He completed
his doctoral degree in Mathematics Education at Universitas Negeri Surabaya. His
current research focuses on teachers’ decision-making in developing HOTS-based
questions. Email: taufig@uncp.ac.id



mailto:syamsu.alam@uncp.ac.id
mailto:marufi@uncp.ac.id
mailto:taufiq@uncp.ac.id

