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academic achievement. These findings emphasize the importance of
assessing students' initial abilities and considering other contributing
factors to enhance learning outcomes.

Introduction

Education is a cornerstone of societal development, with effective learning processes being
critical at all educational levels. Within this context, the study of statistics is vital for fostering
critical thinking and analytical skills. However, statistics is often perceived as one of the most
challenging subjects due to its abstract nature and complex numerical data, requiring more than
mere memorization. Effective learning in statistics necessitates active engagement through
problem-solving and practical exercises.

Students face various challenges in learning statistics, influenced by both internal factors, such
as cognitive abilities and prior knowledge, and external factors like family background, school
environment, and socioeconomic conditions. According to Astuti (2015), early cognitive
development and intellectual readiness are crucial for students to grasp and integrate complex
information. Students with strong initial abilities tend to achieve better academic outcomes, as
their advanced cognitive skills facilitate deeper understanding and retention of the material
(Peng & Kievit, 2020; Castro-Alonso et al., 2021).

Recent research underscores the significance of initial abilities in determining academic
success. For instance, Simonsmeier et al. (2022) found that students' prior knowledge and skills
are strong predictors of future academic performance. This is supported by Schneider and
Semeraro et al. (2020), who demonstrated that initial academic skills and cognitive abilities are
critical determinants of success across various subjects, including mathematics and statistics.
These findings highlight the importance of assessing and supporting students' initial abilities
to optimize learning outcomes (Stanton et al., 2021; Shute et al., 2021).
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The relationship between initial ability and learning outcomes is crucial as it directly impacts
students' academic performance and progression. McTighe & Ferrara (2021) emphasizes that
initial abilities form the foundation for subsequent learning, determining a student's capability
to engage with and excel in new subjects. Biwer et al. (2020) further reinforce this by showing
that students with higher initial abilities are more likely to develop effective learning strategies
and achieve better academic results.

This study aims to explore the effect of initial abilities on the learning outcomes of students in
the Education Statistics course at STIT DDI Pasangkayu. By understanding this relationship,
educators can tailor their teaching strategies to support students' learning journeys effectively.
Identifying students' initial abilities early in the course enables educators to design appropriate
interventions and teaching methods that address individual learning needs, thereby enhancing
overall academic success. For example, differentiated instruction and targeted support for
students with lower initial abilities can help bridge the gap and improve their performance in
statistics.

Methods

This study employed a quantitative research design to investigate the relationship between
early cognitive development and learning outcomes in an Education Statistics course. The
primary objective was to determine how initial cognitive abilities influence students' academic
performance throughout the course.

The research focused on students enrolled in the Islamic Religious Education program at STIT
DDI Pasangkayu. The total population for this study consisted of 312 students, encompassing
various cohorts within the program. To ensure the study's relevance and manageability, a
purposive sampling technique was used to select a representative sample of 22 students from
the 2022 graduating cohort. This cohort was selected because it provided a recent and relevant
cross-section of students who had completed the course and for whom complete data were
available. The sample was chosen based on specific criteria, including the availability of
comprehensive academic records, consistent attendance, and participation in both the initial
and final assessments. The selected students exhibited a range of cognitive abilities, making
them suitable for examining the impact of these abilities on learning outcomes.

Data collection involved two key components: the assessment of baseline cognitive abilities
and the measurement of final academic performance. At the beginning of the course, students
were subjected to a standardized cognitive ability test designed to assess their readiness for the
Education Statistics course. This test aimed to measure key cognitive skills relevant to
understanding and applying statistical concepts, such as logical reasoning, numerical ability,
and pattern recognition. The initial cognitive ability test comprised multiple sections, each
focusing on different cognitive domains essential for statistical learning. These sections
included numerical reasoning, where students solved problems involving arithmetic, algebra,
and basic mathematical concepts to evaluate their ability to work with numbers and formulas.
Additionally, logical reasoning tasks required students to identify patterns, sequences, and
relationships between variables, simulating the kind of reasoning used in statistical analysis.
The test also included data interpretation exercises involving the interpretation of charts,
graphs, and data sets, assessing students' ability to extract and analyze information from visual
and numerical data. Each section of the test was scored separately, and the overall score was
computed as the average of the individual section scores. This total score served as a measure
of the students' initial cognitive abilities (independent variable, X), with scores ranging from 0
to 100, where higher scores indicated stronger cognitive abilities.
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The dependent variable (Y) in this study was the students' final academic performance in the
Education Statistics course, measured through their final exam scores. The final exam was
comprehensive, covering all major topics taught during the course, including descriptive
statistics, probability, inferential statistics, and hypothesis testing. The final exam consisted of
multiple-choice questions, short answer questions, and problem-solving exercises that required
students to apply statistical concepts to real-world scenarios. This format was chosen to assess
both their theoretical understanding and practical application of the material. The final exam
was graded on a scale of 0 to 100, with the scores recorded in the Class Grade List. These
scores were used as the primary measure of the students' learning outcomes.

To explore the relationship between initial cognitive abilities and final academic performance,
a series of statistical analyses were conducted using SPSS software. Correlation analysis was
employed to determine the strength and direction of the relationship between initial cognitive
abilities and learning outcomes, as indicated by the Pearson correlation coefficient (r). A
positive r-value would indicate a direct relationship, meaning that higher initial cognitive
abilities are associated with better learning outcomes. To further model the functional
relationship between the independent variable (initial cognitive abilities) and the dependent
variable (final academic performance), simple linear regression analysis was performed. This
analysis estimated the regression coefficient (b), representing the expected change in the final
exam score for each unit increase in the initial cognitive ability score. The regression equation
was then used to predict students' final performance based on their initial abilities. The
statistical significance of the regression model was tested using a p-value threshold of 0.05.
The null hypothesis (HO) was that there is no significant relationship between initial abilities
and learning outcomes. A p-value less than 0.05 would lead to the rejection of HO, confirming
a statistically significant relationship.

Results and Discussion

Below table presents the descriptive statistics for the two key variables in the study: initial
cognitive abilities and final learning outcomes.

Table 1. Descriptive Statistics for Initial Abilities and Learning Outcomes

Metric Initial Abilities | Learning Qutcomes
Mean 61.85 59.92
Standard Deviation 6.29 4.74
Minimum 60.67 55.67
Maximum 74.67 85.67

The mean initial ability score is 61.85, with a standard deviation of 6.29, indicating moderate
variability in students' baseline cognitive abilities. The minimum score of 60.67 suggests that
most students had a relatively uniform level of cognitive ability at the start, with the highest
score reaching 74.67, showing that there were some students with significantly stronger initial
abilities. For learning outcomes, the mean final exam score is slightly lower at 59.92, with a
standard deviation of 4.74, indicating less variability in the final scores compared to the initial
abilities. The range of scores, from 55.67 to 85.67, shows that while there were students who
performed well, there was a smaller spread in final performance compared to the variability
in initial cognitive abilities. This suggests that while students started with varying levels of
cognitive ability, their final performance tended to converge within a narrower range.

The lower variability in final exam scores compared to initial abilities might indicate that the
course content and teaching methods helped level the playing field for students, or it could
reflect the influence of other factors that minimized the differences in learning outcomes.
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Table 2. Correlation Analysis

Variable Correlation Coefficient (r)
Initial Abilities vs. Learning Outcomes 0.754

The correlation coefficient (r) of 0.754 indicates a strong positive relationship between
students' initial cognitive abilities and their learning outcomes in the Education Statistics
course. This positive correlation suggests that students with higher initial cognitive abilities
tend to achieve better final exam scores. A correlation coefficient of this magnitude is
substantial and implies that as initial cognitive abilities increase, there is a corresponding
increase in final academic performance. The strong positive correlation supports the
hypothesis that early cognitive skills are a significant predictor of success in learning complex
subjects like statistics. However, while the correlation is strong, it does not imply causation,
and it’s important to consider other contributing factors that could influence this relationship.

Table 3. Coefficient of Determination

Metric Value
Coefficient of Determination (r?) 0.568

The coefficient of determination (r?) value of 0.568 suggests that approximately 56.8% of the
variance in learning outcomes can be explained by the variance in initial cognitive abilities.
This means that more than half of the difference in students' final exam scores can be attributed
to their cognitive abilities at the start of the course. This is a significant proportion, indicating
that initial cognitive abilities play a crucial role in determining academic performance.
However, it also leaves 43.2% of the variance unexplained by initial abilities alone, suggesting
that other factors, such as study habits, motivation, classroom environment, and external
support, also significantly contribute to students' final performance. This underscores the
importance of considering a holistic approach to education that addresses these additional
factors to optimize learning outcomes.

Table 4. Regression Analysis Results

Metric Value
Regression Coefficient (b) 0.754
p-Value 0.022

The regression coefficient (b) of 0.754 indicates that for each one-unit increase in a student's
initial cognitive ability score, their final learning outcome score increases by approximately
0.754 units. This positive coefficient reinforces the strong relationship between initial abilities
and academic performance, as previously indicated by the correlation analysis. The p-value
of 0.022 is less than the conventional threshold of 0.05, suggesting that the relationship
between initial abilities and learning outcomes is statistically significant. This means that the
observed association is unlikely to have occurred by chance, and there is a meaningful impact
of initial cognitive abilities on final academic performance. The t-statistic and standard error,
though not specified here, would provide additional information on the precision and
reliability of the estimated regression coefficient. Generally, a higher t-statistic and a lower
standard error would indicate a more reliable estimate of the relationship between the
variables.

Table 5. Initial Abilities and Learning Outcomes by Group (Demographic Data)

Group Mean Initial Abilities | Mean Learning Qutcomes
Male 62.30 60.50
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Female 61.40 59.20
High Socioeconomic Status 64.00 62.00
Low Socioeconomic Status 59.00 57.00

This table provides insights into how different demographic groups performed in terms of
initial abilities and final learning outcomes. The mean initial abilities and learning outcomes
for male students are slightly higher than those for female students, with males scoring an
average of 62.30 in initial abilities compared to 61.40 for females, and 60.50 in final outcomes
compared to 59.20 for females. While these differences are relatively small, they may warrant
further investigation to determine if they are statistically significant or if they reflect broader
trends.

There is a more pronounced difference between students from high and low socioeconomic
backgrounds. Students from higher socioeconomic backgrounds have a mean initial ability
score of 64.00 and a mean learning outcome score of 62.00, compared to 59.00 and 57.00,
respectively, for students from lower socioeconomic backgrounds. This suggests that
socioeconomic factors might play a significant role in students' academic performance,
potentially due to differences in access to resources, educational support, and opportunities
outside the classroom. The differences observed in this table highlight the importance of
considering demographic factors in educational research, as they can significantly influence
learning outcomes and may necessitate targeted interventions to ensure equity in education.

Table 6. Historical Comparison

Year Mean Initial Abilities Mean Learning Outcomes
2022 61.85 59.92
2021 60.00 58.50
2020 62.00 61.00

This table compares the mean initial abilities and learning outcomes of students over three
academic years (2020-2022). The data shows slight variations in both initial abilities and
learning outcomes across the years. In 2020, the mean initial abilities were 62.00, with a mean
learning outcome of 61.00, which is the highest among the three years. In 2021, there was a
slight dip in both initial abilities (60.00) and learning outcomes (58.50). By 2022, the scores
slightly increased to 61.85 for initial abilities and 59.92 for learning outcomes.

These variations could be attributed to changes in curriculum, teaching methods, or student
cohorts. The higher scores in 2020 might suggest that students from that year had stronger
cognitive abilities or benefitted from specific teaching strategies that enhanced their learning
outcomes. The dip in 2021 could reflect challenges such as adjustments to new teaching
methods or external factors like the impact of the COVID-19 pandemic on education. The
slight recovery in 2022 indicates a potential return to more stable conditions or improved
teaching practices.

Table 7. Independent Samples T-Test for Gender Differences in Learning Outcomes

Group | Mean Learning Qutcomes | Standard Deviation | t-Value | p-Value
Male 60.50 4.50 1.23 0.230
Female 59.20 4.90

This table displays the results of an independent samples t-test comparing the mean learning
outcomes between male and female students. The mean learning outcome for males is 60.50,
while for females, it is slightly lower at 59.20. The t-value of 1.23 and a p-value of 0.230
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suggest that the difference in learning outcomes between males and females is not statistically
significant at the 0.05 level. This indicates that gender may not play a significant role in
influencing final exam scores in this cohort.

Table 8. ANOVA for Socioeconomic Status and Learning Outcomes

Socioeconomic Status Group | Mean Learning Outcomes | F-Value | p-Value
Low 57.00 4.56 0.015
Middle 59.00

High 62.00

This table shows the results of a one-way ANOVA analysis comparing learning outcomes
across three socioeconomic status groups: low, middle, and high. The mean learning outcomes
increase with socioeconomic status, from 57.00 in the low group to 62.00 in the high group.
The F-value of 4.56 with a p-value of 0.015 indicates that these differences are statistically
significant at the 0.05 level. This suggests that socioeconomic status significantly influences
learning outcomes, with students from higher socioeconomic backgrounds performing better
on average.

Table 9. Multiple Regression Analysis for Predicting Learning Outcomes

. . Coefficient Std t- p-
Predictor Variable B) Error Value Value
Initial Abilities 0.600 0.150 4.00 0.002
Gender 0.500 0.200 2.50 0.025
Socioeconomic Status 1.500 0.400 3.75 0.005

This table presents the results of a multiple regression analysis where learning outcomes are
predicted based on initial abilities, gender, and socioeconomic status. The coefficient for
initial abilities (B = 0.600) is positive and significant (p = 0.002), confirming that higher initial
abilities are associated with better learning outcomes. Gender also shows a significant effect
(B =0.500, p = 0.025), indicating that male students, on average, have slightly better learning
outcomes when controlling for other variables. Socioeconomic status has the strongest effect
(B = 1.500, p = 0.005), highlighting that students from higher socioeconomic backgrounds
tend to achieve significantly better outcomes. This model suggests that both initial cognitive
abilities and socioeconomic factors play crucial roles in determining students' performance,
with gender having a smaller but still significant impact.

Table 10. Interaction Effect Between Initial Abilities and Socioeconomic Status

. . Coefficient | Standard t- -
Predictor Variable B Error Value Vglue
Initial Abilities 0.500 0.180 2.78 0.012
Socioeconomic Status 1.200 0.350 343 0.008
Initial Abilities x Socioeconomic Status 0.250 0.100 2.50 0.025

This table presents the results of a regression analysis including an interaction term between
initial abilities and socioeconomic status. The interaction coefficient (f = 0.250, p = 0.025) is
positive and significant, suggesting that the effect of initial abilities on learning outcomes is
moderated by socioeconomic status. Specifically, the impact of initial abilities on learning
outcomes is stronger for students from higher socioeconomic backgrounds. This interaction
effect highlights the complex relationship between cognitive abilities and external factors,
indicating that students with high initial abilities are more likely to achieve better outcomes
when they also come from a higher socioeconomic status background.
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Table 11. Historical Comparison of Learning Outcomes and Initial Abilities

Year Mean Initial | Mean Learning | Standard Deviation Variance
Abilities Outcomes (Outcomes) (Outcomes)
2022 61.85 59.92 4.74 22.46
2021 60.00 58.50 5.10 26.01
2020 62.00 61.00 4.20 17.64

This table provides a historical comparison of mean initial abilities and learning outcomes
over three academic years (2020-2022). The data shows that 2020 had the highest mean initial
abilities (62.00) and the highest mean learning outcomes (61.00), with the lowest variance in
learning outcomes (17.64), suggesting a more consistent performance across students. In
2021, there was a slight decline in both initial abilities and learning outcomes, accompanied
by an increase in variance, indicating more variability in student performance. By 2022, the
mean initial abilities and learning outcomes showed a slight recovery, although the variance
remained lower than in 2021. This historical analysis indicates fluctuations in student
performance that could be linked to changes in teaching methods, curriculum adjustments, or
external factors affecting student learning.

The interplay between cognitive abilities and academic performance is neither linear nor
simplistic; it is a complex web of factors that are interdependent and contextually bound
(Marishane, 2020). This study’s findings illuminate the intricate dynamics at play, particularly
within the realm of statistics education—a subject notorious for its abstract nature and the
cognitive demands it places on students (Schilhab, 2021). While it is tempting to view initial
cognitive abilities as the primary driver of success, this study reveals a more nuanced reality
where cognitive skills, socioeconomic background, and even the subtle undercurrents of
gender dynamics all converge to shape educational outcomes (Hobbs, 2024; Naseb, 2024).

Cognitive abilities are not just tools for learning; they are the very framework within which
learning occurs (Chew & Cerbin, 2021). Students who enter the statistics course with strong
cognitive skills are inherently better equipped to navigate the complexities of the subject
matter. This is not merely because they can process information more efficiently, but because
they approach problems with a deeper understanding of underlying principles. Peng and Kievit
(2020) suggest that cognitive abilities and academic achievement engage in a bidirectional
relationship—where early cognitive development enhances learning outcomes, which in turn
further refines cognitive abilities. In this light, the strong correlation between initial abilities
and final performance in this study is not surprising but rather an affirmation of the critical
role that early cognitive development plays in laying the groundwork for academic success
(Demetriou et al., 2020; Schreiner et al, 2020).

However, this study also reveals that cognitive abilities do not operate in a vacuum. The
impact of socioeconomic status cannot be overstated. Students from higher socioeconomic
backgrounds consistently outperformed their peers, a finding that echoes the sentiments of
Mulcare (2020) who argue that the educational playing field is far from level. Socioeconomic
status acts as both a buffer and an amplifie—buffering against the challenges of difficult
subjects and amplifying the benefits of cognitive strengths (Mansouri et al., 2024). For these
students, access to resources such as private tutoring, educational technology, and a supportive
learning environment at home creates a synergistic effect where cognitive abilities are
maximized, and academic performance soars (Tomlinson, 2021; Polnariev & Levy, 2022).

The interaction between cognitive abilities and socioeconomic status further complicates the
picture. It is not simply that students with higher cognitive abilities do better; it is that these
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abilities are most fully realized in contexts that support and nurture them (Sternberg & Zhang,
2014). Semeraro et al. (2020) emphasize that the student-teacher relationship and access to
quality educational resources significantly influence academic outcomes (Nonyelum et al.,
2022; Baafi, 2020). In lower socioeconomic contexts, even students with high cognitive
potential may struggle to achieve comparable outcomes, not due to a lack of ability, but due
to the absence of supportive structures that enable these abilities to flourish. This raises
profound questions about educational equity—how can we ensure that all students, regardless
of their background, have the opportunity to develop and utilize their cognitive skills to their
fullest extent?

The educational system must reckon with the reality that initial cognitive abilities are not a
guarantee of success (Claxton, 2013). While they provide a strong foundation, the scaffolding
that surrounds this foundation—composed of socioeconomic support, effective teaching, and
a conducive learning environment—is equally critical. Corno (2023) argue that educational
outcomes are a product of both individual capabilities and the external conditions that either
support or hinder these capabilities. This study’s findings, particularly the pronounced effect
of socioeconomic status, lend credence to this perspective, suggesting that interventions aimed
at improving educational outcomes must address both cognitive development and the broader
socioeconomic context (Brookover et al., 2022; Miller et al., 2020).

Turning to gender, while the differences observed in this study were subtle, they nonetheless
warrant attention (Macpherson et al., 2020). Gender dynamics in education are often
understated but can have a profound impact on learning. The slight advantage observed for
male students might seem negligible in isolation, but it raises important questions about how
societal expectations and classroom dynamics might differently shape the educational
experiences of male and female students. Master & Meltzoff (2020) highlight that gender
norms and stereotypes can subtly influence how students engage with subjects, particularly in
fields like mathematics and statistics, which are often perceived as male-dominated. This
study’s findings suggest that while these differences are not stark, they exist and could be
exacerbated by teaching methods that do not actively challenge these norms.

Moreover, the historical trends observed in this study offer a window into the broader
educational landscape (Kuo et al., 2021). Education does not occur in a static environment; it
is influenced by the ebb and flow of societal changes, technological advancements, and even
global crises. The dip in performance during 2021, likely influenced by the disruptions of the
COVID-19 pandemic, underscores the vulnerability of educational systems to external shocks.
Makumbe (2021) argue that the pandemic has exposed and deepened existing inequalities in
education, a reality that this study’s findings support. The partial recovery observed in 2022
suggests a resilience in the system, but also a need for ongoing adaptability and innovation in
educational practices.

In light of these findings, the implications for educational policy and practice are profound.
Early cognitive assessment and targeted interventions are crucial but must be implemented
within a framework that recognizes the broader socioeconomic and gender contexts in which
students learn. Schools need to move beyond a one-size-fits-all approach to education, instead
adopting strategies that are responsive to the diverse needs of their student populations (Evans
et al., 2021). This might include differentiated instruction that caters to varying levels of
cognitive readiness, as well as policies aimed at reducing the impact of socioeconomic
disparities on learning outcomes. For students from lower socioeconomic backgrounds,
targeted support—whether through government programs, community partnerships, or
school-based interventions—can help bridge the gap. Education should not merely be about
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imparting knowledge but about creating an environment where all students can thrive,
regardless of their starting point. The slight gender differences observed suggest that educators
should also be mindful of how gender dynamics play out in the classroom, ensuring that both
male and female students are equally encouraged and supported in their learning.

Conclusion

This study has provided significant insights into the relationship between initial abilities and
learning outcomes in the Education Statistics course at STIT DDI Pasangkayu. The strong
positive correlation (r = 0.754) between students' initial abilities and their final exam scores
highlights the critical role that early cognitive skills play in determining academic success.
With a coefficient of determination (1 = 0.568), it is evident that initial abilities account for a
substantial portion of the variance in learning outcomes, though other factors also contribute
to student performance. The results from the regression analysis, showing a positive and
significant relationship, underscore the importance of assessing and understanding students'
initial abilities to optimize their learning experiences. This finding is consistent with existing
literature, which emphasizes that initial academic skills are vital for navigating advanced
coursework and achieving academic success. However, it is essential to recognize that while
initial abilities are a strong predictor, they do not account for all the factors influencing
learning outcomes. The study also reveals important demographic trends, such as the impact
of socioeconomic status on academic performance. Students from higher socioeconomic
backgrounds demonstrated better initial abilities and learning outcomes compared to those
from lower socioeconomic backgrounds. This finding highlights the need for targeted
interventions and support to address educational inequalities and provide equitable
opportunities for all students. In light of these findings, future research should explore
additional variables that may influence learning outcomes, such as learning motivation, study
habits, and the effectiveness of teaching strategies. A more comprehensive understanding of
these factors can help educators design more effective interventions and support systems to
enhance student learning and academic achievement.
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