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Abstract—This study investigates the effectiveness of
Computer-Aided Instruction in enhancing mathematical
understanding among primary school students, compared to
traditional classroom teaching. The research focuses on two
core topics—rounding decimal numbers and arithmetic
operations with integers—and evaluates both short-term
achievement and long-term retention. A controlled experiment
was conducted with 272 students from Grade 5 and Grade 6
across one private and one public school in Uzbekistan.
Students were randomly assigned to either a traditional
classroom group or a computer-aided learning group, stratified
by prior academic performance. Each group received a single
instructional session, followed by a paper-based test one week
later. A delayed retention test was administered to Grade 5
students after 100 days. Statistical analysis included
non-parametric Analysis of Variance (ANOVA) and
Chi-squared tests. Students in the computer-aided groups
consistently outperformed those in traditional classrooms, with
p-values below 0.0001. Higher average scores, reduced
performance variability, and stronger retention were observed.
The software’s real-time feedback and random task generation
enabled targeted teacher intervention and reinforced correct
problem-solving strategies. The findings support that
integrating Computer-Aided Learning into mainstream
mathematics instruction, especially in resource-constrained
settings, enhances learning outcomes without altering
student—teacher ratios and offers scalable support for
differentiated instruction. Future studies should include larger,
more diverse samples and explore additional subjects.
Incorporating adaptive difficulty and collaborative features
may further improve outcomes. Limitations include the study’s
geographic scope, its single-session design, and reliance on
quantitative measures.

Keywords—Computer-Aided Learning (CAL), primary
mathematics, instructional effectiveness, real-time feedback,
automatic grading

1. INTRODUCTION

In recent years, the integration of digital technologies into
classroom instruction has reshaped the way mathematics is
taught and learned. As educational systems strive to improve
learning outcomes and address disparities in instructional
quality, Computer-Aided Learning (CAL) has emerged as a
promising tool for enhancing student engagement,
comprehension, and retention. Mathematics, as a
foundational subject in primary education, demands not only
procedural fluency but also conceptual clarity [1]—qualities
that can be reinforced through interactive and adaptive
learning environments.

Traditional classroom instruction often relies on uniform
pacing and generalized feedback, which may not adequately
address individual learning needs. In contrast, CAL systems

offer immediate feedback, adaptive task generation, and

real-time performance monitoring, enabling educators to

identify misconceptions and intervene with targeted support.

These features align with contemporary pedagogical models

that emphasize formative assessment, differentiated

instruction, and learner autonomy.

The potential of Computer-Aided Learning (CAL) to
improve mathematics education holds relevance in
Uzbekistan, where the public school system continues to face
challenges related to teacher shortages and uneven access to
instructional resources. Official statistics highlight this issue,
confirming over 500 vacant positions in public schools as of
2025 (ish.mehnat.uz/vacancies). This environment makes the
implementation of CAL especially important, as it offers a
scalable solution capable of providing standardized
high-quality educational content, thereby mitigating the
impact of staffing deficits and improving instructional equity
across diverse geographic regiohisis study responds to the
need for empirical evidence on the effectiveness of CAL in
improving mathematical understanding among primary
school students, especially in comparison to conventional
teaching methods.

This study is guided by the following research questions:

1) Does computer-aided instruction lead to higher
immediate performance in mathematics compared to
traditional classroom teaching among primary school
students?

2) Does computer-aided instruction result in greater
long-term retention of mathematical concepts?

3) How does the performance distribution differ between
students taught using CAL and those taught using
traditional methods?

4) What role does real-time feedback and adaptive task
generation play in supporting student learning and teacher
intervention?

The primary objective of this research is to evaluate the
effectiveness of computer-aided mathematics instruction in
primary education relative to traditional classroom methods
for Grade 5-6 students in Uzbekistan. Specifically, the study
aims to:

1) Measure and compare student performance across
instructional modalities using standardized assessments.

2) Assess the impact of CAL on retention of mathematical
concepts over one-week and 100-day periods.

3) Analyze performance distributions using non-parametric
statistical methods to identify statistically significant
differences between two groups.

4) Examine how CAL features—such as automated
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further confirms the superior performance of the human facilitatior? proved effective in enhancing learning

computer-aided groups. In Grade 5, the traditional group had  outcomes. As showby Tetzlaff et al. [11], personalized

seventeen students in the lowest interval, sixteen in the feedback significantly improves performance, a principle

middle, and eighteen in the highest. The computer-aided operationalized in this/ W X GAl fi&5ign.The importance of

group had ten, twelve, and twenty-nine students, respectively.  scaffolding in technologgnhanced learning environments

In Grade 6, the traditional group had thirty-six students in the ~ was emphasizeoly Kim etal. [21], noting that reatime data

lowest interval, fourteen in the middle, and ten in the highest, DOORZ LQVWUXFWRUV WR WDLORU LQW

while the computer-aided group had one, ten, and forty-nine  use of a prioritized list of students needing support

students, respectively. exemplifies this approach, demonstrating how CAIl can
extend teacher capacity without increasing studeather
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Fig. 4. Distribution of scores on the retention test conducted 100 days after
instruction among Grade 5 students. Scores are grouped into three intervals:
04, 5-8, and 9—-12 correct answers.
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A. Statistical Validation

To confirm the observed differences, statistical tests were
applied. The nomparametric ANOVA testKruskalWallis)
producedH-statistics of 55.8 for Grade 5 and 61.3 for Grade

— 6, with p-values below 0.0001 in both casé&#is test was
Girls in Traditional ~ Girls in Computer- ~ Boys in Traditional ~ Boys in Computer- .
Group Aided Group Group Aided Group Chosen becaUSElg 2 demonstrates Clearly a HODI’ma|
m (-3 correct answers 4-6 correct answers 7-10 correct answers distribution. The results indicate Strong evidence of group

(b) differencesThe effect size for Grade 5 is 0.37, and 0.52 for

Fig. 3. Distribution of correctly solved tasks by gender and learning groups.
Results are grouped into performance intervals. (a) Grade 5: 04, 5-8, 9-12 Grade 6. ) ) )
correct answers. (b) Grade 6: 0-3, 4-6, 7-10 correct answers. The Chisquared test applied to the interbalsed

] o distributions yielded test statistics of 1201.6 for Grade 5 and
To assess retention, a follewp test was administered t0 1557 6 for Grade 6. both witb-values below 0.0001 and
Grade 5 students one hundred days after the initial lessﬁ'&grees of freedom 'equal to two. For the Grade 5 fellpw
Fig. 4 shows that theomputeraided group maintained a ot the Chisquared test produced a statistic of 10.41 with a

higher proportion of students in the top performance band.ajue of 0.006, also indicating a statistically significant

with twenty-nine students scoring between nine and tWelVgitterence inretentionbetween the instructional methods.
correct answers, compared to eighteen in the traditionalthe cAL cohort not only maintained higher mean scores
group. The number of students scoring between zero and f@jif 51so retained a greater concentration of students in the
was ten in the computaided group and seventeen in thehighest performance interval @9in the 942 range)
traditional group. Thissuggeststhat the benefits of compared to the traditional group @8 This robust
computeraided instruction extended beyond skerin longterm retention is a direct consequence of the
gains and contributed to sustained understanding of tB@dagogical features inherent in the CAL environment.
material_. Consistent with. const.ructivist theories, thisSpecificaIIy, the syster capacity to deliver immediate
mechanism allows studentsitomediatelycorrecterrorsand  taadback for every response prevents the consolidation of

prevent the consolidation ahisconceptionsfostering the  gorg enabing students to correct misconceptions instantly
active construction of durable knowledge structureBis ;.4 r(einforce accurate problesolving schemas. This

finding aligns withKizilcec et al.[23], which emphasized the ,.,ces5 of continuous, targeted courserection facilitates a

role of feedbackich environments in promoting durabledeeper and more durable form of learning than delayed,
learning. Similarly, the conclusionsf Zhang et al. [S]  generalized feedback. These outcomes align with the
support that adaptive digital instruction enhances retentiofaoretical  framework emphasizing that immediate

over time. o corrective feedback is a critical driver of achievement.
7KH VRIW Z-inetHepiibadk-bdimonitoring featuresgrthermore, our findirg reinforce the conclusions of

enabled instructors to identify struggling students anﬂhang et al. [5], who demonstratecthat adaptive digital

intervene  with  targeted support. ~This  disjered jnqtrction enhances retention over time, anelconsistent
instructional modet automated feedback coupled with, it Kizilcec et al. [23], who highlighted the role of
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S & :

w

1284



International Journal of Information and Education Technology, Vol. 16, No. 5, 2026

feedback-rich environments in promoting durable learning.
Therefore, the sustained benefit observed in this study is
attributed to the CAL system’s effective operationalization of
personalized and timely feedback mechanisms, which
support the active construction of accurate and long-lasting
conceptual understanding.

Table 3 demonstrates the results of other non-parametric
tests as well as overall statistics.

validation for the effectiveness of the learning model used in
the study. The fact that students identified both automated
feedback (as the most influential factor) and the teacher’s
initial instructions (as the second most important factor)
confirms that the technology augments—rather than
replaces—the essential role of the instructor. This is
particularly relevant in the context of teacher shortages, as it
highlights the practical utility of CAL as a tool that extends
the impact of existing teaching personnel.

Table3. Summary of group performance and statistical comparison between
traditional and computeaidedlearning based on pogest results one week B Limitations of Study

after instruction (mean percentage of correct answers +standard deviation)

Grade  Traditional Computer-aided Statistical tests
KruskalWallis =55.8,
43.4%+33.1  85.6%: 16.8 p=8x10*
Grade 5 7T 9% -O70% 0. MannWhitney =878.5,
N=76 N=76 _ =
p=23x10
Wilcoxon=0,p=5%101
KruskatWallis =61.3,
35.0%+31.4  86.8%: 15.7 p =5x10 #
Grade 6 : _°‘ ’ ' f‘ ' MannWhitney U =324,
N =60 N =60 =10

Wilcoxon=0, p=2x10 1

Beyond mean scores, the CAI groups exhibited tighter
clustering in the upper performance intervals, while
traditional groups showed broader dispersion and a higher
concentration of low scores. This pattern suggests that CAI
contributes to instructional equity by reducing the incidence
of academic failure. Similar distributional effects were
observed by Barrow et al. [10], which found that CAI not
only improved average performance but also accelerated
learning pace and reduced variability across student cohorts.

The instructor’s role remained central, with digital tools
enhancing rather than replacing teacher facilitation. Students
in computer-aided groups identified initial instructions as the
second most important part of the lesson. The blended
learning model advocated by Graham [19] integrates
technology with human guidance, a framework reflected in
this study’s implementation. The software’s monitoring
interface enabled efficient allocation of instructional
attention.

Immediate grading _ 28%
Initial instructions by teacher _ 39%
Display of the correct answers _ 62%
Large number of tasks - 17%

0%  10%  20%  30%  40%  50%  60%  70%
Fig. 5. Survey results indicating which features of CAL students identified as
most helpful for understanding the topic and improving academic
performance.

Taken together, the results demonstrate that the
computer-aided learning approach led to higher and more
consistent student performance, both immediately and over
time. Fig. 5 presents survey results indicating the
student-identified factors that most significantly contributed

to their understanding of the topic and academic performance.

Display of correct answers was identified as the most
influential feature of the software. This provides empirical

While the findings are compelling, the study’s scope is
geographically limited to two schools in Tashkent. Although
the inclusion of both a public and a private school helped
mitigate socioeconomic bias by ensuring representation
across differing levels of educational access, the scope of the
study remains limited in terms of age diversity and
institutional variety.

The instructional intervention focused exclusively on two
mathematical topics: rounding of decimal numbers and
arithmetic operations with integers. Although these topics
represent a narrow segment of the broader mathematics
curriculum, they are frequently cited by teachers as areas of
persistent  difficulty for primary-level learners. The
substantial improvement observed in these domains lends
weight to the findings and reinforces the pedagogical
relevance of computer-aided instruction in addressing
foundational mathematical challenges.

The retention test at 100 days was conducted only for
Grade 5 students, as almost half of Grade 6 students were
absent due to a field trip at that time.

Future research should explore CAI effectiveness across
diverse educational settings, including rural and multilingual
environments. The benefits of collaborative digital learning
in mathematics were highlighted by Safitri [13], suggesting
that integrating peer interaction features may further enhance
outcomes.

Additionally, the software used in this study did not
incorporate adaptive difficulty or gamification elements.
Game-based learning strategies aligned with SDG 4 goals
have been shown to improve motivation and performance, as
demonstrated by Meylani [15]. There remain substantial
opportunities for improvement: even within the topics
examined in this study, students’ response patterns can be
used to diagnose the specific sources of their difficulties and
to target those misconceptions directly. Incorporating
adaptive mechanisms, personalized feedback pathways, and
motivational features would therefore allow future versions
of the system to provide more precise and effective
instructional support, and could extend the pedagogical reach
of the CAI system.

V. CONCLUSION

This study provides strong evidence supporting the
effectiveness of computer-aided instruction in enhancing
student performance in primary mathematics education.
Through a school-based experiment involving 272 students
across two grade levels, two mathematical topics, and two
school types, the research demonstrated that students
exposed to computer-aided learning  consistently
outperformed their peers in traditional classroom settings.
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The integration of automated feedback, individualized pacing,
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