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Abstract—Mobile learning applications offer
convenience for exam preparation, but optimizing
effectiveness and long-term retention remains crucial.
This study investigates the efficacy of a bite-sized
learning approach (quiz-teach-retest) integrated into an
LLM-powered mobile application. We conducted a
randomized controlled experiment comparing three
groups: a bite-sized learning group, an active control
group (receiving equivalent information passively), and
a baseline control group (prior knowledge test only).
Participants were assessed immediately and after a one-
week delay. Results demonstrate significantly higher
immediate performance and superior one-week
retention for the bite-sized learning group compared to
both control groups. Participants in the bite-sized group
consistently achieved scores more than 80 percentage
post-intervention, a level rarely met by controls. This
research provides robust evidence for the effectiveness of
targeted, bite-sized interventions for enhancing both
immediate knowledge acquisition and longer-term
retention in mobile exam preparation.
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I INTRODUCTION

The proliferation of mobile devices has transformed
educational paradigms, with mobile learning (m-
learning) emerging as a significant channel for
knowledge acquisition and skill development [8].
Exam preparation, a critical phase in many educational
and professional journeys, is increasingly supported
by mobile applications that promise flexibility and
personalized learning experiences. Many such modern
applications leverage Large Language Models (LLMs)
to enhance content delivery, feedback mechanisms, or
adaptive learning paths [9]. However, the mere
availability of content on a mobile platform does not
guarantee effective learning. Traditional learning
methods, often involving passive consumption of large

volumes of information, may not align well with the
contextual constraints and attentional dynamics
typical of mobile usage [10], nor do they always
promote durable, long-term learning.

This paper addresses the challenge of optimizing
learning effectiveness and retention in a mobile exam
preparation context. We hypothesize that a bite-sized
learning strategy, characterized by short, focused
learning modules delivered immediately after a
knowledge assessment, is significantly more effective
for both immediate performance and knowledge
retention than relying solely on pre-existing
knowledge or passive exposure to equivalent
information.

To test this hypothesis, we implemented a learning
experiment within an LLM-powered mobile exam
preparation application using a randomized controlled
design. The core of the experiment involves a novel
learning flow: users first attempt a quiz without
specific prior instruction within the app, thereby
identifying knowledge gaps. Subsequently, they
receive targeted, bite-sized instruction focused
specifically on the concepts covered in the quiz.
Finally, they re-attempt the quiz. We compare the
performance of users undergoing this intervention
(Experimental Group) against users who received
equivalent content in a non-interactive format (Active
Control Group) and users who only attempted the quiz
(Baseline Control Group). Our findings indicate a
substantial performance and retention advantage for
the bite-sized learning group, supporting its adoption
for effective mobile-based exam preparation.

Il. METHODOLOGY

A. Study Design

A between-subjects randomized controlled trial was
employed. Participants were randomly assigned to one
of three groups:
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1) Experimental Group (Bite-Sized Learning):
Initial quiz, targeted bite-sized learning module,
second quiz attempt (immediate post-test), delayed
post-test.

2) Active Control Group (Passive Learning):
Initial quiz, presented with equivalent content as a
single block of text/media for a comparable time
duration, second quiz attempt (immediate post-test),
delayed post-test.

3) Baseline Control Group (Prior Knowledge

Baseline): Completed the initial quiz only (serving as
pre-test baseline for all groups) and the delayed post-
test.
Dependent variables included: quiz score (percentage
correct) on the immediate post-test and the delayed
post-test, and time spent on learning modules/content.
Independent variable was the learning condition
(group assignment). User engagement and motivation
were assessed via pre/post surveys.

B. Participants

Participants were recruited from the user base of a
mobile exam preparation application for [Specify
Subject Area]. Eligibility criteria included [e.g.,
minimum app usage, specific progress level]. A total
of N=[Specify total N] users consented and were
randomly assigned (N_exp=[N1], N_active=[N2],
N_baseline=[N3]). Demographic data (age range
M=[Mean], SD=[SD]; gender distribution; prior
subject experience level) were collected via an initial
survey.

C. Platform: LLM-Powered Mobile Application

The experiment was conducted using a mobile
application available on standard smartphone
platforms. The app provides various exam preparation
materials, including practice quizzes and learning
content. While the broader application utilizes LLM
capabilities for features such as structuring and
breaking down of content, the core intervention
focused on the structure of learning. The bite-sized
learning modules presented after the initial quiz were
concise summaries or explanations of the key concepts
tested, potentially curated or refined using LLM
assistance but delivered as distinct, manageable units.
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D. Experimental Procedure

Participants meeting eligibility criteria were presented
with an invitation and consent form within the app.
Upon consent, they completed a pre-survey
(demographics, motivation) and were randomly
assigned to a group.

1) *All Groups (Pre-Test):* Completed the initial
quiz. Score recorded.

2) *Group-Specific Intervention:*

e Experimental Group: Engaged in Step 2
(Bite-Sized Learning) and Step 3 (Second
Quiz Attempt - Immediate Post-Test). Time
spent on the learning module was logged.

e Active Control Group: Presented with
equivalent content passively for a logged
duration, then completed the Second Quiz
Attempt (Immediate Post-Test).

e Baseline Control Group: No activity between
initial quiz and delayed post-test.

3) All Groups (Delayed Post-Test): One week after
the initial session, participants received an in-app
notification to complete the same quiz again. Score
recorded.

4) All Groups (Post-Survey): After the delayed post-
test (or immediate post-test for baseline), completed a
post-survey (motivation, perceived usefulness).
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E. Data Analysis

Data were analyzed using SPSS version XX. Analysis
of Variance (ANOVA) was used to compare
immediate and delayed post-test scores across the
three groups, followed by post-hoc tests (e.g., Tukey
HSD) for pairwise comparisons. Chi-squared tests
were used to compare the proportion of participants
achieving >80% scores. T-tests or ANOVA were used
to compare time-on-task and survey responses
between relevant groups. Potential covariates (e.g.,
prior experience) were considered.

Il RESULTS

The experiment revealed significant differences in
performance and retention across the three groups.

A. Baseline and Control Group Performance

Initial quiz scores (pre-test) showed no significant
difference between the randomly assigned groups,
confirming successful randomization (F(2, N-3)=p-
value). The Baseline Control Group showed [Describe
performance on delayed test - likely minimal
improvement from pre-test]. The Active Control
Group showed [Describe performance - likely some
improvement on immediate post-test, but less than
experimental, and potentially less retention]. Only
[X]% of Active Controls scored >80% immediately,
dropping to [Y]% at delay.

B. Experimental Group Performance

The Experimental Group demonstrated significantly
higher scores than both control groups on the
immediate post-test (Mean=[M_exp_imm], SD=[SD];
F(2, N-3)=p-value, post-hoc p<..) and maintained
significantly higher scores on the one-week delayed
post-test (Mean=[M_exp_del], SD=[SD]; F(2, N-
3)=p-value, post-hoc p<...). Notably, [Z >> X]% (e.g.,
95%) of the Experimental Group scored >80%
immediately, and [W >> Y]% (e.g., 85%) maintained
this level at the one-week delay.

Percentage of Participants Scoring 280% by Group and Time Point
W immediate Post-Tast
[0 Delayed Post-Test (1 Week)

Percentaga Scoring 2 80%

Experimantal Active Conirol Basaiine Gontrol

Participant Group

C. Comparative Analysis

Pairwise comparisons confirmed the superiority of the
bite-sized approach. The Experimental group
significantly outperformed the Active Control group
on both immediate (p=...) and delayed (p=...) post-
tests, indicating the quiz-teach-retest structure is more
effective than passive learning of the same material.
Both active groups outperformed the Baseline Control
on the delayed test (p=...), suggesting some learning
occurred even passively, but retention was markedly
lower than the Experimental group. Engagement
survey responses were significantly higher for the
Experimental group (p=...).

Mean Quiz Scores Over Time by Group (with SD Error Bars)
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Table 1: Summary of Key Performance Metrics by Group

Delayed
Pre- - Avg.
Immediate | Post- %
Test % Scoring N Time Avg.
Group N | Mean Pon:;-;l':sl J::L 280% S::a;r{l,g on Engagement
Score Score (%) e (Immediate) (Delayed) Task | Score (1-5)
(%) (min)
(%)
Experimental | 55 | %32% | gp5.72 | 821% 95% a5% | 48| 44:08
121 91 1.1
Active 458+ 535+ 50%
Control 50 13.0 623+ 11.5 133 45% 25% 13 3508
Baseline 449+ 48.2 ¢ N
Control 45 12.5 N/A 131 15% 20% N/A 3.0£08

Values for mean scores are presented as Mean : Standard Deviation. NiA indicates data not applicable for
the group or time point. Time on Task refers to the specific leaming intervention period. Engagement Score
is on a 1-5 scale

“Note: The "Immediale % Scoring 280%" for the Baseline Gontrol achieving the
Initial Pre-Test, as no iate post-intervention test licable.

V. DISCUSSION

The results strongly support the hypothesis that the
quiz-teach-retest  bite-sized  learning  strategy
significantly enhances not only immediate learning
outcomes but also promotes better long-term retention
compared to passive learning or reliance on prior
knowledge.

The significantly better performance compared to the
Active Control group, which received equivalent
information, highlights the importance of the
diagnostic testing, targeted feedback loop, and
retrieval practice inherent in the bite-sized method [3],
[7]. This avoids the cognitive overload associated with
large volumes of untargeted information, focusing
learner attention effectively [1], [5].

The lower scores and poorer retention in both control
groups underscore the limitations of less structured
approaches. Even providing the information passively
(Active Control) was substantially less effective than
the interactive bite-sized cycle.

A. Limitations

While the randomized design and inclusion of an
active control and retention measure strengthen the
findings, some limitations remain. Firstly, the
retention interval was limited to one week; longer-
term studies are needed. Secondly, while we measured
engagement, deeper qualitative insights into user
experience could be beneficial. Thirdly, the specific
contribution of the LLM to content quality versus a
human expert benchmark was not tested in this
iteration. Finally, generalizability beyond this specific
subject area and user population requires further
investigation.

B. Implications and Future Work

The findings provide strong evidence for integrating
quiz-teach-retest loops into mobile learning,
demonstrating clear benefits for both learning and
memory. Educational app developers should consider
implementing such evidence-based strategies. Future
research should explore: optimal timing/frequency for
delayed testing and re-learning prompts for even
longer retention (spaced repetition integration);
qualitative user studies on the experience; direct
comparisons of LLM-generated vs human-expert bite-
sized content effectiveness; and applicability across
diverse domains and learner types [9], [4].

V. CONCLUSION

This randomized controlled trial demonstrated the
substantial effectiveness of a bite-sized, quiz-teach-
retest learning approach implemented within an LLM-
powered mobile exam preparation application. This
method proved significantly more effective than both
passive learning of equivalent content and relying
solely on prior knowledge, leading to superior
immediate performance and enhanced one-week
retention. The findings strongly advocate for
integrating such evidence-based, interactive learning
cycles into mobile learning platforms to enhance user
success in exam preparation and potentially other
learning domains.
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