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Abstract
Recent research has shown that the pandemic has catalyzed significant changes in secondary education. As societal and educational
systems evolve alongside rapid technological advancements, alterations in educational practices are unavoidable. In this evolving
educational environment, meeting the varied needs of high school students requires innovative strategies. This paper explores the
importance of incorporating adaptive microlearning into high school curricula to improve learning outcomes. Adaptive microlearning,
which delivers personalized, bite-sized content aligned with individual learning styles, addresses the limitations of conventional
education models. This method acknowledges the distinct cognitive and developmental phases of high school learners, providing a
flexible and engaging structure that promotes active participation. Moreover, the paper includes a case study from the high school
sector. It will utilize student feedback and data collected throughout the semester, focusing on behavioral analysis and genuine
learning motivations, to refine the proposed system. Further pedagogical investigation is crucial to validate enhancements in students'

educational experiences.
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I INTRODUCTION

Secondary education is required to adapt to the challenges
posed by technological advancements and societal shifts. With
the entry of Generation Alpha students into high school, new
requirements must be addressed, as their learning expectations
differ from those of earlier generations [1]. Numerous studies
suggest that the type of educational support suitable for
Generation Alpha may not align with what previous generations
required. This generation seeks learning experiences that are
tailored to their preferences and easily accessible from any
device, at any time and place. Notably, some changes within
higher education have already emerged, particularly during the
pandemic, as highlighted by Global High School Education
Research in [2]. In response to the pandemic, many high school
institutions have begun to adopt or plan to implement more
flexible learning options regarding when and how students can
engage in learning.

A critical question arises: which teaching methods and
tools could effectively restructure courses to achieve noticeable
outcomes? To facilitate this necessary evolution of the

educational process, one effective strategy for enhancing the
learning efficiency of Generation Alpha is the incorporation of
microlearning alongside traditional teaching methods. Various
studies indicate that microlearning, which aligns with
contemporary students' learning and retention patterns, can lead
to improved educational results. In recent years, there has been
a growing inclination to utilize microlearning in educational
settings. However, for this approach to be effective, it must
enable individualized knowledge enhancement while
simultaneously charting the best course toward educational
objectives.

Generation Alpha tends to prioritize speed over precision.
To hoost students' efficiency, adopting microlearning can be
beneficial as it allows them to learn anytime, anywhere, on any
device. The authors of this paper have successfully integrated
microlearning into their teaching practices. In [3], they detailed
their practical experience in developing an adaptable e-learning
system that employs fuzzy logic to assess and model students'
knowledge for personalized adaptation in Computer
Programming. This fuzzy logic technique was implemented as a
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plugin within the MOODLE Learning Management System at
the Libyan Academy for Postgraduate Studies.

The aim of this paper is to investigate how adaptive
microlearning can tackle learning challenges and enhance the
educational experiences of high school students. The authors
propose a personalized learning system that utilizes
microlearning and is designed to guide students based on their
individual learning needs, thereby increasing their engagement
while bridging gaps in prior knowledge. The paper begins by
outlining the research methodology employed by the authors. It
then provides a thorough introduction to microlearning and
adaptive microlearning. Subsequent sections contextualize
adaptive microlearning within the broader learning and teaching
landscape and delve into a specific application in a computer
science course. Finally, the paper discusses future research
directions and draws conclusions, emphasizing the potential of
adaptive microlearning to revolutionize high school education
by offering customized solutions that cater to the requirements
of contemporary learners.

1. METHODOLOGY

The authors of this paper seek to explore several research
questions related to the concept of microlearning:
e QI1: What constitutes microlearning?
e Q2: How is microlearning utilized in high school education?
e Q3: To what degree can microlearning be effectively
implemented for high school students?

As a relatively recent development in e-learning,
significant advancements have been made regarding its
application within high schools over the past few years.
Therefore, evaluating its appropriateness for particular contexts
is essential.

1. CASE STUDY

The topic discussed here is a mandatory course designed
for second-year high school students within the science
curriculum. This course spans an entire academic year, divided
into two semesters over six months. In light of the prevalence
of the internet and social media, there has been a significant
shift towards online studying among students. They utilize
various social media platforms to access lessons, summaries,
and guiding questions related to their studies. The subject
encompasses several prerequisite knowledge areas acquired
from previous courses taken in earlier academic years at both

middle and high school levels. Our primary objective is to
pinpoint any weaknesses in students' grasp of different concepts
within computer science and address these through tailored
informational content "packages.” We believe that this method
will enhance student comprehension of the material, leading to
more effective learning outcomes.

In our microlearning strategy, recognizing gaps in student
understanding plays a vital role. These gaps may result either
from inadequate comprehension of essential concepts necessary
for success in the current coursework or from missing
foundational knowledge that was not introduced during prior
education due to various factors such as insufficient instruction.
Every advanced topic requires certain prerequisites; thus, it is
crucial for learners to have a firm grounding in basic principles
since some subjects serve as prerequisites for others. All
potential knowledge deficits are identified and addressed by
consistently implementing these steps:

o Detect deficiencies relating to prerequisite skills needed for
computer science,

e Supply relevant information addressing identified issues,

e Confirm that students comprehend this critical information
so they can effectively build upon new insights.

It’s imperative we identify any potential shortcomings
regarding understanding key aspects presented throughout the
course material. After completing an evaluation process, based
on grades received along with incorrect answers noted by our
system, each student will be categorized into one of three
classifications: pass, pass with remediation needs or fail status
indicating insufficient mastery of fundamental prerequisites if
their score falls below an established minimum threshold. this
classification initiates subsequent actions wherein suitable
microlearning modules—such as instructional videos or pre-
designed projects—are provided aimed specifically at rectifying
identified topics needing attention. Conversely:

If scores exceed maximum thresholds indicating strong
competency without need for additional support—they may
continue progressing through standard coursework. Scores
falling between specified limits suggest moderate concerns
requiring remedial efforts while still reflecting overall sound
comprehension  level ~ which  allows  recommending
improvements tied directly back onto individual responses—all
without necessitating further evaluations thereafter since
autonomous study opportunities remain accessible whenever
desired across all available units at anytime/anyplace
convenience offered up freely unto every learner involved.
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Fig. 1. The Flowchart of the Proposed Solution

In the second phase, if a student does not succeed on the
test, it is necessary to select and present an appropriate
microlearning unit. Following this, the student must pass a
subsequent evaluation; failure to do so will require them to
revisit the unit until they achieve mastery of the content. The
follow-up assessment can take various forms such as gamified
experiences, random  question  tests, multiple-choice
assessments, or brief quizzes. With each attempt at this
evaluation, students are categorized into one of three groups:
fail (indicating that they need to retake the microlearning unit),
pass (which allows progression with standard course materials),
or pass with remediation. In instances where remediation
occurs, feedback highlighting incorrect responses will be
provided by a recommendation engine focusing specifically on
areas for improvement. This feedback identifies what needs
review and establishes periodic reminders until learning
objectives are met.

Central to our system is this feedback engine which offers
recommendations designed to facilitate more efficient and
effective study practices for students. This system serves as a
bridge between essential requirements and gaps in knowledge
identified within individual learners' understanding.

One effective strategy employed here involves mind
maps—an approach demonstrated through research [20][21] as
particularly advantageous for students engaged in technical
disciplines characterized by vast amounts of information.
Numerous e-learning tools leverage mind maps for structuring
content clearly and logically while forming connections that
enhance comprehension [22]. Experimental findings support

their efficacy within e-learning environments [23]. Mind maps
enable us to visually organize related concepts in ways
comprehensible both intuitively by people and systematically
by machines.

A mind map illustrates key elements pertaining to
computer components alongside prerequisites crucial for
grasping these fundamentals effectively. This methodology
exhibits high versatility since it communicates processes
efficiently across human users and machine systems alike. Once
constructed, diagrams remain accessible for student
interpretation while simultaneously being suitable for machine
analysis—a process allowing parsing into graphs followed by
programmatic examination. The recommendation engine
leverages these mind maps strategically aligning microlearning
units with relevant categories based upon recognized
deficiencies in knowledge levels among students’ profiles.
Recommendations arise similarly from associations discerned
via mapping techniques; when a student's score falls within
specific predefined thresholds the recommendation mechanism
activates automatically recording pertinent details internally
including learner ID numbers along with event dates connected
directly back towards suggested topics aimed at further
exploration during subsequent lessons. To protect privacy
throughout participation processes however—they remain
anonymous ensuring no biases interfere whilst still permitting
tracking educational advancements over time leading toward
personalized instructional pathways tailored uniquely according
each individual's detected learning trajectory.
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Maintaining logs also enables an additional function
regarding quality assessment concerning course contents
themselves—as highly recommended units indicate strong
interest thus necessitating rigorous attention paid towards
accuracy relevance clarity segmentation therein accordingly.
Students can express opinions about helpfulness overall quality
succinctly — without  requiring  extensive  questionnaires
simplifying collection methods enabling quicker identification
rework restructuring targeted sections needing enhancement
ultimately refining future iterations continuously improving
outcomes experienced collectively.

V. RESULTS AND DISCUSSION

The main focus in educating students revolves around
their ability to effectively absorb the material provided. To
explore this, we sought to assess how our proposed system
influences student learning outcomes. Tests created to aid
learning are accessible online, enabling each student to evaluate
themselves via the website. Furthermore, the knowledge gained
from a microlearning module is confirmed through a practical
assessment. Feedback from students indicates that a majority of
participants found satisfaction with their educational experience
offered by microlearning. In order to comprehensively examine
both the advantages and challenges associated with our
proposed approach, we implemented two methods for assessing
student performance. The understanding of newly acquired
knowledge was measured using automatically scored multiple-
choice questions. Data collected over two consecutive
semesters from different cohorts of second-year students
enrolled in this computer course revealed notable enhancements
in comprehension.

Additionally, students were tasked with individually
demonstrating their grasp of new concepts by creating software
applications as part of their homework assignments. These
projects were evaluated by instructors according to identical
grading criteria used in previous years. A comparison between
current student grades and those from prior years showed
statistically significant improvements in academic results based
on data compiled over three successive years. It is important to
highlight that at the time this paper was written, only an initial
evaluation had been conducted regarding overall learning; final
grades encompassing all activities during the first semester and
results from end-of-term examinations were not included in this
analysis yet. Despite these limitations, preliminary findings
support that our proposed system serves as an effective tool for
managing microlearning initiatives and motivates us towards
continued investigation into its efficacy.

V. FURTHER WORK

For future research, we suggest that this approach could be
expanded to other STEM subjects, which would enhance
educational outcomes across various technical fields.
Establishing a platform that is user-friendly for teachers and
beneficial for students could promote the adoption of
microlearning techniques and methods as effective teaching
tools.

VI. CONCLUSION

In recent years, secondary education has evolved
significantly to adapt to new generations of students, labor
market demands, and emerging technologies. The pandemic
highlighted a gap between digital technologies and education,
while also accelerating the shift towards digital education. The
current challenge is integrating new technologies into existing
learning contexts to ensure high-quality education for all. As a
result, teachers can no longer rely solely on traditional teaching
methods. Generation Alpha values speed over accuracy,
necessitating more  efficient learning methods like
microlearning, which allows students to learn anytime,
anywhere, and on any device. Various publications suggest that
microlearning will play a growing role in future educational
processes. Despite significant progress, effectively utilizing
microlearning units in  secondary education remains
challenging. This paper presents our experience with
microlearning in a computer science course. The microlearning
units were designed to quickly familiarize students with
computer science concepts. We provided students with a
structured map of microlearning units for the course, balancing
convenience and essential content. Additionally, each student
received  personalized  recommendations on  which
microlearning units to focus on, tailored to their individual
learning paths. However, active participation in the proposed
activities is crucial for developing key computer science skills.
The positive outcomes of using adaptive microlearning could
inspire other educators to reconsider traditional class structures
to boost student motivation.
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