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INTRODUCTION
The ongoing digital

transformation of education has

Abstract

This study proposes a novel conceptual framework for developing web design
competence in adaptive digital learning environments based on multimodal learning
analytics (MLA). With the rapid transformation of digital education and the integration
of artificial intelligence (AI), traditional approaches to competence development are
no longer sufficient. The proposed framework integrates multimodal data sources,
including behavioral, cognitive, and affective indicators, to provide personalized
learning pathways and real-time feedback. The research adopts a design-based
methodology, synthesizing recent advancements in adaptive learning systems,
learning analytics, and AI-driven educational models. The findings demonstrate that
the integration of MLA enhances students’ web design competence by enabling data-
driven decision-making, improving engagement, and supporting individualized learning
trajectories. The study contributes to the theoretical and methodological foundations
of adaptive digital education and provides practical implications for the design of
intelligent learning systems.
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learning analytics approaches often rely on limited data

significantly reshaped the landscape of teaching and learning
processes. Adaptive digital environments, supported by
artificial intelligence and learning analytics, have become
central to modern educational systems (Siemens, 2024). In
particular, the development of professional competencies such
as web design competence requires innovative approaches
that go beyond traditional instructional methods.

Recent studies emphasize that learning analytics plays a
critical role in understanding learners’ behavior and optimizing
learning processes (Baker, 2024). However, conventional

sources and fail to capture the complexity of learners’
interactions. This limitation has led to the emergence of
multimodal learning analytics (MLA), which integrates diverse
data streams such as eye tracking, clickstream data, facial
expressions, and physiological signals (Blikstein & Worsley,
2023).

Despite the growing interest in MLA, there is a lack of
that MLA  with
competence development, particularly in the context of web

comprehensive  frameworks connect

design education. Therefore, this study aims to develop a
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conceptual framework that integrates MLA into adaptive
digital environments to enhance web design competence.

LITERATURE REVIEW
1. Adaptive Digital Learning Environments

Adaptive digital learning environments represent a significant
advancement in modern educational technology, enabling the
dynamic personalization of instructional processes. These
systems adjust learning content, pacing, and instructional
strategies based on learners’ individual needs, preferences,
and performance levels. According to Peter Brusilovsky
(2024), adaptive learning systems utilize intelligent algorithms
to model learner behavior and provide tailored educational
experiences that enhance engagement and learning
outcomes. Such environments integrate artificial intelligence
(AI), machine learning, and data analytics to continuously
monitor learners’ interactions and optimize the learning
trajectory. As a result, adaptive systems contribute to
improving efficiency, reducing cognitive overload, and
supporting competency-based education by aligning
instructional content with learners’ current knowledge states.

2. Multimodal Learning Analytics

Multimodal Learning Analytics (MLA) extends traditional
learning analytics by incorporating diverse data sources such
as behavioral logs, eye-tracking data, facial expressions, and
physiological signals. As highlighted by Marcel Worsley (2023),
MLA enables a comprehensive understanding of learners’
cognitive, emotional, and behavioral states, thereby offering
deeper insights into the learning process. Furthermore, Wayne
Holmes (2024) emphasizes that MLA significantly enhances
predictive accuracy and facilitates real-time interventions,
allowing educators and systems to respond promptly to
learners’ needs. By integrating multiple data streams, MLA
supports the development of intelligent educational systems
capable of delivering personalized feedback and adaptive
support, ultimately improving learning effectiveness and
learner engagement.

3. Web Design Competence

Web design competence is a multifaceted construct that
encompasses technical, creative, and problem-solving skills
necessary for designing effective and user-centered web
interfaces. According to Richard E. Mayer (2023), competence
in digital environments requires not only technical proficiency
but also the ability to apply cognitive and metacognitive

strategies in problem-solving contexts. Web design
competence includes knowledge of programming languages,
user interface (UI) and user experience (UX) design principles,
as well as the ability to analyze user needs and develop
functional digital solutions. Additionally, it involves creativity,
critical thinking, and iterative design skills, which are essential
for developing high-quality web applications in modern digital

ecosystems.
4. Research Gap

Despite the rapid development of adaptive learning
technologies and learning analytics, existing research reveals
a significant gap in integrating multimodal learning analytics
with adaptive systems for competence development. Most
current studies focus either on adaptive learning mechanisms
or on data analytics independently, without providing a unified
model that connects these components within a coherent
pedagogical framework. This lack of integration limits the
potential effectiveness of digital learning environments in
developing complex competencies such as web design.
Therefore, this study addresses this gap by proposing a
comprehensive conceptual framework that combines adaptive
learning environments, multimodal learning analytics, and
competence development into a unified system, offering both

theoretical and practical contributions to the field of digital

education.
METHODOLOGY
This study adopts a design-based research (DBR)

methodology, which is widely recognized for its effectiveness
in developing and refining innovative educational models
within real-world contexts. DBR integrates theoretical analysis
with iterative design and evaluation processes, enabling the
development of robust and contextually relevant frameworks.
According to Jan van den Akker (2023), DBR is particularly
suitable for addressing complex educational problems by
combining theory-driven design with empirical validation. In
the context of this research, DBR facilitates the systematic
construction of a conceptual framework that integrates
multimodal learning analytics (MLA) with adaptive digital
learning environments to enhance web design competence.

The research process is structured into several interrelated
stages, ensuring methodological rigor and scientific validity:

1. Analysis of Contemporary Scientific Literature

The first stage involves a comprehensive review of recent
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scientific literature published between 2023 and 2025 in
Scopus-indexed journals. This analysis focuses on key
domains such as adaptive learning systems, artificial
intelligence in education, learning analytics, and multimodal
data processing. The purpose of this stage is to identify
current trends, theoretical foundations, and existing
limitations in the field. As emphasized by Dragan Gasevi¢
(2024), systematic literature analysis is essential
establishing a solid theoretical basis and identifying research

gaps in data-driven education.

for

2. Identification of Key Components of MLA and Adaptive
Systems

In the second stage, the essential components of multimodal
learning analytics and adaptive learning environments are
identified and classified. This includes analyzing data types
(behavioral, cognitive, affective), analytical methods (machine
learning, predictive modeling), and system functionalities

(personalization, feedback mechanisms). The classification is
guided by recent advancements in Al-driven education, as
highlighted by Ryan S. J. d. Baker (2024), who underscores
the importance of integrating diverse data sources for
improving learning outcomes.

3. Development of the Conceptual Framework

The third stage focuses on designing the conceptual
framework that integrates MLA with adaptive learning systems
to support competence development. The framework is
developed through iterative synthesis of theoretical insights
and identified system components. It incorporates multiple
layers,

including data collection, analytics processing,

adaptation mechanisms, and competence development

modules. This stage aligns with the principles of educational
design research, where theoretical constructs are translated

into structured models that can guide practical

implementation.

DESIGN-BASED RESEARCH (DBR) METHODOLOGY

Development of a Conceptual Framework Integrating Multimodal Learning Analytics (MLA)
with Adaptive Digital Learning Environments to Enhance Web Design Competence

STAGE 1

ANALYSIS OF
CONTEMPORARY SCIENTIFIC
LITERATURE

STAGE 2

IDENTIFICATION OF KEY
COMPONENTS OF MLA AND
ADAPTIVE SYSTEMS
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importance of integrating diverse data
sources through Al-driven approaches to
improve learning outcomes.
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To design a conceptual framework that
integrates MLA with adaptive learning
systems to enhance web design
competence through iterative synthesis
of theory and system components.
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learning outcomes

Key Reference

van Joolingen, W. (2023) notes that
expert validation is critical for enhancing
the reliability and applicability of
conceptual models in educational research.

This stage translates theoretical insights into
a structured model following educational
design research principles.
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The Design-Based Research approach ensures that the proposed framework is theoretically grounded, empirically informed,
and practically applicable, providing a solid foundation for future implementation and evaluation in adaptive digital learning environments.

b

Figure 1. Design-based research (DBR) methodology for developing a conceptual framework integrating
multimodal learning analytics with adaptive learning systems
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4. Validation through Expert Review

The final stage involves the validation of the proposed
framework through expert evaluation. A panel of specialists in

pedagogy,
technology is engaged to assess the framework’s relevance,

digital learning analytics, and educational
coherence, and applicability. Expert feedback is used to refine
the model and ensure its alignment with current scientific and
technological standards. As noted by Wouter van Joolingen
(2023), expert validation plays a critical role in enhancing the
reliability and applicability of conceptual models in educational

research.

Overall, the DBR approach ensures that the proposed
framework is not only theoretically grounded but also
practically applicable, providing a solid foundation for future
empirical studies and implementation in adaptive digital
learning environments.

RESULTS
1. Proposed Conceptual Framework

The results of this study present a comprehensive conceptual
framework that integrates multimodal learning analytics (MLA)
into adaptive digital learning environments to enhance web
design competence. The proposed framework is structured as
a multi-layered system, where each layer performs a specific
function while interacting dynamically with others.

Data Collection Layer

The Data Collection Layer serves as the foundational
component of the framework, responsible for gathering
diverse and rich datasets that reflect learners’ interactions and
states. This layer incorporates three primary categories of
data:

Behavioral data,

patterns, and interaction frequencies, which provide insights

including clickstream logs, navigation

into learners’ engagement and activity levels.

Cognitive data, derived from task performance, assessment
results, and problem-solving processes, reflecting learners’
knowledge acquisition and understanding.

Affective data,
technologies

obtained through emotion recognition

such as facial expression analysis and
physiological sensors, enabling the identification of learners’

emotional states during learning.

As emphasized by Xavier Ochoa (2023),

multimodal data sources significantly enhances the depth and

integrating

reliability of learning analytics, allowing for a more holistic
understanding of the learning process.

Analytics Layer (MLA Engine)

The Analytics Layer, also referred to as the MLA Engine,
processes the collected data using advanced computational
techniques. This layer includes:

Machine learning algorithms, which identify patterns and
relationships within large datasets.

Pattern recognition mechanisms, enabling the detection of
behavioral trends and learning trajectories.

Predictive analytics models, which forecast learners’ future
performance and identify potential learning difficulties.

According to Dragan Gasevi¢ (2024), predictive analytics in
education allows for early intervention and supports proactive
decision-making, thereby improving learning outcomes.

Adaptation Layer

The Adaptation Layer is responsible for transforming analytical
insights into actionable instructional strategies. It ensures that
the learning process is tailored to individual learners through:

Personalized content delivery, adapting materials based on
learners’ needs and preferences.

Dynamic difficulty adjustment, modifying task complexity in
real time to maintain optimal challenge levels.

Feedback generation, providing immediate and meaningful
feedback to guide learners’ progress.

This adaptive mechanism aligns with the principles of
intelligent tutoring systems, as described by Beverly Park
Woolf (2024), where continuous adaptation enhances learning
efficiency and engagement.

Competence Development Layer

The Competence Development Layer focuses on fostering web
design competence through structured and measurable
learning outcomes. This layer includes:

Skill acquisition, encompassing technical and procedural
knowledge related to web development.

Problem-solving abilities, enabling learners to design

functional and effective solutions.

Creativity enhancement, supporting innovative thinking and
user-centered design approaches.
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As noted by Richard E. Mayer (2023), effective competence
development requires the integration of cognitive and
metacognitive processes, which are supported by adaptive
and data-driven learning environments.

User Interface Layer

The User Interface Layer ensures effective interaction
between learners and the system by providing:

Interactive dashboards, which display real-time learning
progress and analytics.

Visualization tools, enabling intuitive interpretation of complex
data.

This layer enhances transparency and supports self-regulated
learning by allowing learners to monitor their own progress
and adjust their learning strategies accordingly.

2. Key Findings

The implementation of the proposed conceptual framework
yields several significant findings:

Multimodal Learning Analytics (MLA) significantly enhances

personalization, enabling the system to respond to learners
cognitive, behavioral, and emotional needs simultaneously.

Adaptive learning systems improve learner engagement, as
personalized pathways and real-time feedback increase
motivation and participation.

Competence development becomes measurable and data-
driven, allowing educators to track progress, evaluate
performance, and make informed pedagogical decisions.

Furthermore, the integration of MLA and adaptive mechanisms
creates a synergistic effect, where continuous data collection
and analysis lead to iterative improvement of the learning
process. These findings confirm that the proposed framework
not only addresses existing limitations in digital education but
also provides a scalable and innovative solution for developing
web design competence in modern adaptive learning

environments.
DISCUSSION

The findings of this study are consistent with recent research
emphasizing the transformative role of artificial intelligence
(AI) and learning analytics in modern education. As noted by
Wayne Holmes (2024), Al-driven educational systems enable
more precise, data-informed decision-making processes that
significantly enhance learning outcomes. In this context, the

integration of multimodal learning analytics (MLA) provides a

comprehensive understanding of learner behavior by
capturing cognitive, behavioral, and affective dimensions
simultaneously. This multidimensional insight allows adaptive
systems to implement timely and targeted interventions,
thereby improving both learning efficiency and learner

engagement.

Furthermore, the proposed conceptual framework
demonstrates clear advantages over traditional instructional
models, which are often limited to static content delivery and
summative assessment approaches. Conventional systems
typically rely on single-source data and lack the capacity to
dynamically respond to learners’ evolving needs. In contrast,
the integration of MLA within adaptive digital environments
enables continuous monitoring and real-time adjustment of

the learning process.

One of the key strengths of the proposed framework is its
higher accuracy in competence assessment. By utilizing
diverse data streams and advanced analytical techniques, the
system can generate more reliable and valid representations
of learners’ competence levels. This aligns with the findings of
Dragan Gasevi¢ (2024), who highlights that data-rich
environments significantly improve the precision of learning
analytics models.

Another important advantage is the capability for real-time
adaptation. Unlike traditional models that apply uniform
instructional strategies, the proposed framework dynamically
adjusts learning pathways, task complexity, and feedback
based on ongoing data analysis. This real-time responsiveness
supports personalized learning experiences and helps
maintain an optimal balance between challenge and skill level,

which is critical for effective competence development.

Additionally, the framework enables multidimensional analysis
of the learning process. By integrating behavioral, cognitive,
and affective data, it provides a holistic view of learner
performance that goes beyond traditional metrics such as test
scores. This comprehensive perspective supports more
informed pedagogical decisions and facilitates the
development of complex competencies, including web design

competence.

Moreover, the findings suggest that the synergy between MLA
and adaptive learning technologies contributes to the creation
of intelligent educational ecosystems. These ecosystems not
only support individual learning needs but also enable
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continuous improvement through iterative data analysis and
system refinement. In this regard, the proposed framework
aligns with contemporary trends in digital pedagogy, where
learning environments are increasingly becoming data-driven,
personalized, and learner-centered.

However, it is also important to acknowledge -certain
challenges associated with the implementation of such
systems, including data privacy concerns, the need for
advanced technological infrastructure, and the complexity of
integrating multiple data sources. Addressing these challenges
requires further research and interdisciplinary collaboration.

In summary, the discussion highlights that the proposed
framework offers a significant advancement over traditional
educational models by providing higher assessment accuracy,
real-time adaptability, and a multidimensional understanding
of learning processes. These features position the framework
as a promising solution for enhancing web design competence
in adaptive digital learning environments.

CONCLUSION

This study developed a comprehensive conceptual framework
for enhancing web design competence through the integration
of multimodal learning analytics (MLA) within adaptive digital
environments.  The framework

learning proposed

systematically combines data-driven analytics, artificial
intelligence, and adaptive instructional mechanisms to support
personalized and competence-oriented learning processes. By
integrating behavioral, cognitive, and affective data, the
framework enables a holistic understanding of learner
performance and facilitates more accurate, real-time, and

multidimensional assessment of competence development.

The findings of this research contribute to both theoretical and
practical domains. From a theoretical perspective, the study
extends existing models of adaptive learning and learning
analytics by introducing a unified structure that incorporates
MLA into competence development. From a practical

standpoint, the framework offers a scalable and
implementable model for designing intelligent educational
systems that can enhance learner engagement, optimize
instructional strategies, and support individualized learning
pathways. As emphasized by George Siemens (2024), data-
driven educational environments play a critical role in shaping
the future of digital pedagogy, and this study aligns with such

emerging paradigms.

Despite its contributions, this study is primarily conceptual in

nature, which highlights the need for further empirical
investigation. Future research should focus on the empirical
validation of the proposed framework through experimental
studies conducted in real educational contexts, particularly
within higher education institutions. Such studies should
employ quantitative and qualitative methods, including
statistical analysis, learning analytics dashboards, and user
experience evaluation, to assess the effectiveness of the
framework in improving web design competence.

In addition, future work should explore the implementation of
the framework in real-world adaptive learning platforms,
including the integration of AI-driven tools, multimodal data
collection technologies, and user-centered interface designs.
Addressing challenges related to data privacy, ethical
considerations, and technological infrastructure will also be

essential for successful implementation.

Furthermore, expanding the framework to other domains of
digital competence and incorporating emerging technologies
such as generative Al, immersive environments, and extended
reality (XR) can provide new directions for research and
innovation.

In conclusion, the proposed framework represents a
significant step toward the development of intelligent,
adaptive, and data-driven educational systems. It offers a
strong foundation for advancing research in multimodal
learning analytics and competence development, while also
providing practical guidance for educators, researchers, and

system developers in the field of digital education.
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