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Abstract. Hypermedia Learning Environment (HLE) is a learning media that uses the
concept of multimedia learning and organizes it as an information structure that
resembles a network. Adaptive Metacognitive HLE is an HLE that can adapt to the user's
persona, i.e., metacognitive abilities. This research designed the HLE system interface
for classifying student metacognitive abilities with Unified Modelling Language (UML).
The metacognitive abilities of students were integrated with the adaptive HLE, enabling
them to gain a heightened awareness of their learning processes, comprehend their
strengths and weaknesses, and manage their learning more effectively. This can help
improve learning performance, promote problem-solving, and facilitate deeper and more
abstract understanding. The result of this research is a system design with Data Flow
Diagrams and User Interface design. Further research can evaluate the user experience
associated with the implementation of a classification system within the HLE, providing
valuable insights into its practicality and effectiveness.

Keywords: Adaptive Hypermedia Learning Environment, user interface design, student
classification.

1 Introduction

Education is an integral part of individual and modern societal development. In this digital era,
virtual learning systems are becoming increasingly crucial to support the learning process.
However, the success of virtual learning implementation is not solely determined by the
availability of technology but also by how well the system can adapt to the unique needs and
characteristics of each learner. An adaptive learning system is a learning system that presents a
personalized and adaptive interface for each user, derived from a variety of behaviors and
individual characteristics, along with the user's prior knowledge [1]. However, to achieve
effective adaptive learning, three critical elements need attention: (a) technology should be
designed and developed by individuals with a theoretical and practical understanding of
students, the learning process, and targeted content; (b) the system should provide high
interactivity and set high standards for the values it imparts, and (c) the system should have
the capability to evaluate learners [2]. In executing an effective learning process, it is crucial
for everyone to possess the ability to understand their own metacognition. This involves a
deep awareness of how one learns, an understanding of the most effective learning strategies
for oneself, and the ability to manage and organize one's cognitive processes reflectively. With
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a strong understanding of metacognition, individuals can efficiently face learning challenges,
enhance conceptual understanding, and optimize overall learning outcomes.

To support effective learning activities, every individual must be able to comprehend their
own metacognition. Understanding metacognition in the context of learning means training
students to develop themselves as self-regulated learners, encouraging them to manage their
own learning processes, become assessors of their own thoughts, and actively monitor the
ongoing learning process ([3]; [4]). Metacognition essentially creates a close connection
between the affective and cognitive dimensions. Empowering metacognition essentially
involves integrating the affective and cognitive aspects [5]. Nevertheless, not all students have
a profound understanding of metacognition, necessitating the use of an instrument or method
to measure or identify the level of metacognition in students.

In previous research, several studies have been conducted to model, predict, and classify
students' academic performance using Artificial Neural Network (ANN) methods [6]. Focused
on undergraduate students at a university in China, utilizing GPA data as the study object. The
results indicated that the ANN's performance could contribute to educational evaluation,
achieving a prediction accuracy rate of 84.8% and an AUC value of 0.86. Another study
explored the use of Data Mining techniques, such as ANN, Decision Tree, Support Vector
Machine (SVM), and Naive Bayes, to predict the performance of new students in supporting
university admission decisions. The case study was conducted at the Information System
Department, College of Computer and Information Science, Princess Nourah bin
Abdulrahman University (PNU), with the research object involving high school GPA
averages, Achievement Path Admission Test scores, and General Talent scores. The results
showed an ANN accuracy rate of 79.22%, surpassing other methods [7]. Additionally, a study
focused on developing a Hypermedia Learning Environment (HLE) with the aim of enhancing
students' self-regulated learning (SRL) abilities, using Agile Software Development and
Bayesian Network methods. The case study was conducted in the undergraduate programs of
Computer Science and Electrical Engineering at Universitas Gadjah Mada, with the research
object being self-regulated inventory (SRI) data. The research results indicated that the HLE
functioned well, and the system usability scale (SUS) results showed a "good" category with a
score of 72.92 [8].

This research aims to implement the Decision Tree algorithm in classifying students'
metacognitive abilities as an initial step in developing the Adaptive Metacognitive
Hypermedia Learning Environment (HLE). The primary focus of the study lies in designing
the user interface (UI/UX) using the Unified Modeling Language (UML) methodology. The
research involves a case study with students from the D4 Computer Engineering program at
Politeknik Negeri Jember. This interface is intelligently designed to adapt to individual
students' levels of understanding, preferences, and needs. By leveraging students'
metacognitive understanding, Adaptive Metacognitive HLE can provide a more personalized
and effective learning experience, assisting students in identifying appropriate learning
strategies and enhancing their understanding and learning motivation. Thus, this research
integrates metacognitive elements into Adaptive Metacognitive HLE, forming a robust
foundation for the development of an adaptive and responsive learning environment.



2 Material and Methods

2.1. Hypermedia Learning Environment System (HLE)

The Hypermedia Learning Environment (HLE) is an instructional medium that employs the
concept of multimedia learning and organizes it as an information structure resembling a
network [9]. In this structure, information fragments are stored in interconnected nodes and
can be accessed through electronic hyperlinks [10].

In the modern era, students still rely on educators. Students require a flexible learning
environment that provides possibilities for content and knowledge arrangement, as well as
control over their learning. Currently, multimedia and hypermedia technologies can realize
adaptation and personalization to meet each student's learning preferences [11]. The
implementation of key cognitive and metacognitive regulatory processes is crucial for
enhancing learning in open learning environments like hypermedia [12]. The results can lay
the groundwork for developing an adaptive system with a dynamic model, considering
individual differences among students [13].

2.2. Metacognitive

Metacognition is the individual's ability to understand and regulate their own thinking.
Individual metacognitive support significantly influences online students' metacognitive
performance, while social metacognitive support enhances students' engagement in peer
learning processes and enables collaboration in Computer-Supported Collaborative Learning
(CSCL) [14].

Metacognition consists of two interrelated aspects, as illustrated in Figure 1. Knowledge of
metacognition and regulation of metacognition are the two main facets of metacognitive
abilities. Knowledge of metacognition is associated with understanding, whereas regulation of
metacognition involves the ability to self-regulate by utilizing that knowledge to achieve
learning goals. These two aspects are interrelated and essential for attaining effective
metacognitive abilities [15].

Fig. 1. Metacognitive Component [15]



2.3. Unified Modelling Language (UML)

The use of the Unified Modelling Language (UML) in this research involved a series of
crucial stages that supported the modelling [16] of the Adaptive Metacognitive Hypermedia
Learning Environment (HLE) system and the integration of students' metacognitive abilities.
The primary focus of this research is the development of the HLE interface, designed with a
deep consideration of students' metacognitive abilities. Through the application of the Unified
Modelling Language (UML), the stages of analysis, design, and development of the Adaptive
Metacognitive HLE interface were centred on creating an adaptive and responsive learning
environment.

In the integration of students' metacognitive abilities, UML was used to model the interaction
between students and the system, understand the workflow in the metacognitive context, and
produce an interface that supports monitoring and enhancing students' metacognitive abilities.
Thus, the UML approach formed a robust foundation in the development of Adaptive
Metacognitive HLE that understood and responded to individual metacognitive needs, shaping
a more personalized and effective learning environment.

2.4. Data Flow Diagram

The development of the Adaptive Metacognitive Hypermedia Learning Environment
(HLE) interface was undertaken with careful consideration of students' metacognitive abilities,
utilizing Data Flow Diagrams (DFD). The DFD approach was employed to illustrate the data
flow within Adaptive Metacognitive HLE, map out the processes, and identify the entities
involved in integrating students' metacognitive abilities. With the assistance of DFD, the
stages of analysis, design, and development [17] of the Adaptive Metacognitive HLE interface
were focused on modelling a system capable of understanding and responding to individual
metacognitive needs. The result was an interface that supported monitoring and enhancing
students' metacognitive abilities, making Adaptive Metacognitive HLE a more effective and
adaptive personalized learning environment.

3 Results and Discussions

The Adaptive Metacognitive Hypermedia Learning Environment (HLE) system serves as the
primary foundation for an effective digital learning experience. HLE is designed to provide
students with easy and structured access to educational content, facilitating information
delivery, content organization, and interactive support such as assignments and assessments.
The User Interface (UI) in HLE plays a crucial role in connecting students with learning
content. A well-designed UI in HLE should be carefully considered, incorporating an easily
understandable layout, intuitive navigation, and aesthetics that support focused learning. Users
should be able to quickly access the content they need without hindrances, and interactive
features like discussions or collaborations should be seamlessly integrated. A good UI in HLE
creates a more enjoyable and productive learning experience for students.

In the context of HLE, Use Case Diagrams are used to depict various roles or actors within the
system, including super admin, admin, and students. The super admin has high-level access to
manage the entire system, the admin is responsible for content administration and



management, while students are end-users who interact with the learning materials. Use Case
Diagrams help understand how each actor interacts with the system and how functionalities
operate.
Furthermore, the Data Flow Diagram (DFD) in HLE is an essential tool for modelling data
flow within the system. DFDs at different levels, such as level 0, level 1, and so on, help break
down how data flows between entities in HLE. DFDs allow us to identify processes, external
entities, and data involved in HLE. This is a crucial initial step in designing an efficient system
and ensuring that data flows within HLE operate smoothly.

Fig. 2. Data Flow Diagram Level 0

Figure 2 illustrates the Data Flow Diagram Level 0 of the Hypermedia Learning Environment,
featuring three access levels: students, administrators, and super administrators. Students have
the capability to receive categorization results and pre-test scores from the HLE, while also
contributing through account data and questionnaires. Administrators possess access to student
outputs and the ability to input questionnaire questions. Super administrators, with additional
privileges, are empowered to manage admin account data alongside their other
responsibilities.

Fig. 3. Data Flow Diagram Level 1



Figure 3 shows students go through a registration process, creating an account initially, and
once the account is established, the data is stored in the student account database. Students
listed in the database can complete questionnaires by submitting their answers. The
questionnaire results, in the form of scores, are categorized based on metacognitive. After
categorization, students can take a pre-test. The categorization results and pre-test scores are
accessible to students, administrators, and super administrators. Super administrators and
administrators begin by registering admin accounts. Once the admin accounts are created,
administrators and super administrators collaboratively design questions to form
questionnaires, which are then made available for students to fill out.

Fig. 4. Use Case Diagram

Figure 4 shows the use case diagram of HLE for the classification of metacognitive skills.
There are 5 main use cases namely, login, dashboard, questionnaire, course, and profile.
Student can only take a course after he takes the questionnaire. The course instructions will
adjust with the metacognitive skill level.

The utilization of Data Flow Diagrams (DFD) and Hypermedia Learning Environment (HLE)
in this study provides significant advantages. DFD aids in system design by visualizing data
flow and processes, offering a clear understanding of how data circulates within the
Hypermedia Learning Environment. It establishes access levels for students, administrators,
and super administrators, ensuring appropriate access rights for each role. Additionally,
insights into the student registration process and data storage within HLE guarantee
well-structured procedures. The integration of Use Case Diagrams facilitates comprehension
of user-system interactions, while a focus on UI/UX, considering metacognitive aspects in
HLE, ensures user interface development aligned with user needs. Integrating metacognition
into the Adaptive Metacognitive HLE forms a robust foundation for personalized and adaptive
learning. This empowers students to identify suitable learning strategies based on their



learning styles and metacognitive needs. Therefore, the combined use of DFD and HLE
supports the development of a structured learning environment, ensuring the effectiveness of
learning by incorporating metacognitive aspects.

High-Fidelity HLE is a development stage that focuses on the UI visual design. In this
process, tools like Figma are used to create the final appearance of the HLE interface. This
design includes colour selection, typography, icons, and other UI elements. High Fidelity HLE
aims to provide an attractive and functional look for the previously designed interface in
Figures 5, 6, 7, and 8, it shows the Dashboard Page, Questionnaire Page Layout, Virtual
Agent Page, and User Profile Page. It helps visualize the actual user experience within HLE.
In the overall context of HLE development, these elements work together to create an
effective and satisfying digital learning environment, better supporting the student's learning
journey.

Fig. 5. Dashboard Page

Figure 5 shows the dashboard page of HLE. The dashboard page shows the information about
the level of student metacognitive skills. On the dashboard page, if the student has not taken
the questionnaire, then the virtual agent will guide students to take the questionnaire first to
get the classification of metacognitive skills.



Fig. 6. Virtual Agent

Figure 6 shows how the virtual agent welcomes and guides the students to take the
questionnaire. The virtual agent will give the instructions to take the questionnaire first to get
the metacognitive skill classification.

Fig. 7. Questionnaire Page Layout

Figure 7 shows the questionnaire page. This page shows the instructions on how to fill out the
questionnaire using a Likert scale from 0 to 4. The questionnaire page shows 52 questions to
classify the student's metacognitive skill according to the Metacognitive Awareness Inventory.
These questions are divided into 2 main categories, namely, knowledge of metacognition
(KM) and regulation of metacognition (RM). Knowledge of metacognition is related to
knowledge, while regulation of metacognition is related to the ability to self-regulate in
utilizing this knowledge to achieve learning goals. These two aspects are interrelated and
necessary to achieve effective metacognitive abilities [18].



Fig. 8. User Profile Page

Figure 8 shows the user profile page. This page allows user to complete their identity. User
identity will be used to analyse the number of users based on the generation and metacognitive
level.

The findings of this study contribute significantly to the body of knowledge in the field. The
results, derived from the implementation of Data Flow Diagrams (DFD) and the Hypermedia
Learning Environment (HLE), offer valuable insights into the structured design of a learning
environment. The identified access levels for students, administrators, and super
administrators, as visualized in the DFD, provide a nuanced understanding of user roles and
their corresponding privileges. Furthermore, the detailed depiction of student registration
processes and data storage within HLE adds depth to the understanding of system
functionalities. In the broader context, these findings align with the need for well-organized
and user-specific educational interfaces. Importantly, the study's emphasis on integrating
metacognitive elements into the Adaptive Metacognitive HLE establishes a novel
contribution. This innovative approach not only addresses the personalized learning needs of
students but also aligns with the current discourse on metacognitive strategies in educational
technology. The study's findings resonate with and build upon previous research in the area,
reinforcing the importance of considering metacognition in the design of educational
technologies. As such, this research enriches the existing body of knowledge by providing
practical insights and implications for the effective integration of metacognitive elements into
adaptive learning environments.

4 Conclusion

This study highlights the importance of employing Data Flow Diagrams (DFD) and the
Hypermedia Learning Environment (HLE) in the development of a structured and user-centric
educational platform. The delineation of access levels through DFD provides nuanced insights
into user roles, and tailoring privileges for students, administrators, and super administrators.
The in-depth exploration of student registration processes and data storage within the HLE
contributes valuable insights into system functionalities, emphasizing the need for
well-organized educational interfaces. Notably, the innovative integration of metacognitive



elements into the Adaptive Metacognitive HLE in the study represents a significant
advancement, aligning with the evolving discourse on personalized learning strategies. These
findings not only enrich the existing body of knowledge in educational technology but also
offer practical insights for enhancing the effectiveness of adaptive learning environments. To
extend this research, it is recommended that future studies delve into implementing UI/UX
design into a web-based system. This step would ensure an optimal user experience, fostering
seamless interaction and potentially improving educational outcomes. Such investigations
could further advance the field by addressing specific challenges and opportunities associated
with web-based educational platforms.
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