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Abstract.This article explores an innovative approach that combines the ADDIE and Scrum
methodologies to develop pedagogical objects in adaptive hypermedia systems. The aim is to address
the evolving needs of learners in a constantly changing learning environment. This integration provides
increased flexibility, allowing for quick adjustments based on learners' requirements. It also promotes
multidisciplinary collaboration, enhances pedagogical quality through regular reviews, maintains
alignment with educational objectives, and ensures transparent quality management. The article
presents an architecture tailored to this approach, highlighting key components to promote
adaptability. It discusses future prospects for the implementation of this approach, including
automation and the integration of artificial intelligence, thus opening up new possibilities for
continuous improvement in adaptive education and learning.
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INTRODUCTION

Intelligent learning and adaptive hypermedia systems have revolutionized the
way education is delivered and have opened up new possibilities for personalized
learning. At the core of this revolution are pedagogical objects, educational resources
that can take various forms, such as learning modules, interactive videos, quizzes,
simulations, and more. These pedagogical objects play a central role in creating
engaging, effective, and learner-specific learning experiences.

Pedagogical objects are at the heart of intelligent learning and adaptive
hypermedia systems. They are designed to help learners acquire knowledge, develop
skills, and achieve specific educational goals. They are essential components that
facilitate individualized learning by enabling systems to adapt to the needs,
preferences, and performance of each learner. As such, pedagogical objects have
garnered significant international interest as drivers of educational innovation.

However, the creation of effective and adaptive pedagogical objects is a complex
task that requires a robust methodological approach. Over the years, the focus on
technical aspects, such as metadata standardization and software packaging, has
diverted attention from central issues related to how to develop pedagogical learning
objects of high pedagogical quality. It is in this context that agile approaches, notably
the Scrum methodology, have gained importance in the field of education.

The agile approach, popularized in the software development field, has proven
itself in managing complex projects characterized by changing requirements and rapid
development cycles. It is characterized by its flexibility, interdisciplinary collaboration,
and emphasis on the continuous delivery of high-quality products. The application of
agile approaches in education and the creation of pedagogical objects provide a
suitable response to the challenges of personalized learning, content customization,
and responsiveness to the constantly evolving needs of learners.\

The main objective of this article is to explore the integration of the ADDIE
(Analysis, Design, Development, Implementation, Evaluation) and Scrum approaches
in the production of pedagogical objects for adaptive hypermedia systems. We will
demonstrate how this combination can harmonize the detailed planning of ADDIE
with the agile flexibility of Scrum, thereby enabling the creation of high-quality
educational resources tailored to the changing needs of learners. By examining the
benefits of this approach, we will also provide concrete examples of application and
practical recommendations for education and pedagogical development practitioners.

METHODOLOGY

The effectiveness of combining ADDIE (Analysis, Design, Development,
Implementation, Evaluation) and Scrum lies in the synergy of two complementary
approaches, each bringing unique benefits to the creation of pedagogical objects for
adaptive hypermedia systems.

Presentation of the ADDIE Approach

The ADDIE model is a widely used framework in instructional design,
particularly for creating online learning modules and various training materials.
ADDIE is an acronym for Analyze, Design, Develop, Implement, and Evaluate,
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reflecting the comprehensive approach of the model in the development of
educational programs (Crompton et al., 2023; Drljaca et al., 2017). This model was
created in 1975 by the Center for Educational Technology at Florida State University
for the U.S. military. It provides a structured methodology for designing any type of
curriculum and is adaptable across different instructional design methods, whether
for lectures or web-based training (Branch, 2009; Gamal, 2022; Spatioti et al.). The
ADDIE approach is a pedagogical development model that serves as a methodological
framework for creating high-quality pedagogical objects. This model, which has
evolved over the decades, consists of five interdependent phases, each with a clearly
defined role in the development process (Cotter et al., 2023; Shelton & Saltsman, 2011).

1) Analysis:

Analysis is the initial phase of the ADDIE process. It aims to deeply understand
learners' learning needs, targeted educational objectives, usage context, and potential
constraints. This often involves conducting a needs analysis, gathering learner data,
and defining success indicators.

The primary goal of this phase is to establish a strong foundation for further
development by identifying issues to address and setting clear objectives.

2) Design:

The design phase builds on the results of the analysis. It involves creating a
detailed plan for pedagogical objects. This includes structuring content, designing
learning activities, selecting media, defining interactions, and assessments.

Design focuses on creating an effective and engaging learning experience that
aligns with educational objectives. It takes into account learners' needs and
preferences, as well as pedagogical principles.

3) Development:

The development phase puts the design plan into action. It involves the actual
creation of pedagogical objects, including the production of multimedia content,
programming interactions, creating educational materials, and assembling all
necessary resources.

This phase requires close collaboration between instructional designers,
multimedia developers, and domain experts.

4) Implementation:

Once the pedagogical objects have been developed, they are integrated into the
learning system or platform intended for learners. This phase ensures that resources
are accessible, the learning environment is ready, and users can interact with the
pedagogical objects.

Implementation often includes testing to verify that everything functions
correctly and that users can access the content.

5) Evaluation:
The evaluation phase is essential for measuring the effectiveness of pedagogical
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objects. It includes both formative assessments, which track learners' progress and
allow for adjustments along the way, and summative assessments, which measure final
learning outcomes. Data collected during this phase serves to identify the strengths
and weaknesses of pedagogical objects, determine if educational objectives have been
achieved, and guide future improvements.

The ADDIE approach offers a structured methodology that ensures pedagogical
objects are developed with careful attention to needs analysis, thoughtful design,
production quality, effective implementation, and ongoing evaluation. However, it can
sometimes be perceived as rigid, necessitating integration with agile methodologies
like Scrum to address the changing needs of learners.

Presentation of the Scrum Methodology

Scrum is an agile methodology widely used in the software development field,
but it also finds successful applications in other domains, including education
(Sutherland and Schwaber, 2017). This methodology is characterized by its flexibility,
iterative and incremental approach, and its focus on interdisciplinary collaboration
(Wonohardjo et al., 2019).

Scrum is structured around self-organizing teams working in fixed-duration
sprints, typically two to four weeks long. Each sprint is a development period during
which the team commits to producing a set of features, components, or finished
products (Nyembe et al., 2023; Prasetya et al., 2021).

A central aspect of Scrum is the role of the Scrum Master, who facilitates the
process, removes obstacles, and supports the team in achieving its goals (Scrum, 2020).
Furthermore, the Scrum team includes multidisciplinary members, such as
developers, testers, designers, and other experts necessary to complete the project
(Morandini et al., 2021 ; Rahmadi & Lavicza, 2021).

The Scrum board is a visual tool used to track work progress. It includes
elements such as the product backlog, the list of tasks to be completed (sprint
backlog), and items currently in development (Adi, 2015; Garzaniti et al., 2019).

Scrum promotes constant collaboration and transparent communication
within the team. Daily stand-up meetings allow team members to synchronize, resolve
issues, and adjust the plan as needed (Schwaber, 1997; Melillan et al., 2023). At the end
of each sprint, a review is conducted to examine the sprint's outcomes, gather
stakeholder feedback, and plan the next sprint.

Scrum offers a dynamic and iterative approach to managing complex projects
while allowing responsiveness to changing project needs. This methodology has been
successfully adopted in the field of education to enhance the management of
educational projects and the creation of adaptive pedagogical objects (Brock et al.,
2016; Sassa et al., 2023).

Advantages of Combining ADDIE and Scrum

The combination of the ADDIE (Analysis, Design, Development,
Implementation, Evaluation) and Scrum approaches brings numerous significant
advantages to the process of creating pedagogical objects, especially in an adaptive
context for hypermedia systems.
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+ Structure and Flexibility: The ADDIE approach provides a clear structure for
the analysis, design, development, implementation, and evaluation of
pedagogical objects. Scrum, on the other hand, brings the flexibility needed to
adapt to changing project needs. Combining these two methodologies allows
for both structure and adaptability.

» Agile Project Management: Scrum introduces agile project management based
on iterative sprints and frequent reviews. This enables development teams to
quickly respond to feedback and make adjustments, ultimately improving the
quality of pedagogical objects.

* Responsiveness to Learner Needs: Using Scrum in the process allows for
increased responsiveness to the changing needs of learners. Adjustments can
be made swiftly to ensure that pedagogical objects remain relevant and
effective.

* Interdisciplinary = Collaboration: =~ Scrum encourages interdisciplinary
collaboration by bringing together experts in pedagogy, multimedia designers,
developers, and other professionals within the team. This ensures a seamless
integration of pedagogical and technical aspects in the creation of pedagogical
objects.

» Continuous Improvement: The combination of ADDIE and Scrum promotes the
continuous improvement of pedagogical objects. Ongoing evaluations and
revisions help identify strengths and weaknesses, leading to constant
improvements in pedagogical quality.

+ Alignment with Educational Objectives: The ADDIE methodology ensures that
pedagogical objects are aligned with educational objectives, while Scrum
ensures that these objectives are maintained throughout the development
process.

* Quality Management: Both approaches emphasize quality management from
both technical and pedagogical perspectives. This ensures that pedagogical
objects are not only functional but also effective for learning.

The combination of ADDIE and Scrum offers a comprehensive approach to
creating adaptive pedagogical objects in hypermedia systems. It combines the
structure of ADDIE's analysis, design, development, and evaluation with the flexibility,
responsiveness, and continuous improvement of Scrum, making it a powerful
approach to address the evolving needs of adaptive education.

RESULTS

When creating adaptive pedagogical objects within the context of an adaptive
hypermedia system, a well-designed architecture is essential to ensure the
effectiveness of the entire process. The proposed architecture combines the best
practices of the ADDIE approach and the agile principles of Scrum to provide a robust
and flexible structure.
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Pedagogical Concept

Creating learning senarios,
structuring content and
defining adaptation
mechanisms to design adaptive
pedagogical objects N f
ssopicaton] Pedagogical Analysis
dentify learners' needs, define
pedagogical cbjectives and collect
Pedagogical data to persona earning. This
Sprints analysis is iterative and continuous.

Sprints Pédagogiques
Réaliser des cycles de
développement dédiés 3 des
éléments pédagogiques
spécifiques, avec des durées

définies, en se concentrant sur
es priorites. . . .
Pedagogical Reviews and Evaluation

Assess the quality of the pedagogica
objects at the end of each sprint,
ncorporating feedback from learers
to ensure continuous improvement.

Collaborative Development
Multidisciplinary collaboration
between pedagogical experts,
multimedia designers and developers
to create high-quality learning
objects.

1. Pedagogical Analysis: This phase corresponds to the Analysis phase of ADDIE. It
involves identifying learners' needs, defining pedagogical objectives, and
collecting the necessary data for personalized learning. This analysis is iterative
and continuous throughout the process.

2. Pedagogical Design: Pedagogical design, also inspired by the Design phase of
ADDIE, involves creating learning scenarios, structuring content, and defining
adaptation mechanisms. This phase is crucial for designing effective adaptive
pedagogical objects.

3. Pedagogical Sprints: This component is borrowed from Scrum and consists of
development cycles dedicated to creating specific pedagogical objects. Each
sprint has a defined duration and focuses on the creation of priority pedagogical
elements.

4. Collaborative Development: The development phase is a multidisciplinary
collaboration, integrating pedagogy experts, multimedia designers, and
developers. Team members work together to create high-quality pedagogical
objects that meet the objectives.

5. Pedagogical Reviews and Evaluation: At the end of each sprint, pedagogical
reviews are conducted to assess the quality of the produced pedagogical objects.
Evaluation also includes feedback from learners, contributing to continuous
improvement.

One of the main achievements of this combined methodology is a significant
increase in flexibility and responsiveness throughout the development process.
Through the integration of Scrum, teams were able to quickly adapt to the changing
needs of learners. Iterative sprints allowed real-time adjustments to pedagogical
resources, whether by modifying content, adapting learning scenarios, or adjusting
adaptation mechanisms. This responsiveness greatly improved the relevance of
pedagogical objects and contributed to delivering a more personalized learning
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experience.

The combined methodology also placed a strong emphasis on pedagogical
quality management. Regular evaluations within Scrum and pedagogical reviews
ensured that pedagogical objects were not only functional but also effective in terms
of learning. Learner feedback was taken into account for continuous improvements.
This approach ensured that educational resources remained aligned with educational
objectives and met high pedagogical standards.

The application of the ADDIE-Scrum integration yielded significant benefits
compared to other pedagogical development approaches. Unlike linear methods, the
ADDIE-Scrum approach provides increased flexibility to adapt to changing learner
needs. Furthermore, it promotes closer multidisciplinary collaboration, enhancing the
overall quality of pedagogical objects. Compared to purely agile approaches, it
incorporates a thorough analysis phase to ensure clear definition of pedagogical
objectives.

However, the integration of ADDIE and Scrum is not without challenges. The
main difficulty lies in managing the complexity of this combined approach, requiring
careful planning to harmonize Scrum's iterative cycles with ADDIE's sequential
phases. Effective communication within the multidisciplinary team can also be
challenging to establish. Additionally, evaluating and measuring pedagogical quality
remain challenges, as they must be integrated into every phase of the process.

For a successful implementation of ADDIE-Scrum integration, it is
recommended to:

« Plan the sequence carefully: Clearly define how ADDIE phases integrate into
Scrum sprints to avoid overlap or inconsistency.

« Foster communication and collaboration: Encourage open and regular
communication within the multidisciplinary team to ensure mutual
understanding of pedagogical and technical objectives.

« Establish pedagogical quality criteria: Define specific pedagogical quality
indicators for regular evaluation of pedagogical objects and improving their
effectiveness.

* Train the staff: Ensure that team members understand both ADDIE and Scrum
principles for a harmonious implementation.

« Adopt an iterative approach: Understand that optimizing this combined approach
may require adjustments over time and be prepared to iterate and continuously
improve.

The integration of ADDIE and Scrum provides a robust framework for
developing adaptive pedagogical objects but requires careful planning, effective
communication, and proactive management of challenges. With proper
implementation and ongoing adaptation, this approach can significantly contribute
to creating more personalized and high-quality learning experiences.

CONCLUSION AND DISCUSSION
The integration of ADDIE and Scrum in the process of creating adaptive
pedagogical objects opens up exciting new possibilities for the field of intelligent
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learning and adaptive hypermedia systems. This methodological combination offers
significant advantages that have been demonstrated in various educational contexts.

At the core of this integration lies improved flexibility and adaptability.
Development teams can quickly adjust their resources to meet the changing needs of
learners, thereby ensuring a more personalized learning experience. This
responsiveness to the evolving needs of learners is essential to maintain the relevance
and effectiveness of pedagogical objects in a constantly evolving educational
landscape.

Multidisciplinary collaboration is another cornerstone of this combined
approach. Within the Scrum team, there are pedagogy experts, multimedia designers,
developers, and other professionals, all working together to create high-quality
pedagogical objects. This diversity of skills allows for a seamless integration of
pedagogical and technical aspects, ensuring that pedagogical objects are both
educational and technically robust.

Pedagogical reviews specific to pedagogical aspects play a crucial role in this
approach. They lead to continuous revision of pedagogical objects, enabling ongoing
improvements. Furthermore, learner feedback is carefully considered, contributing to
the constant improvement of pedagogical efficiency. This real-time feedback loop
promotes pedagogical development that is more focused on learners' actual needs.

Alignment with educational objectives remains a constant priority of this
integrated methodology. Despite flexibility and adaptability, educational resources
remain true to their primary goal: supporting learning. This coherence ensures that
pedagogical objectives are consistently at the center of the development process,
ensuring maximum efficiency.

Finally, the management of pedagogical quality is seamlessly integrated into the
overall development process. High standards in pedagogy are rigorously maintained,
ensuring that pedagogical objects are not only technically effective but also compliant
with the highest educational standards.

Overall, the integration of ADDIE and Scrum offers a holistic and powerful
approach to the development of adaptive pedagogical objects. It combines rigor and
flexibility, creativity and coherence, creating an environment conducive to continuous
improvement in education and learning.

As learning needs evolve and technology continues to advance, the integration
of ADDIE and Scrum paves the way for new perspectives in the creation of adaptive
pedagogical objects. Future developments could include increased automation of
certain phases, the integration of artificial intelligence for even more extensive
personalization, and the exploration of similar methodologies in other areas of
education.

Ultimately, the primary goal of this combined approach is to create more
flexible, personalized, and effective learning environments for learners while
maintaining high standards of pedagogical quality. With thoughtful implementation
and ongoing adaptation, this methodology can significantly contribute to the
improvement of education and adaptive learning in the future.
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