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ABSTRACT

This study investigated the integration of hypertext-based interactive video in
undergraduate Art and Design education in Yemen, with particular emphasis on colour
theory instruction within resource-constrained and low-bandwidth environments. It
addresses a critical gap in empirical and context-specific research concerning the
pedagogical use, learner perceptions, and conceptual development of hypertext
interactive video in higher education within developing contexts. The study was guided
by three research questions: (RQ1) What is the current state and pedagogical use of
hypertext interactive video in undergraduate Art and Design education in Yemen?
(RQ2) How do students and instructors perceive the pedagogical, aesthetic, and
technological components of hypertext interactive video in teaching colour theory in
Yemeni universities? (RQ3) How can a contextually relevant and pedagogically
grounded framework for hypertext interactive video be developed for higher education
in Yemen?An interpretive qualitative case study design was adopted, grounded in a
constructivist epistemological perspective informed by Vygotsky’s theory of social
interaction and mediated learning. Data were collected from 35 stakeholders
representing four groups: academic staff, students, technical specialists, and
policymakers. The data collection process included two focus group discussions with
Ministry of Education representatives and 15 students, alongside twenty-three in-depth
semi-structured interviews with participants from the Ministry of Communication and
Technology, industry practitioners, technical experts, and students. Data were analysed
using thematic analysis following Braun and Clarke’s framework, supported by NVivo
software to ensure systematic coding, transparency, and analytical rigour. The analysis
generated three interrelated themes: pedagogical adaptation supporting scaffolded
learning processes, aesthetic mediation enhancing visual cognition, and technological
resilience in response to infrastructural limitations in low-bandwidth environments.
Based on these findings, the study proposed a contextually grounded framework for
hypertext interactive video in Art and Design education, integrating pedagogical,
aesthetic, and technological dimensions to support accessible and adaptive learning
experiences. Overall, the study contributes to advancing digital pedagogy in resource-
constrained contexts and provides implications for educators and policymakers in
higher education.
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CHAPTER 1
INTRODUCTION

1.1 Introduction

As digital innovation continues to reshape the landscape of creative education,
a critical question arises: Can hypertext video revolutionise the teaching of visual
studies, particularly in developing regions where access to advanced educational
technologies remains limited and uneven? This study explores the untapped potential
of hypertext video as a dynamic bridge between artistic cognition and digital
advancement, grounded in the principles of Vygotsky’s socio-cultural theory. By
promoting a non-linear, interactive learning environment, hypertext video fosters
deeper, more participatory engagement with artistic materials. Adopting a qualitative
methodology that combines structured case studies with a systematic literature review,
this study examines the transformative possibilities of hypertext video within visual
education.

Hypertext video is a form of digital art that combines linear video with
hypertextual links to transcend passive viewing and foster deeper learning engagement.
Unlike traditional educational videos or basic quiz-based interactive formats, hypertext
video enables users to interact dynamically with layered content, making decisions,
branching into related concepts, and navigating knowledge in non-linear pathways. This
medium aligns closely with contemporary practices in digital art, where interactivity,
immersion, and narrative flexibility are central. In the context of art and design
education, hypertext video functions not only as an instructional tool but also as a
creative medium that promotes exploration, critical reflection, and self-directed
learning.

The findings highlight those features, such as interactive overlays, adaptive
learning pathways, and embedded assessments not only captivate students but also
catalyse a shift from passive observation to active artistic exploration, unlocking new
realms of creative expression. However, alongside its promise lies a profound
challenge: How can hypertext video flourish in educational contexts marked by fragile
infrastructure, limited internet connectivity, and pervasive digital literacy gaps? This

study addresses these pressing concerns directly, positioning hypertext video not merely



as an innovative instructional medium but as a critical catalyst for expanding access to
arts education in under-resourced environments.

By centring learners within an immersive, self-guided educational experience,
hypertext video disrupts traditional models of design education and proposes a
transformative new paradigm for teaching the visual arts in developing contexts. In
doing so, this study contributes meaningfully to the broader discourse on digital
aesthetics, multimodal pedagogy, and the evolution of arts education, championing
hypertext video as a vital instrument for bridging global disparities in visual studies

education.

1.2 Background of Study

Digital education has profoundly transformed the landscape of learning, offering
flexible, interactive experiences that extend far beyond the confines of traditional
classrooms (Bellal, 2021). As technological innovations continue to evolve,
sophisticated digital tools are further reshaping how knowledge is constructed and
delivered. Within this dynamic environment, hypertext video-based learning emerges
as a pivotal development, enhancing interactivity through non-linear navigation and
scaffolded instructional pathways addressing the inherent limitations of conventional
video lectures. However, significant challenges related to accessibility persist,
particularly within developing regions where socio-economic disparities and
technological constraints hinder educational advancement (Webb, 2018).

As digital models increasingly supplant traditional teaching practices, weak
infrastructure and unstable internet services in these areas remain critical obstacles
(Kelly, Tim and Rossotto, 2012). In the Yemeni context specifically, limited
connectivity and a lack of supportive digital policy further restrict the potential of
interactive media, making alternative solutions such as hypertext video more practical
and sustainable (Ahmed & Md Zaini, 2022).

Even cutting-edge solutions, such as virtual reality and Al-driven videos, often
falter where connectivity is unreliable. Against this backdrop, Hypertext video presents
a pragmatic and sustainable alternative, combining meaningful interactivity with
relatively modest bandwidth demands.

While the term interactive video is broadly used in digital education, it

encompasses a wide spectrum of technologies. Hypertext video, as applied in this study,



refers to a specialised form of interactive media that integrates clickable textual and
visual elements layered within the video timeline. Unlike conventional interactive
videos that may include simple branching logic or embedded quizzes, hypertext video
promotes nonlinear navigation, multi-level content access, and active exploration,
closely resembling hypermedia systems used in web design. In this context, hypertext
video can also be viewed as a contemporary form of digital art, combining linear video
with hypertextual overlays to move beyond passive viewing and enhance learner
engagement.

This study is based on Vygotsky’s socio-cultural theory, which asserts that
learning transpires via social contact and directed assistance, particularly within a
student's Zone of Proximal Development. Within this theoretical lens, hypertext video
functions as both a digital tool and a scaffolding mechanism. In parallel, the concept of
digital education in this study refers to creative, flexible learning environments
enhanced by technology and no longer confined to traditional classroom structures,
making it especially relevant in under-resourced contexts like Yemen.

To further clarify the conceptual distinction between hypertext video and other
educational media, this study presents a hierarchical classification of video within
digital art. Figure 1.1, illustrates the distinction between interactive and linear video
formats and was developed by the researcher (2025). It further highlights subcategories
such as hyperlink videos, animation, and Al-based videos under the umbrella of
interactive media. The schematic also clarifies that interactive videos function through
input and feedback mechanisms, while linear videos are restricted to one-directional

output.

Hyperlink video
— Interactive video -y P

] — Animation
— Video —

— "AI" video

E-book
Educational Digital _|_
Media

— Photo .
Lecture Recording
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YouTube-style

.etc |

Figure 1.1 Classification of Digital Art Media: Linear and Interactive Video Types



In the realm of Yemeni higher education, particularly within state institutions,
the use of organised digital technologies in art and design curricula is still constrained.
Teaching methods are still predominantly traditional, and access to interactive resources
is scarce. According to Tuparov et al (2015) The preparedness of students for online
education in Yemen is deficient due to insufficient infrastructure, restricted internet
access, and a lack of institutional support. Given these constraints, hypertext video
emerges as a viable alternative. Its layered, low-bandwidth design supports visual
learning and enables flexible navigation, making it especially suitable for resource-
limited settings and creative disciplines such as colour theory.

In addition to these structural limitations, recent empirical studies confirm the
severity of digital access challenges in Yemen. Despite growing interest in e-learning
globally, Yemeni universities continue to struggle with basic digital education
infrastructure. Ahmed & Zaini (2022) state that “E-learning depends on a strong and
fast internet, but Yemen suffers from few and slow internet lines” and that “it is facing
many problems and obstacles”. Furthermore, recent reports highlight that families often
spend over 30 % of their income on internet costs, severely limiting access to digital
learning (Azcoiti, 2024). These findings emphasise the urgent need for low-bandwidth,
affordable, and scalable educational interventions like hypertext video-based learning.

The study focuses on applying Hypertext video in the instruction of colour
theory within graphic design education. Colour theory, a cornerstone of visual
communication, requires both conceptual understanding and practical application. This
makes it ideal for exploring the pedagogical value of hypertext video-based learning.
Furthermore, the outcomes of this study may extend to related disciplines that also rely
heavily on visual literacy, such as typography and composition.

Given its inherently visual nature, colour theory benefits from interactive
engagement that promotes active learning; Hypertext video structures allow learners to
investigate complex colour interactions dynamically, while simultaneously offering
solutions to the digital divide faced by underserved regions. Grounded in Vygotsky’s
Zone of Proximal Development, this study examines the ways in which interactivity
and visual aesthetics influence student engagement, understanding, and educational
accessibility. Notably, the design specifications for educational interactive video
components are insufficiently articulated in the current literature (Zhang et al., 2022).

Through the integration of key theoretical and practical domains, including

Interactive Video (Hypertext), Digital Aesthetics, Visual Cognition, Arts Pedagogy,



and the challenges faced by Developing Countries, this study proposes a holistic
framework that connects academic theory with real-world educational needs.

To address these pressing gaps, this study examines the advancement of digital
education through hypertext video-based interactive learning methodologies. Despite
the continued expansion of online education, the aesthetic dimensions of interactive
video remain understudied (Lee et al., 2025). By focusing on optimising the design
elements of interactive videos, particularly in relation to teaching colour theory, this
study seeks to enhance both the educational experience and accessibility for
marginalised learners.

Employing a qualitative study approach that includes interviews and thematic
analysis, the study aims to evaluate the aesthetic benefits of e-learning and offer targeted
improvements to interactive video design. Ultimately, this work aspires to empower
learners in underserved communities by providing them with access to high-quality
Hypertext video interactive educational resources. In doing so, the findings aid in the
development of inclusive, engaging, and context-sensitive digital education strategies

for students operating within resource-constrained environments.

The interactive video model referenced in this study, as shown in Figure 1.2,
which is a screenshot captured by the researcher, showcases three principal elements:
(1) a linear video presentation, (2) a visual timeline toolbar displaying frames over the
course of the video, and (3) a navigation system utilising multiple-choice questions
paired with instructional guidance. These integrated features promote dynamic student
interaction with the content, encouraging active engagement rather than passive

consumption.



MULTIPLE-CHOICE QUESTION
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Figure 1.2 Example of an Interactive Hypertext Video Interface with a Toolbar and
Multiple-Choice Question

Platforms for interactive video learning, such as the example presented in Figure
1.2, create structured opportunities for learner engagement. The illustrated interface
example was documented by the researcher (2025) to demonstrate the integration of
interactive toolbars and embedded assessment mechanisms within hypertext video
environments. By embedding assessment activities within the video content itself, these
systems promote active learning and guide students along personalised, adaptive
learning pathways. This instructional strategy is consistent with Hypertext video
educational models, fostering deeper cognitive engagement and active participation

within digital learning environments.

1.3 Research Problems

The research problem was identified through a critical synthesis of the literature
presented in Chapter Two, which revealed interconnected conceptual, contextual, and
pedagogical gaps in the field of digital learning and hypertext interactive video in higher

education:



1.3.1 Unclear Digital Education Situation in Hypertext Interactive Videos for
Learning.

Although Interactive video has increasingly been incorporated into digital
education, its pedagogical structure, learning design, and instructional role remain
insufficiently defined. Existing studies indicate a lack of consensus on how hypertext
structures function within learning environments. Magsalin (2022) and Mukherjee
(2018) note that while interactivity is widely emphasised in multimedia learning, its
pedagogical interpretation remains fragmented. Similarly, Zhang et al.(2022) observe
that current implementations are largely limited to linear, quiz-based video formats,
which do not fully support adaptive, exploratory, or scaffolded learning experiences.
Recent studies continue to report that many interactive educational video systems
remain interaction-light and pedagogically linear, limiting learner autonomy, cognitive
engagement, and exploratory learning experiences (Beege & Ploetzner, 2025; Deng et
al., 2025).

From a theoretical perspective, scholars such as Adolph (2016) and Bulle (2021)
relate educational video to Vygotsky’s sociocultural theory, particularly its potential to
support learning within the Zone of Proximal Development (ZPD). However, these
contributions remain largely conceptual, with limited empirical validation in discipline-
specific contexts such as Art and Design education. Moreover, Webb (2018) and Kamil
et al. (2020) Highlight that this limitation becomes more critical in resource-constrained
environments such as Yemen, where access to structured digital learning tools is still
developing. Despite growing interest, there remains a lack of empirically grounded
understanding of how hypertext interactive video operates as a pedagogical tool in such

contexts.

1.3.2 Challenges of Accessing Digital Education in Yemeni Universities: a case
study in a developing country.

Internet penetration in Yemen is estimated at approximately 24%, according to
the International Telecommunication Union (ITU, 2023), internet penetration in Yemen

is approximately 24%, substantially below the global average.



This limited connectivity, combined with electricity instability and insufficient
institutional infrastructure, has hindered the effective adoption of e-learning systems in
higher education institutions (Muthanna & Karaman, 2011; AlMunifi & Aleryani,
2021). Furthermore, many universities remain in the early stages of digital
transformation, with limited or underdeveloped Learning Management Systems (LMS)
(Al-Hattami, 2025). Many universities remain in the early stages of digital
transformation, particularly in developing countries where institutional, technological,
and financial barriers continue to constrain the effective integration of digital learning
systems (Omar & Abdullahi, 2024).

Additional studies highlight broader structural challenges, including chronic
underinvestment in educational technology, gender-based access restrictions in certain
regions, and low levels of digital literacy among both educators and students, Alshoibi
(2019) Although mobile-based and low-bandwidth solutions have been recommended
as viable alternatives (Ruiz & Gallagher, 2025; Sam, 2017). There is still a lack of
empirically tested, context-specific educational models that address these constraints

effectively.

1.3.3 The Absence of a Guiding Framework for Developing and Applying
Hypertext Interactive Videos in Education.

Despite increasing interest in digital and interactive learning tools, there remains
a lack of structured pedagogical frameworks guiding the design and implementation of
hypertext interactive video in education. Existing literature tends to focus on basic
interactive formats such as embedded quizzes or annotations, rather than nonlinear,
layered hypertext systems that support deeper cognitive engagement (Palaigeorgiou et
al., 2019; Wei et al., 2022). Ruiz & Gallagher (2025) argue that the absence of clear
instructional design frameworks results in inconsistent application and limited
pedagogical impact. This challenge is particularly evident in developing contexts such
as Yemen, where instructional innovation must align with technological constraints and
contextual realities. Sauli et al.(2018) further emphasise the need for standardised and
theory-informed design models to ensure quality, inclusivity, and educational
effectiveness in interactive video systems. However, current research lacks an
integrated framework that combines pedagogical theory, user experience design, and

contextual constraints into a unified model for hypertext-based learning.



Summary of Research Gap

Overall, the literature reveals three interconnected gaps: (1) conceptual
ambiguity regarding the pedagogical function of hypertext interactive video, (2)
significant structural and infrastructural barriers to digital education access in Yemen,
and (3) the absence of a systematic framework for designing and implementing
hypertext video-based learning in higher education. These gaps highlight the need for a
contextually grounded and empirically informed approach to interactive video
pedagogy in resource-constrained educational environments. Therefore, this study
seeks to develop a pedagogically informed and locally adaptive framework for

hypertext interactive video in Art and Design education in Yemen.

1.4 Objectives

This study aims to investigate the integration of Hypertext video within digital
education in Art and Design, with a specific focus on colour theory instruction in
Yemen. The following objectives are formulated to directly address the identified

research problems and gaps in the literature.

a) To examine the current state and pedagogical use of hypertext interactive
video in digital education, particularly within undergraduate Art and Design
programs in Yemen.

b) To analyse the pedagogical, aesthetic, and technological components of
hypertext interactive video in teaching colour theory, based on the experiences
and perceptions of students and instructors in Yemeni universities.

¢) To develop and propose a contextually relevant and pedagogically grounded
framework for the design and implementation of hypertext interactive video in
higher education, addressing the constraints of resource-limited in the context
of Yemen.

These objectives provide the foundation for the formulation of the research

questions and guide the overall research design.

1.5 Research Questions

To ensure alignment with the research objectives, the research questions were

formulated to reflect the conceptual, empirical, and framework-related dimensions of



the study. These questions directly correspond to Vygotsky’s socio-cultural theory
(1978), as interpreted by Daniels (2008), particularly in relation to the mediating role
of cultural and technological tools in learning processes.

The formulation of the research questions was directly informed by the gaps
identified in the literature review. Each question was designed to address a specific
dimension of the problem: conceptual ambiguity, contextual challenges, and the
absence of a guiding framework. The questions were aligned with the research
objectives to ensure methodological consistency across all components of the study.

Table 1.1 presents the research questions alongside their corresponding research

objectives.

Table 1.1

Research Questions and Research Objectives

Problem Statements

Objectives

Research Questions

1. Conceptual
ambiguity of
hypertext interactive
video in education

2. Implementation and
experiential
challenges in teaching
colour theory

3. Lack of a guiding
framework for
hypertext video
design

RO1: To examine the current
state and pedagogical use of
hypertext interactive video in Art
and Design education in Yemen

RO2: To analyse the
pedagogical, aesthetic, and
technological components of
hypertext interactive video in
teaching colour theory

RO3: To develop and propose a
contextually relevant and
pedagogically grounded
framework for the design and
implementation of hypertext
interactive video in higher
education, addressing the
constraints of resource-limited in
the context of Yemen.

RQ1: What is the current state
and pedagogical use of
hypertext interactive video in
undergraduate Art and Design
education in Yemen?

RQ2: How do students and
instructors perceive the
pedagogical, aesthetic, and
technological components of
hypertext interactive video in
teaching colour theory in
Yemeni universities?

RQ3: How can a contextually
relevant and pedagogically
grounded framework for
hypertext interactive video be
developed and proposed for
higher education in Yemen?
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The research questions are conceptually aligned with Vygotsky’s socio-cultural
theory, particularly the mediating role of tools and artefacts in shaping learning

processes and knowledge construction.

1.6 Scope of the Study

This study is specifically focused on the integration of hypertext interactive
video in undergraduate Art and Design education in Yemen, with a particular emphasis
on the teaching and learning of colour theory as a representative subject within design-
based disciplines.

The scope of the study is conceptually bounded by three key dimensions:
pedagogical processes, aesthetic representation, and technological implementation,
which are examined strictly within the context of hypertext interactive video as a
learning medium. These dimensions are not treated as separate independent variables
but are analysed as interrelated components within the learning experience of colour
theory education.

The study is limited to undergraduate students and instructors from selected
public and private universities in Yemen. It excludes postgraduate education and all
disciplines outside Art and Design. Furthermore, it does not evaluate or compare
alternative digital learning technologies such as virtual reality, augmented reality, or
gamified learning systems.

Technologically, the study is restricted to hypertext interactive video as the sole
instructional medium under investigation, without assessing its comparative
effectiveness against other platforms or tools.

Geographically, the research is confined to the Yemeni higher education
context, particularly institutions operating within resource-constrained environments

characterised by limited internet access and digital infrastructure.

1.7  Significance

This study aims to identify effective approaches for designing Hypertext video
learning in undergraduate Art and Design education in Yemen, with a specific focus on
colour theory instruction. It investigates how such an approach can enhance pedagogical
effectiveness, visual engagement, and accessibility within resource-constrained higher

education environments.
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The significance of this study lies in its contribution to addressing both
pedagogical and infrastructural challenges in Yemeni higher education. In particular, it
responds to the limited access to digital learning resources caused by low internet
penetration, inadequate institutional infrastructure, and restricted technological
readiness in universities.

Furthermore, the study provides a context-sensitive solution for improving
learning accessibility among undergraduate students in Art and Design disciplines.
While its primary focus is Yemen, the findings may offer insights relevant to other
developing contexts facing similar educational and technological constraints.

The study also contributes to bridging the gap between instructional design and
visual pedagogy by proposing structured approaches for integrating hypertext
interactive video into colour theory instruction. Ultimately, it aims to support the
development of more inclusive, engaging, and adaptable digital learning environments

in higher education.

1.8 Definition of Key Terms

1.8.1 Hypertext Interactive Video

A form of digital learning media that integrates non-linear navigation, allowing
learners to interact with embedded links, layers, and pathways within video content to

construct personalised learning experiences.

1.8.2 Digital Education

The use of digital technologies and platforms to facilitate teaching and learning

processes, particularly through online or technology-mediated environments.

1.8.3 Colour Theory

A fundamental area in Art and Design education that explores the principles of

colour relationships, harmony, contrast, and visual perception in creative practice.
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1.8.4 HyperLearnX

A conceptual adaptive hypertext video system developed by the researcher,
designed to optimise video-based learning for low-bandwidth environments through

structured compression and interactive design principles.

1.8.5 Learning Management System (LMS)

A digital platform used by educational institutions to manage, deliver, and

monitor learning content and student engagement.

1.9 Theoretical Framework

This study is grounded in Vygotsky’s socio-cultural theory (1978), as
interpreted by Daniels (2008), which emphasises the role of social interaction and
cultural tools in cognitive development. Central to this theory is the concept of the Zone
of Proximal Development (ZPD), which describes the gap between what learners can
achieve independently and what they can achieve with guidance.

In this study, hypertext interactive video is conceptualised as a mediating
learning artefact that supports learners within their ZPD by providing guided, non-
linear, and interactive learning pathways. This allows learners to construct knowledge
actively rather than passively receiving information.

The integration of hypertext video within Art and Design education aligns with
Vygotsky’s view that learning is socially and culturally situated. The interactive
structure of hypertext video facilitates scaffolding, exploration, and cognitive
engagement, particularly in visually oriented subjects such as colour theory.

Therefore, Vygotsky’s framework provides the theoretical foundation for
analysing how hypertext interactive video can function as an effective pedagogical tool

in resource-constrained educational environments such as Yemen.

1.10 Research Limitations

This study acknowledges several limitations that define the scope of its findings.
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1.10.1 Technological Limitations

The HyperLearnX model proposed in this study was not developed as a fully
functional or finalised system. Instead, the research focused on conceptual design,
including flowcharts, system architecture, and illustrative hypertext video examples
presented during interviews to facilitate participants’ understanding of the proposed
approach. The demonstrative hypertext video used in this study was not optimised for
low-bandwidth conditions and does not represent the intended technical performance of
HyperLearnX. As a result, the study does not empirically evaluate system efficiency,
bandwidth optimisation, or real-time technical performance in low-resource

environments.

1.10.2 Subject-Related Limitations

The study was confined to the teaching of colour theory within Art and Design
programmes. This deliberate narrowing of the subject scope enabled focused
exploration of visual learning processes but limits the direct transferability of the
findings to other subject areas or disciplines with different pedagogical and cognitive

requirements.

1.10.3 Design and Scope Limitations

This research concentrated exclusively on hypertext video as the instructional
medium used to communicate the HyperLearnX concept. Although other emerging
educational technologies, such as augmented reality, virtual reality, and gamified
learning platforms, were discussed at the conceptual and literature levels, they were not
implemented or empirically tested. Furthermore, participant feedback was based on
conceptual demonstrations rather than sustained interaction with a fully deployed
system, which may influence perceptions of usability and effectiveness.

These limitations should be considered when interpreting the findings and
underscore the need for future research to implement, test, and evaluate HyperLearnX

as a complete system across diverse technological and educational contexts.
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1.11 Conclusion

This chapter has established the foundation of the study by outlining the research
problem, objectives, and questions, all of which are grounded in Vygotsky’s socio-
cultural theory. It has highlighted the key challenges in digital education within Yemen,
particularly in relation to limited infrastructure, low internet accessibility, and the lack
of structured digital learning frameworks in higher education.

The chapter has also justified the need for investigating hypertext interactive
video as a pedagogical tool within Art and Design education, with a specific focus on
colour theory instruction. In doing so, it has identified critical gaps in existing literature
related to conceptual clarity, contextual challenges, and the absence of a structured
implementation framework.

The following chapter will present a detailed review of the relevant literature on
interactive video, hypertext learning systems, and their application in educational

contexts, particularly within Art and Design education.
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CHAPTER 2
LITERATURE REVIEW

2.1 Introduction

This chapter offers a critical review of current research on the use of interactive
video in digital art education, providing a thorough examination of its foundational
theories, historical evolution, and prospective directions for advancement.

It critically examines the role of interactive video as an educational tool, which
has been widely recognised for enhancing learning outcomes, particularly within Art
and Design education in low-resource contexts such as Yemen, with particular attention
to its application in economically disadvantaged regions. The review highlights
essential interactive design elements such as overlays, segmented video chapters,
clickable hotspots, and embedded quizzes as key features for enhancing digital learning
experiences. Additionally, it underscores the significance of these strategies within the
context of developing countries and highlights the methodological approaches
employed in the existing literature for designing and implementing interactive video
technologies.

To understand the pedagogical value of interactive video, it is essential to
examine its conceptual evolution and technical foundations. This sets the foundation
for understanding how interactive video, particularly in its hypertext form, can

transform pedagogical practices in resource-constrained environments.

2.2 Definition and Evolution of Interactive Video

This section presents a comprehensive review of how interactive video has
evolved within the context of digital education, highlighting key study trends,
technological gaps, and the emergence of hypertext video as a potential solution.

Interactive video has evolved from a passive content delivery medium into an
interactive learning environment that enables user control, feedback, and non-linear
navigation. However, despite its recognised pedagogical potential, its structured
application in educational contexts remains limited and insufficiently theorised. By
enabling features such as clickable elements, branching pathways, and interactive

feedback, it redefines traditional video into a personalized and immersive learning
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experience (Bai et al., 2024) An advanced form of interactive video is hypervideo,
which integrates hyperlinks within visual content to enable non-linear navigation,
deliver contextually relevant insights, and connect viewers to external resources,
thereby facilitating multi-layered interpretation and deeper knowledge construction
(Sauli et al., 2018). To fully grasp how interactive video arrived at its current state, it is

important to examine its historical development and scholarly progression.

2.2.1 Historical Evolution of Interactive Video

This section outlines the historical and scholarly development of interactive
video in digital education, emphasising gaps in design knowledge and the emerging
need for pedagogical frameworks.

Although Sauli et al. (2018) emphasised that numerous scholars have
highlighted the urgent need for comprehensive reforms and enhancements in the field.
They further observed that only a limited number of studies have addressed interactive
video from a technical perspective. As a result, detailed knowledge regarding the design
of interactive videos remains scarce, underscoring the necessity for further study to
advance understanding in this area.

Interactive video has been widely acknowledged for its potential to enhance
educational experiences; however, its application within teaching and study settings
remains relatively limited (Poquet et al., 2018). This limited application reflects broader
gaps in both theoretical and technical understanding, as highlighted by Poquet et al
(2018).

The existing literature on interactive video design in education identifies several
critical areas that warrant further research. Sauli et al. (2018) stressed the importance of
focusing on key aspects such as selecting or producing effective videos, embedding
interactivity, and integrating these materials into instructional frameworks. This
prompts an important question regarding how hypertext structures within interactive
videos can be optimised to enhance learning outcomes. A critical extension of this
argument is that discussion, Palaigeorgiou et al. (2019) and Zhang et al. (2022) observed
that limited research has explored the educational effectiveness of different interactive
video designs. They emphasised the necessity for further research to uncover the
multifaceted instructional potential of interactive video, noting that the limited number

of studies in this field, particularly within digital art education, continues to fuel
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uncertainty about the role and impact of hypertext interactive videos in advancing
digital education.

This gap highlights the lack of clarity regarding how hypertext video is currently
used pedagogically, which directly supports the need to investigate Research Question
one. Building on this, other scholars have explored platform-related challenges in more
depth. Wei et al (2022) contributed to this discourse by advocating for further research
into both video content and platform design. They emphasised the critical need to
understand how the quality of content and the structure of platforms influence the
educational effectiveness of interactive videos. In light of the challenges faced by
Yemeni universities in adopting hypertext interactive videos, gaining deeper insights
into platform usability, content integration, and the interactive functionalities is crucial
for effective implementation. While the preceding section examined the overall
development of interactive video, the following explores its specific application within
under-resourced educational settings. This contextual shift is particularly critical in
understanding how educational innovation can be localised, as seen in the case of
Yemen.

Despite the technological and conceptual advancements discussed above, the
pedagogical application of hypertext video remains insufficiently defined, and the
pedagogical role and structured application of hypertext interactive video remain
unclear. This gap directly informs Research Question 1, which seeks to examine the

current state and pedagogical use of hypertext video in Art and Design education.

2.2.2 Application in Developing Contexts

This section examines the challenges and contextual limitations facing the
implementation of interactive video in developing countries, with a particular focus on
Yemen.

Although Zakham et al (2020) stressed the importance of the global community
collaborating to develop sustainable solutions for Yemen’s ongoing educational
challenges. In a related discussion, Nchofoung and Asongu (2022) examined how
alternative learning methods, particularly through interactive video, can foster
consistent productivity improvements across various income groups and regions.
However, despite the growing global attention to digital education, the integration of

hypertext interactive videos into learning environments remains limited and poorly
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understood, especially within developing contexts such as Yemen. These broader
developmental concerns are echoed in localised studies on Yemen’s educational
context.

In contrast to Mufhanna & Karaman (2011) argued that education policymakers
in Yemen have largely neglected the improvement of educational software and the
effective implementation of the instructional methods they have proposed. In a similar
vein, Webb (2018), A scholar with a particular focus on education in Yemen contended
that the development of the country’s education system must be carried out in a manner
that respects and aligns with local customs and traditions. Nevertheless, significant
challenges remain in integrating hypertext interactive videos into Yemeni universities,
largely due to the absence of structured digital learning policies and inadequate
technological infrastructure. Addressing these challenges is critical for formulating
strategies that facilitate the successful adoption of interactive video-based education.

Conversely Webb (2018) further noted that in Yemeni society, universities are
often perceived as more essential for men than for women, leading to greater
employment opportunities for men, particularly when resources are scarce. This
situation underscores the urgent need for accessible, interactive, and adaptable
educational strategies, such as hypertext interactive videos that can offer flexible, home-
based learning opportunities and contribute to narrowing the gender gap in education.
These cultural and institutional dynamics not only influence access but also shape the
design considerations for deploying hypertext video tools effectively.

Such institutional and socio-cultural challenges call for innovative and inclusive
learning models. Educational institutions, particularly universities in Yemen, urgently
require alternative solutions to support home-based education, especially for female
students. Saba and David (2020) emphasised that national development strategies
should be tailored to the unique needs and contextual conditions of each country. In a
related context, AIMunifi and Aleryani (2021) highlighted the importance of addressing
educational challenges in Yemen, advocating for greater attention to technical factors
that can enhance performance and encourage student engagement with online learning
platforms. Nevertheless, despite these calls for customised digital education initiatives,
the absence of a clear and systematic framework for designing and implementing
hypertext interactive videos continues to hinder their effective integration into
educational practices. Beyond technological infrastructure and implementation

challenges, the role of hypertext video in creative education warrants special attention.
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In order to overcome these challenges, it is crucial to investigate the technological
dimensions of interactive video, which the next section explores in detail.

These contextual and infrastructural challenges highlight the need to understand
how hypertext interactive video can function within constrained environments, which

directly supports Research Question two.

2.2.3 Hypertext Video in Arts and Design

Building on the technological and contextual foundations discussed earlier, this
section explores the unique intersection between hypertext video and art and design
education, highlighting its pedagogical and aesthetic significance.

Yadav and Williamson (2024) emphasised the ongoing need for research into
the role of arts activities in promoting well-being, particularly within conflict-affected
areas and disadvantaged communities. They suggested that interactive video presents a
valuable tool for advancing arts education by offering structured, engaging, and
accessible learning experiences. In particular, Hypertext video formats enable learners
to navigate and explore content in dynamic and meaningful ways.

Further, researchers have examined how interactive aesthetics influence deeper
cognitive engagement in visual design education. Expanding on this perspective, Jie et
al. (2024) Recommended that future studies explore how employing ethnographic
approaches and interactive aesthetics can enhance artistic thinking in multimedia
design, encompassing different types of interactive video. Likewise, Kolyvas et al.
(2024) emphasised the importance of further examining the digital information needs
of visual art educators, viewing this inquiry as a vital step toward the meaningful
integration of technology into art education practices.

This is supported by other studies that have focused on how digital tools
facilitate broader artistic participation and interpretation. In a related context, Rushton
and Callow (2018). In their study on the intersection of arts and literacy through mobile
learning, they identified various tools that promote reading and participation in the arts.
However, Wu et al. (2025) highlighted a limitation in their study, which concentrated
on the semantic relationship between text and imagery, overlooking factors such as
shape and Colour. These elements, they suggested, may significantly influence the
creative process and the visual outcome of artistic work, and should be addressed in

future studies to better understand the complexity and diversity of artistic creation.
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While several studies have made valuable contributions. Despite growing literature,
several critical areas remain underexplored, particularly regarding the educational
effectiveness of hypertext video in real-world contexts.

These technical limitations directly relate to Research Question Two, which
explores how technological constraints influence the usability and perception of

hypertext video in Yemeni universities.

2.2.4 Research Gaps and Future Needs

While several studies have explored interactive video in general, significant
research gaps remain in the context of hypertext video design, implementation, and
pedagogical effectiveness, especially in resource-constrained environments. This lack
of targeted investigation is evident in both technological design and pedagogical
application.

In efforts to enhance the effectiveness of interactive video technologies, Tang et
al. (2021) noted that integrating video hashing invariant moments could substantially
improve platform usability. Furthermore, Zhang et al. (2022) emphasised the need for
additional study into the influence of peer feedback within interactive video
environments, highlighting interactivity as a pivotal element in determining educational
outcomes. Together, these findings underscore the crucial role of Hypertext video
engagement features, which empower learners to navigate, explore, and interact with
educational content in a more meaningful and dynamic way.

Besides technical concerns, learner-centred interaction has emerged as another
underdeveloped area. In addition to platform-level challenges, learner engagement
remains underexplored. Nevertheless, Palaigeorgiou et al. (2019) pointed out that most
existing solutions predominantly assist teachers in creating annotations, while few
studies address how students themselves can be empowered to engage meaningfully
with interactive videos. This reveals a notable gap in both technical and pedagogical
frameworks, emphasising the need for strategies that actively promote student
engagement within hypertext interactive video learning environments. Taken together,
these findings indicate a fragmented understanding of hypertext video integration in
digital pedagogy.

Collectively, these limitations reveal a fragmented and insufficiently developed

understanding of hypertext video integration in education. More importantly, they
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highlight the absence of empirically grounded, context-sensitive frameworks capable of
addressing both pedagogical and technological constraints in low-resource
environments such as Yemen, for systematic study directions. These ongoing gaps
collectively signal an urgent need. In summary, existing literature underscores the need
for a comprehensive study that goes beyond the design and content of interactive videos
to include their technical aspects, all to enhance educational quality. Considering the
current ambiguity surrounding the integration of hypertext interactive videos in digital
education, along with the challenges encountered in their implementation within
Yemeni universities and the lack of a clear guiding framework, there is a pressing need
for further investigation. Given the fragmented understanding and infrastructural
limitations, such a study is essential for developing structured, scalable, and effective
approaches to incorporating hypertext interactive video-based learning into educational
systems.

The absence of a structured and contextually grounded framework leads to the
formulation of Research Question 3, which focuses on developing a pedagogically

informed model.

2.3  Technological Dimensions of Interactive Video

This section examines the technical factors influencing the implementation of
interactive video, including video quality, compression techniques, bandwidth
requirements, and infrastructure limitations in developing countries.

Even though Chiang et al. (2019) advocated for additional study into video
compression techniques, particularly focusing on how file size affects the learning
experience. This issue is especially critical in developing contexts such as Yemen,
where limited internet infrastructure may significantly impede the effective use of
hypertext interactive videos in education.

Video quality plays a critical role in shaping the effectiveness of interactive
learning experiences. Factors such as sampling rate, frame quality, and compression
directly influence user engagement, particularly in low-bandwidth environments where
disruptions such as lag and frame loss can significantly hinder learning continuity,
which directly impacts image quality. This is a significant factor contributing to optical
disruptions like time freeze and missed frames. Additionally, the quality of the frames

within the video itself can affect the overall image, introducing issues such as noise,
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blurring, blocking, and ringing. (Murat Tekalp, 2015). One of the core factors
influencing video performance is broadband speed.

Broadband Speed: defined by Kelly, Tim, and Rossotto (2012), refers to the
amount of data transmitted over a network within a specific time frame, usually
measured per second. It is often referred to as the data transfer rate or bandwidth
capacity. This rate is crucial for determining the performance of end-user services, as
well as for supporting advanced content and applications across the internet. In general
terms, broadband speed functions as the essential driver for internet performance and
capabilities (Kelly, Tim and Rossotto, 2012).

The digital divide is now increasingly defined by the quality of internet
connectivity rather than just its availability, as slower speeds can hinder economic
development. In developing countries, the extensive adoption of mobile phones
indicates that mobile broadband is likely to play a pivotal role in promoting growth. As
more complex applications emerge, broadband standards will need to evolve, with a
shift from simply focusing on speed to also considering functionality, particularly in
some regions. However, the full economic potential of broadband will remain
constrained until there is alignment between supply, demand, and absorptive capacity
(Kelly, Tim and Rossotto, 2012). Beyond compression and bandwidth, technical video
parameters also matter. Additionally, there are other important factors to consider, such
as frames per second, since each video second comprises 30 full images, or frames
(Strauss, 2000), and the platform, which refers to the medium through which internet
"video service providers" and television companies present their videos (Cha, 2013),
among others.

Low internet speeds and poor network quality pose major challenges to the
effective integration of interactive video in educational settings, especially in
developing nations such as Yemen. According to reports from Yemen’s Ministry of
Telecommunication and Information Technology, national internet speeds typically
range between 2 and 10 Mbps, a rate inadequate for supporting seamless interactive
video streaming. In comparison, Malaysia’s national telecommunications provider,
Telekom Malaysia (TM), delivers internet speeds ranging from 30 Mbps to 800 Mbps,
illustrating a stark contrast in digital infrastructure capabilities (Official Portal Ministry

of Communications, 2025; Republic of Yemen, n.d.).
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This disparity in infrastructure significantly impedes the adoption of interactive
videos in educational settings, highlighting the critical need for enhanced internet

services to improve learning experiences and outcomes in developing regions.

24 Hypertext Video in Art Education

This section examines the significance and implementation of hypertext video
within visual and art education, emphasising how interactive design supports creative
expression and visual learning through the example of colour theory.

In understanding the broader educational applications of hypertext video, it is
also important to consider its relevance in times of disruption or crisis. The intersection
of digital technologies and crises calls for further empirical investigation into how
individuals engage with and respond to various crisis-related technological innovations.
Watson (2025) contended that additional study on innovation and user behaviour is
essential to uncover how sociotechnical imaginaries prioritise particular groups as
urgent and how emerging technological frameworks incorporate shared subjective
experiences into their development.

This viewpoint aligns with Mack (2024), who advocated for future research
focused on aesthetic inquiry within virtual studio education. Mack suggested that future
studies should consider the aesthetic dimensions of online studio practices to better
understand their impact and potential.

To further exemplify the pedagogical potential of hypertext video in visual
disciplines, this study focuses on colour theory as a representative case. This forms a

basis for applying hypertext video in a practical, visual subject such as colour theory.

2.4.1 Justification for Using Colour Theory as the Learning Focus

Colour theory, with its inherently visual and interactive qualities, represents an
ideal subject for evaluating the educational potential of hypertext video.

Colour theory, with its inherently visual and interactive nature, provides an ideal
context for evaluating the pedagogical potential of hypertext video, particularly in
supporting visual cognition and interactive learning.

It is adopted in this study as a representative case to investigate pedagogical

affordances, particularly those related to interactivity, learner engagement, and visual
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cognition. This choice aligns with both student needs and the methodological
requirements of testing Hypertext video learning models in art and design education.
As a foundational subject in graphic design and visual communication, colour theory
requires both conceptual understanding and hands-on application. Unlike theoretical or
text-heavy subjects, it demands dynamic visual engagement such as manipulating hues,
contrasts, and spatial relationships, which aligns naturally with the capabilities of
hypertext video for non-linear exploration and interactive experimentation. Prior
studies(Cattaneo et al., 2019; Zhang et al., 2022) recommend that interactive visual
tools significantly enhance learner comprehension, especially in disciplines where
visual cognition is central. Therefore, by focusing on colour theory, this study seeks to
evaluate the impact of hypertext video on strengthening both conceptual understanding
and creative production in digital art and design education.

This subject offers unique affordances for evaluating visual, interactive
pedagogies in a discipline-specific context. Together, these findings highlight the
potential of hypertext video to bridge aesthetic, cognitive, and pedagogical needs in

creative education.

However, realising this potential requires addressing the broader technological
and contextual limitations, particularly those encountered in under-resourced regions

like Yemen, as discussed in earlier sections.

2.4.2 Challenges in Digital Education in Developing Contexts

This section explores the infrastructural, socio-economic, and technological
challenges facing the integration of hypertext interactive video in developing countries,
with a specific focus on Yemen. These barriers hinder equitable access to digital
learning and should be tackled to fully harness the potential of educational technology.
Yemen serves as a representative case of the infrastructural and policy-based obstacles

common in low-resource environments.

2.4.3 Limitations of Interactive Video Education

While interactive video education offers considerable potential, several critical

challenges continue to limit its effectiveness. Accessibility remains a primary concern,
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especially in developing regions where socio-economic and technological barriers
restrict educational access (Webb, 2018). Fragile infrastructure further exacerbates
these challenges, complicating the adoption of digital learning solutions (Kelly, Tim
and Rossotto, 2012). In Yemen, the lack of structured digital education policies and
insufficient digital tools hinders the development and implementation of interactive
video-based learning. Moreover, technical shortcomings negatively influence student
engagement and willingness to participate (AlMunifi & Aleryani, 2021).

Wei et al. (2022) Highlight the need for additional research on platform usability
and content quality to enhance the effectiveness and long-term viability of interactive
video-based education.

These challenges are further exacerbated by significant limitations in broadband
infrastructure, particularly in the Yemeni context. To better understand the broader
landscape of digital inequity in education, a number of comparative studies have
examined structural barriers in various developing nations. Table 2.1 Presents a
comparative analysis of selected studies on digital education barriers, outlining critical
issues such as access inequality and gaps in digital literacy, while detailing the study
objectives, methodologies, and identified limitations of each research. This structured
overview provides insight into the evolving landscape of digital education and
interactive learning, offering a synthesised comparison of how various studies have

approached these complex issues.
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Table 2.1

Comparative Analysis of Studies on Digital and Interactive Learning: Issues Related to Digital Education in Academic Literature

Source Problems &Issues Objective Method & Theory Limitations
(Lynn et Digital divide The document examines digital Human capital theory Access inequality
1., 2022 . . ion’ 1 fi itabl . . .
al., 2022) Access inequality education’s role, bene 1ts,. equltap ¢ Socio-cultural theory Digital divide
access, challenges, and the integration
Digital literacy gaps of advanced technologies for improved 21%-century skills framework Measurement challenges
Outcome uncertainty outcomes. Teacher preparedness
Institutional challenges Outcome uncertainty
(Gen¢ et The study investigates whether structured The objective is to assess whether Method: randomized controlled Limited disaster type
al.,, 2025)  digital-based education improves students’ structured Digital education can trial intervention coverage, low  perceived
unde%standlng and preparedness in digital art enhance students’ disaster knowledge Theory: Health Belief Model severity reliability, fmd oTlly
practices. and preparedness. o one earthquake simulation
Application
conducted.
(Ruiz & Digital lagging The problems are digital lagging in Method: a desk-based, post- Limitations include a single
Gallagher, . . . rural Colombian education: insufficient structured  policy  analysis policy  document  focus,
Educational inequity . .. . . . .
2025) technology, limited connectivity, poor usingBacchi’s WPR heuristicand reliance on desk-based post-
Over-reliance on technological solutions appropriation, and weak monitoring, thematic coding. structural analysis, and the
Exclusion of rural imaginaries hindering innovation. Theory:  Socio-technical ~and absence of empirical data.
educational.
(Weng et This study addresses challenges of Al adoption Digital learners note that Al in Method: task-based interviews Limitations include a single-
al., 2025) in entrepreneurship education, focusing on entrepreneurship  education poses analyzed via thematic SWOT site, small, age-skewed
analysis; sample within a specific
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Source Problems &Issues Objective Method & Theory Limitations
equity, technical issues, and learner imprecise information, technical, Theory: frameworks on Al course context, which limits
engagement. ethical, and equity challenges. integration in entrepreneurship broader generalizability.
education.
(Al- Digital accounting education struggles to This study examines how digital The study employs a quantitative Limitations include cross-
Hattami, define the role of digital tools in fostering accounting tools promote innovation, approach using SEM, grounded sectional design, self-report
2025) innovation, influenced by self-efficacy and considering the moderating effects of in self-efficacy and digital bias, region-specific sample,

literacy levels.

technological self-efficacy and digital

literacy.

literacy frameworks, to examine
innovation in digital accounting
education.

and lack of context in tool
usage.
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These challenges underscore the importance of evaluating alternative interactive

media formats, as discussed in the following section.

2.5 Comparative Analysis of Hypertext Video and Contemporary Interactive
Learning Approaches

While other technologies, such as AR/VR, are discussed for contextual
comparison, this study is strictly limited to hypertext interactive video as the primary
instructional medium.

To better understand the unique position of hypertext video among other
instructional technologies, this section presents a comparative perspective involving
AR/VR and flipped learning models. Compared to hypertext video, AR/VR
environments emphasise immersive sensory engagement, while flipped learning shifts
instructional content outside the classroom. Table 2.2 presents a comparative summary
of key instructional and technological models, adapted and synthesised by the
researcher (2025), highlighting how hypertext video distinguishes itself in terms of
interactivity, accessibility, and pedagogical flexibility, particularly in low-resource

contexts.
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Table 2.2

Comparison of Hypertext Video with Other Educational Media

Feature / Aspect Hypertext Video Traditional Interactive AR /VR-Based Learning Flipped Classroom
Video
Interactivity Highly non-linear, with clickable Moderate linear with quizzes Very high immersive 3D Depends on pre-class preparation
overlays and branching paths or branching videos environments (Radianti et al.,

Navigation Style

Bandwidth Requirement

Device Compatibility
Pedagogical Flexibility
Content Depth &
Layering

Accessibility in Low-
Resource Areas

(Cattanco et al., 2019)

User-controlled, hyperlinked sections
(Sauli et al., 2018)

Low to moderate (Ahmed & Md Zaini,
2022)

Standard devices (PC, mobile)

Highly customizable to the user level
and pace

Multi-level with optional paths and
resources

High (Ahmed & Md Zaini, 2022)

Pre-set navigation or quiz-
triggered

Moderate
2020)

(Kamil et al,

Standard devices

Moderate (Demedts et al.,
2024)

Mostly surface-level or fixed
branching

Moderate (Demedts et al.,
2024)

2020)

System/environment-driven
(Radianti et al., 2020)

High

Requires headsets/sensors
High, but less accessible
Context-rich but predefined
scenarios

Low (Radianti et al., 2020)

Teacher-planned

Low to moderate

Standard devices

Depends on in-class engagement

Based on the pre-class video quality

Moderate
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These comparative insights provide a foundation for understanding the
theoretical underpinnings of interactive video, as discussed in the next section. To
consolidate the preceding discussion on interactive video media and their pedagogical
affordances, this section introduces the theoretical frameworks that underpin the study.
By situating the study within a socio-cultural paradigm, the following review lays the

groundwork for the conceptual framework proposed in this study.

2.6 Relevant Theoretical Frameworks (Vygotsky and others)

This section presents a critical review of the existing literature on the use of
interactive video in academic education. A thorough search was conducted across major
databases, including Scopus, ScienceDirect, EBSCO, and Emerald, covering
publications up to 2025. The search employed targeted keywords such as interactive
video, design, aesthetics, arts, Colour, and components. Studies were selected based on
strict inclusion criteria, requiring them to focus explicitly on interactive video and to be
peer-reviewed, encompassing journal articles, books, patents, and scientific papers. Be
published between 2010 and 2025, and be written in the English language. The research
problem is examined through insights drawn from prior studies, which also provide key

recommendations to guide future scholarly inquiry in this field.

This literature review addresses three fundamental dimensions of video-based
interactive education. As depicted in Figure 2.1 These dimensions are: 1) the historical
evolution of interactive video in education, 2) the inherent limitations of interactive
video within educational contexts, and 3) strategies for effectively embedding
interactive video into digital learning environments. Collectively, these elements
provide a holistic framework for understanding the impact and potential of hypertext

video—based interactive learning.
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Strategies limitation of History of interactive
for online Interactive video education,

education video including its elements
integration education and technologies.

Figure 2.1 Key Aspects of Interactive Video-Based Education: History, Limitations,
and Integration Strategies.

As Figure 2.1 illustrates the three principal elements explored in the literature
review: the historical progression of interactive video in education, the challenges
linked to its implementation, and the strategies for successfully integrating interactive

video into digital learning environments.

2.6.1 Interactive Video Versus Linear Videos

Interactive videos distinguish themselves by promoting active viewer
engagement, unlike linear videos, which are typically consumed passively from
beginning to end without user interaction. Palaigeorgiou et al.(2019) observed that the
absence of interactivity in linear video formats often leads to shallow learning and
diminished knowledge retention. Although traditional educational videos are widely
utilised in digital learning contexts, their passive structure limits learner involvement.
As illustrated in Figure 2.2 Linear videos deliver content in a fixed sequence, providing
limited scope for meaningful learner interaction. The figure also underscores the
structural limitations of such videos, particularly their passive nature and absence of

interactive elements that are crucial for deeper cognitive engagement.
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Figure 2.2 Example of a Linear Educational Video from UITM

The example presented in Figure 2.2 documented by the researcher (2025),
illustrates the limitations of conventional, non-interactive educational videos, where
learners engage in passive viewing with minimal opportunities for real-time interaction
or embedded feedback. This disconnection between content delivery and assessment
often reduces motivation and cognitive engagement. By comparison, Figure 3.4
(Chapter 3) presents a Hypertext video model (Screenshot by the Author using Quizizz,
2025) that integrates assessment and navigation within the learning process,
encouraging active participation and deeper conceptual understanding.

This stands in clear contrast to interactive video models that dynamically embed
assessment and instructional components within the learning journey itself. Some
educational platforms have made efforts to enhance engagement by incorporating
assessment questions into the video playback experience. As illustrated in Figure
2.3This semi-interactive method enables students to respond to questions during the
video. Nevertheless, it still falls short of true interactivity, as learners cannot actively
manipulate or influence the video’s content and structure. Compared to Hypertext
video, this approach offers only limited opportunities for learner engagement and
flexibility, integrating assessment questions but lacking full interactive functionality,

and not accepting low bandwidth.
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Take more in, get more out

IELTS prep

Figure 2.3 Educational Video by British Council with Embedded Assessments

Figure 2.3 illustrates an educational video produced by the British Council,
documented by the researcher (2025), which incorporates assessment questions
throughout the video. While learners can answer these questions during the video's
playback, the overall content follows a linear structure and lacks the depth of interactive
features. Unlike Hypertext video, this model does not offer dynamic navigation,
personalised learning paths, or tailored feedback. This underscores the demand for more
sophisticated interactive video designs that foster deeper engagement and learning.

Interactive videos contribute to improved memory retention and heightened
focus by actively engaging viewers with the content (Chakrabarti & Blessing, 2014).
Hyper videos advance this concept by integrating video elements with hypertext,
enabling dynamic links to additional resources. This integration fosters a richer, more

interactive, and immersive learning experience (Cattaneo et al., 2019).

2.6.2 Key areas of Literature Review

The reviewed literature reveals a dynamic intersection between artistic practice
and digital educational technologies, emphasising the need to further explore the

aesthetic dimensions of interactive video in learning environments.
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2.6.2.1 History of Interactive Video in Education

The evolution of interactive video technologies over the centuries has been
instrumental in shaping modern digital education. As early as 1734, Louis-Bertrand
Castel devised an instrument that synchronised coloured light with musical
compositions (Prestage & Peacock, 1988). The advent of video technology marked a
turning point, propelling advancements that have led to the current use of interactive
videos. These modern tools enhance learner engagement through multimedia
integration, personalised learning pathways, and immersive educational experiences

(Pan & Lee, 2024).

2.6.2.2 Strategies for Online Education Integration

Implementing interactive video-based education necessitates a departure from
traditional, passive modes of learning. As illustrated in Figure 2.2, conventional
educational videos typically adhere to a linear format, which constrains learner
engagement and limits depth of understanding. Although platforms such as the British
Council (Figure 2.3) have integrated embedded assessments, these features offer only a
limited degree of interactivity, lacking the capacity for dynamic content navigation. In
contrast, Hypertext video incorporates advanced functionalities such as overlays,
clickable hotspots, and segmented chapters (Figures 3.4 and 3.5), which facilitate
adaptive learning pathways. These elements significantly enhance interactivity and
enable the provision of personalised feedback. Platforms like Quizizz exemplify this
model, presenting a structured and effective approach to fully interactive video-based

educational experiences.

2.6.3 Review of Relevant Theories

This study is informed by Vygotsky's Sociocultural Theory and Activity Theory,
both of which emphasise the significance of social interaction and the influence of
cultural context on the learning process (Kaptelinin & Nardi, 2012; Tappan, 1997). In
comparison with Piaget’s cognitive development theory, which conceptualises learning
as an internally driven process (Lourenco, 2012). Vygotsky’s "outside-in" perspective

foregrounds the impact of external, socially mediated influences. Bulle (2021) further
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highlights the importance of establishing structured frameworks to effectively support
digital learning environments. Drawing upon these theoretical foundations, this study
explores the pedagogical potential of hypertext interactive videos, with a particular

focus on their applicability within developing country contexts.

2.6.4 Vygotsky Sociocultural Theory

In this study, Vygotsky’s sociocultural theory is not only discussed
conceptually, but is actively applied as an analytical lens. Learning in art and design is
inherently social and mediated through tools and interaction. In this context, hypertext
video functions as a mediating tool that guides students through structured exploration,
interpretation, and creative meaning-making.

The interactive features of hypertext video (such as hotspots, segmentation, and
embedded feedback) are aligned with the concept of scaffolding within the Zone of
Proximal Development (ZPD), where learners move from assisted understanding to
independent knowledge construction.

Since this study is grounded in socio-cultural, tool-based interaction, a
qualitative design was adopted to capture students’ lived experiences, perceptions, and
meaning-making processes.

Furthermore, aesthetics in this study does not refer to visual beauty, but to
structured visual organisation that guides perception, attention, and understanding in
interactive learning environments.

Vygotsky’s Activity Theory is based on two core concepts: the Zone of
Proximal Development (ZPD) and the idea of More Knowledgeable Others. He
critiqued the conventional educational system, which he believed contributed to
persistent issues within learning communities (Azimi, 2019). Vygotsky viewed the
mind as a system of internalised language and emphasised the pivotal role of shared
communication in the learning process.

The ZPD represents the gap between what a learner can achieve on their own
and what they are capable of accomplishing with suitable guidance. Mediating elements
such as scaffolding, language, and educational tools are essential in bridging this gap.
Vygotsky’s framework aligns with the principles of social constructivism, focusing on
three core dimensions: the formation of complex knowledge through language and

social conventions, the variability of individual knowledge shaped by collaborative
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experiences, and the influence of emotional factors on learning, as suggested by Looker
(2021) Educators are encouraged to evaluate both the difficulty of learning tasks and
the prior knowledge of students before facilitating collaborative learning experiences.
Vygotsky also made influential contributions to social theory, especially in articulating
the relationship between thought and speech. His ideas are often represented through
mediation models that illustrate how meaning is constructed.

The relationship between word meaning and cognitive development is
illustrated through the triangular mediation model shown in Figure 2.4 and Figure 2.5
(Daniels, 2008). Figure 2.4 presents an adaptation of Vygotsky’s Social Development
Theory, as interpreted by Pulido et al. (2021), emphasising the social and
communicative foundations of learning. Figure 2.5 extends this concept by presenting
a conceptual framework for the design and study of interactive video as a contemporary
form of artistic and educational expression, drawing on the foundational ideas proposed
by Le Blanc and Singer (1976). Together, Figure 2.4 and Figure 2.5 Highlight
Vygotsky’s mediation model and its relevance in enhancing student learning through

interactive video.

The learner’s Zon§ Ofl Potential
current zone proxima development

of development zone
development

Mediator

Orientation provided by
a more capable third
party

Mediation through
learning
instruments

Figure 2.4 Vygotsky’s Social Development Theory

(Pulido et al., 2021,p.27)
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with groups

Figure 2.5 Triangular Mediation Model in Vygotskian Theory

(Daniels, 2008; Le Blanc & Singer, 1976)

Vygotsky emphasised the importance of analysing word meaning as a central
unit of psychological inquiry, linking emotional experience and practical activity to
broader socio-historical contexts. Central to his theory is the concept of mediation,
particularly through the use of language as a cultural tool for communication. He
stressed the need to distinguish between the various ways in which artefacts are
employed to serve different functions, a concept further developed in Daniels’ typology
(2008).

This aligns with Vygotsky’s notion of tertiary artefacts and connects to schema
theory within cognitive psychology (Battista, 2017).

Overall, Daniels (2008) suggests that artefacts can fulfil a wide range of
purposes depending on how they are applied within mediated activity.

In the context of digital art and design education, these artefacts extend beyond
linguistic tools to include multimedia elements such as interactive videos, hypertext
links, and visual interfaces. Such tools mediate creative cognition by enabling learners
to explore, construct, and reinterpret meaning through multimodal artistic engagement.

Vygotsky’s sociocultural theory has been widely applied in digital learning
contexts, particularly in studies that emphasise mediated interaction, collaborative
learning, and tool-based knowledge construction, making it highly relevant to hypertext
video—based learning environments.

Expanding upon this theoretical framework, Table 2.3 introduces a functional

typology of artefacts within interactive video environments, demonstrating how these
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artefacts can be employed to identify, interpret, and anticipate object behaviours as well

as possible future outcomes.

Table 2.3
Functions Typology of Interactive Video Artefacts in Digital Education (Daniels, 2008,

p.11)

Question Artifacts Function
What interactive Identification and description of objects
(hypertext)
How video Employed to direct and guide activities and interactions

occurring on, within, or between objects.

Why Utilised to analyse and explain the evolution and
behaviour of object properties.

Where Applied to anticipate future states or potential
developments of objects, including social systems and
institutions.

This study investigates the interactive components of hypertext videos in Art
and Design education, exploring their role in enhancing learning and the challenges
related to their implementation in Yemeni universities. Furthermore, it considers the
need for a structured framework to enhance their development and application, ensuring
alignment with the educational context and technological limitations in Yemen. The
study questions are as follows:

1. What is the current state and pedagogical use of hypertext interactive video in
undergraduate Art and Design education in Yemen?

2. How do students and instructors perceive the pedagogical, aesthetic, and
technological components of hypertext interactive video in teaching colour
theory in Yemeni universities?

3. How can a contextually relevant and pedagogically grounded framework for
hypertext interactive video be developed and proposed for higher education in
Yemen?

HyperLearnX was not intended to replace human interaction, but rather to
support mediated and scaffolded learning experiences under resource-constrained
conditions. In line with Vygotsky’s sociocultural perspective, the system was
conceptualised as a guided learning support tool that facilitates learner engagement,

interaction, and reinforcement through embedded prompts and interactive navigation.
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2.7  Digital Education Strategies and Study Framework

Sauli et al. (2018) argue that Yemen, along with other developing nations,
urgently needs advanced technological solutions that are specifically adapted to
environments with limited technological infrastructure. They highlight the importance
of leveraging interactive videos to support educational advancement, particularly within
university contexts where the integration of educational technologies remains minimal.
This underscores the necessity for affordable, accessible, and context-sensitive digital
tools capable of narrowing the educational digital divide.

Pan and Lee (2024) underscore the critical need for studies that explore the
aesthetic dimensions, emotional impact, and social interactions associated with
interactive video design. They call for further inquiry into the creative production of
multimedia content and the accessibility of digital educational materials, aiming to
enhance our understanding of how digital aesthetics intersect with human perception in
learning contexts. Advancing study in this domain could yield important insights into
the potential of interactive videos to enrich and transform educational experiences.

Furthermore, Mack (2024) emphasises the continued need for study into the
challenges surrounding the identification and accessibility of shared socio-material
artefact creation within online learning environments. Addressing these concerns is
essential for understanding how interactive technologies can foster more inclusive
educational experiences and support equity across diverse socio-economic
backgrounds.

However, these studies remain largely conceptual and lack empirical validation
in real-world educational contexts.

In a related context, Wilkie (2024) advocates for deeper exploration into
collaborative student engagement within artistic projects, proposing that such
experiences may serve a crucial role in fostering both creativity and emotional well-
being. This points to a valuable direction for future research, particularly regarding how
interactive video technologies might act as catalysts for stimulating creative thought
and supporting emotional development in educational contexts.

Furthermore, Hu et al. (2024) emphasise the increasing significance of
promoting emotional analysis in video-based content, particularly in the context of
short-form media. Gaining a deeper understanding of how viewers emotionally respond

to video materials can offer valuable insights into the ways emotions influence learner
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engagement, academic performance, and the overall impact of educational
interventions.

While prior research highlights the benefits of interactivity, it fails to address
implementation challenges in low-bandwidth environments.

Looking ahead, future research should place greater emphasis on enhancing the
design and application of interactive video in educational settings (Hu et al., 2024). Key
areas of focus should include improving accessibility, elevating aesthetic quality,
fostering collaboration, and deepening emotional resonance. Progress in these domains
can significantly contribute to more inclusive, stimulating, and effective pedagogical
practices, especially in developing countries and other In a related context, challenged
environments.

To support this investigation, a conceptual framework has been developed that
integrates Vygotsky's sociocultural theory with core principles of hypertext video-based
interactive learning. This framework identifies how specific interactive video features,
such as overlays, segmented video chapters, clickable hotspots, and embedded
assessments, contribute to student engagement and improved learning outcomes in
digital education.

The conceptual framework presented in Figure 2.6 is developed directly from
qualitative data analysis. The framework construction followed a systematic process,
beginning with the identification of key themes derived from interview data. These
themes were then grouped into meaningful conceptual clusters, which were
subsequently translated into design principles aligned with learning theories,
particularly Vygotsky’s sociocultural theory. The framework integrates three core
dimensions: aesthetic mediation, teaching guidance, and creative design response.
These dimensions are operationalised into structured design components within the
HyperLearnX framework, including structured visual design, guided interaction, and
constraint-based design. To support implementation, the ADDIE model is incorporated
as a procedural layer, guiding the application of the framework from analysis to
evaluation. This ensures that the framework is not only conceptual but also applicable
in real educational settings.

The study conceptually aligned with selected ADDIE phases. The Analysis
phase focused on identifying learner needs and contextual challenges related to low-
bandwidth educational environments in Yemen. The Design phase informed the

structure of the interactive hypertext video and its pedagogical features, while the
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Development phase involved the creation of a conceptual prototype for qualitative
exploration. Full implementation and summative evaluation were beyond the scope of

the present study.

CONCEPTUAL INTEGRATION FRAMEWORK
THEMES PROCESS
HyperLearnX Framework
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Figure 2.6 HyperLearnX Design Framework for Hypertext Video-Based Learning

This study proposes the HyperLearnX Design Framework, a data-driven and
pedagogically grounded framework.

The evaluation of the proposed framework will be conducted through qualitative
analysis of participant responses, focusing on usability, engagement, and perceived
learning effectiveness. The findings will be interpreted using thematic analysis, guided

by the conceptual framework and Vygotsky’s theoretical principles.
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2.8 Conclusion

Interactive video has been widely recognised for its potential to enhance
learning outcomes, particularly within Art and Design education in low-resource
contexts such as Yemen.

Most existing studies focus on general education, with limited attention to
visually intensive disciplines such as Art and Design.

This literature review demonstrates that while interactive video has strong
potential to enhance engagement and knowledge retention, its application in Art and
Design education, particularly in low-resource contexts, remains underdeveloped and
insufficiently explored. Previous studies consistently demonstrate that interactive
videos enhance student engagement and improve knowledge retention. However, there
is a notable gap in studies exploring the aesthetic features and usability of these videos
in educational settings.

Future research should prioritise the development of visually engaging
interactive videos and evaluate their effectiveness in digital education, particularly in

resource-constrained contexts such as Yemen.
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CHAPTER 3
RESEARCH METHODOLOGY

3.1 Introduction

This study adopted an interpretive qualitative methodology to examine the
integration of hypertext video—based interactive learning in the teaching of colour
theory within Graphic Design. Employing qualitative approaches such as semi-
structured interviews, focus groups, and direct observations, the study investigated the
artistic and instructional value, user experiences, and implementation challenges of
hypertext interactive videos, with particular attention to the higher education context in
Yemen.

The study incorporated the perspectives of a broad spectrum of stakeholders
ranging from interactive video designers and technical specialists to academic
instructors, students, and governmental representatives. Their diverse insights were
instrumental in examining the creation, deployment, and institutional acceptance of
hypertext-enhanced learning in resource-constrained educational environments.

Thematic analysis was conducted using NVivo software, facilitating the
detection of recurring patterns and meaningful insights in participants’ responses. This
analytical process enhanced data organisation, transparency, and interpretive depth. The
primary aim was not to develop a grounded theory but rather to generate a practical,
context-sensitive design framework that enhanced the effectiveness and inclusivity of

interactive learning in developing countries, with a focus on design education.

3.2 Research Design

This study adopted a qualitative methodology designed to gather in-depth
insights from a broad spectrum of participants, including interactive video developers,
technical experts, academic lecturers, students, and officials from universities,
ministries of higher education, and relevant educational bodies. Semi-structured
interviews were employed as the main method for data collection, capturing qualitative
information related to participants’ academic experiences, technical challenges, and

perceptions of interactive video use. The interviews were carried out through various
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digital communication platforms, including Google Meet and Zoom, WhatsApp, or
phone calls, depending on the preferences of each participant, with all sessions recorded
to ensure data accuracy and reliability.

Participant feedback played a central role in shaping the direction and findings
of the study. The ultimate goal was to propose a tailored framework for educational
interactive video development that was responsive to the specific needs of developing
countries, promoting both accessibility and contextual relevance for academic
institutions and learners.

This chapter outlined the study methodology and clarified its purpose and the
analytical structure underpinning the investigation. The study was guided by the
ADDIE instructional design model, Vygotsky's sociocultural theory, and core elements
of interactive video design to identify practical features that could effectively address

the challenges facing digital education systems.

3.2.1 Qualitative Method

Qualitative study recognised the existence of multiple realities and the critical
role of social construction in shaping meaning. It prioritised representing participants'
viewpoints authentically and accurately (Lietz et al., 2006). While qualitative analysis
incorporated scientific rigour, it also drew upon creativity, innovation, and interpretive
imagination, essential elements for understanding the complexities of educational
interactions (Sandelowski, 1995). This study adhered to systematic inquiry principles.
To ensure the credibility, trustworthiness, and methodological rigour of its findings, this
study followed systematic inquiry principles that were grounded in an interpretive
qualitative paradigm, emphasising the co-construction of meaning through participants’

lived experiences and contextual understanding.

3.2.2 Research Questions and Instrumentation

The research questions guiding this investigation were rooted in Vygotsky’s
theoretical framework and were closely aligned with the qualitative study approach.
Interviews, focus groups, and observations served as key qualitative methods for

examining the challenges and possibilities associated with implementing hypertext
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interactive video-based learning within Yemeni universities. Participants were
intentionally chosen based on their involvement in the development, deployment, and
use of interactive video technologies in educational contexts. To promote rich and
flexible dialogue, the research questions were adapted to suit each participant group,
allowing for nuanced exploration of contextual dynamics. A comprehensive set of
interview questions was included in Appendix A for further reference.

The interview questions were initially developed in English and subsequently
translated into Arabic to accommodate participants’ linguistic preferences. A back-
translation process was conducted to ensure conceptual equivalence between both
versions. This procedure was essential to preserve the validity and clarity of meaning
across languages. The bilingual interview protocol was provided in Appendix C.

The interview questions were developed based on the study objectives, research

questions, and relevant literature on interactive learning and hypertext video.

3.2.2.1 Expert Validation and Conceptual Review

The HyperLearnX content structure, interface logic, and interactive components
were reviewed by academic specialists and expert participants in educational
technology and digital learning design to ensure alignment with the study objectives,
research questions, and pedagogical requirements of colour theory instruction within
low-bandwidth learning environments. The review process was based on the conceptual
framework and demonstrative hypertext-interactive video examples presented during
the study sessions. Feedback obtained from this review contributed to refining the
clarity, usability, contextual suitability, and instructional coherence of the proposed

framework.

33 Research Sampling

This study adopted a qualitative strategy, utilising semi-structured interviews,
focus groups, and observations to collect detailed insights from a range of stakeholders.
A targeted sampling strategy was implemented to identify participants with relevant
expertise or experience in the design, implementation, or use of hypertext interactive

videos in educational contexts. Participants were selected based on predefined inclusion

46



criteria, such as active involvement in digital education initiatives or policymaking, to
ensure relevance and diversity of perspectives.

A purposive sampling strategy was employed to select participants with relevant
expertise and experience in digital education and interactive video. This approach
ensured that data were collected from information-rich cases capable of providing deep
insights into the research problem.

This section drew on data collected from 35 participants representing four key
groups within Yemen’s art and design education ecosystem. The sample included 6
government officials, 5 university academicians, 11 interactive-video developers and
technical experts, and 19 university students, including those who participated in
individual interviews and focus-group discussions. It should be noted that some
participants occupied multiple professional roles (for instance, lecturer—technologist or
academic—policy actor); therefore, the categorical counts reflected functional roles
rather than mutually exclusive participant totals.

Since the study adopted a reflexive thematic analysis approach rather than
statistical comparison across stakeholder groups, overlapping functional roles were
interpreted contextually rather than quantitatively. Therefore, role multiplicity did not
affect the interpretive validity of the themes.

A total of 35 participants were involved in the study, organised into two focus
groups and individual in-depth interviews as follows:

The government officials included 3 participants in a Focus Group to discuss
regulatory and policy perspectives, while the remaining 3 officials participated in
individual in-depth interviews. Among university students, 15 participated in a Focus
Group to examine user experience, accessibility, and engagement with hypertext video-
based learning, and 4 students were interviewed individually to provide detailed
personal insights. Creators and technicians of interactive videos, including technology
experts and designers, were interviewed individually to explore technical challenges,
design considerations, and strategic factors in implementing interactive video
technologies, accounting for 11 participants. Finally, 5 lecturers and educators were
engaged in individual interviews to examine their teaching practices, the challenges
they faced, and effective strategies for applying interactive videos in educational

contexts.
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Comparative interpretation was therefore conducted thematically rather than
statistically to avoid misleading quantitative representation of overlapping professional

roles.

3.3.1 Inclusion and Exclusion Criteria

The inclusion criteria for participant selection were as follows:
a) Participants had direct experience with digital education or interactive video.
b) Participants were involved in teaching, development, or policy-making roles.
The exclusion criteria included:
a) Individuals with no prior exposure to digital learning environments.

b) Participants who were unable to meaningfully contribute to the research
questions.

Focus groups encouraged dynamic exchanges among participants, allowing
them to share experiences, debate ideas, and build upon each other’s viewpoints (Lietz
et al., 2006). This interactive setting enriched the depth and breadth of data, often
revealing perspectives that might not surface through individual interviews. The study

involved the following groups of participants:

3.3.1.1 Creators and Technicians of Interactive Videos

This participant group included technology experts and designers involved in
the production and development of interactive videos. Their expertise offered valuable
perspectives on the technical challenges, industry benchmarks, and strategic factors that
shape the use of interactive videos within educational settings. While their primary
focus was on the structural and operational aspects of interactive learning technologies,
they also provided insights into aesthetic considerations, particularly when these
influenced user engagement and educational effectiveness. Participants in this group
were interviewed individually to allow for in-depth exploration of technical and design-

related topics.
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3.3.1.2 Academicians

Lecturers, as primary facilitators of interactive learning, played a central role in
incorporating interactive videos into their teaching practices. This study aimed to
explore their experiences, the challenges they encountered, and the effective approaches
they employed when designing and applying interactive videos in educational contexts.
These contributions offered essential context for identifying strategies to strengthen the
impact of interactive videos, particularly within a digital learning framework informed
by Vygotskian principles. Data were collected through individual interviews to capture
detailed insights from their teaching experiences. Participants engaged in a combination
of Focus Groups and individual interviews, allowing for both interactive discussion and

in-depth personal insights into their experiences with hypertext video-based learning.

3.3.1.3 University Students

Students, as the primary beneficiaries of interactive video-based learning, were
central to assessing its educational impact. Their engagement levels, feedback, and
overall learning experiences provided first-hand insights into the usability and
pedagogical effectiveness of hypertext video-based learning. This study explored
students' perceptions of hypertext video, examining how they interacted with these tools
and evaluating their accessibility, engagement quality, and contribution to their

educational development.

3.3.1.4 Government Officials

Government officials, as key policymakers, were instrumental in shaping the
landscape of digital education. Their involvement in this study offered valuable insights
into the regulatory frameworks, policies, and infrastructure challenges that influenced
the adoption of interactive videos in higher education. Through semi-structured
interviews, their perspectives were explored, focusing on aspects such as platform
accessibility, content regulation, and digital learning policies. This inclusion facilitated
a thorough understanding of the wider educational landscape and its implications for
the implementation of interactive learning technologies. Participants engaged in a

combination of Focus Groups and individual interviews, enabling exploration of both
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collective and individual perspectives on policy-level considerations and regulatory

frameworks.

34 Data Collection Methods

To achieve an in-depth understanding of the research problem, this study
employed semi-structured interviews, focus groups, and direct observations. These
methods were intended to explore participants’ experiences, perceptions, and
interactions with hypertext video tools in real-world educational settings.

Online video communication tools such as Google Meet, WhatsApp, and Zoom
were utilised for remote interviews, offering flexibility and ensuring accessibility for all
participants. With participants’ informed consent, all interviews and focus group
sessions were recorded to support accurate and rigorous data analysis.

This qualitative approach aimed to produce detailed, contextual insights that
directly contributed to the creation of a practical, context-aware framework for
implementing hypertext interactive videos in higher education, especially in under-
resourced environments such as Yemen.

In addition to primary qualitative data collected from participants,
supplementary documents such as official government statements, educational policy
reports, and precedent case studies were consulted where relevant. These materials
served as contextual references to support and enrich the interpretation of findings,
rather than as primary data sources. Each interview lasted approximately 30 to 60
minutes and followed a structured procedure, including an introduction, a
demonstration of the sample hypertext video, and a guided discussion based on the
interview protocol. In total, two focus group sessions and multiple individual interviews

were conducted across all participant groups.

3.4.1 Ethical Approval and Compliance

Formal ethical approval for this study was obtained from the UiTM Research
Ethics Committee under the code REC/08/2025 (PG/MR/474). All interviews, focus
groups, and interactions were performed following UiTM ethical guidelines and
stipulated conditions in the approved protocol. All participants provided informed

consent and agreed for their real names to be used as part of the study.
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Detailed documentation of the data collection process, including ethical
approval, participant profiles, bilingual interview transcripts, and expert validation
procedures, is presented in Appendix D to ensure procedural transparency and
auditability.

All participants expressly requested or consented to the disclosure of their real
names, professional identities, institutional affiliations, and political positions for
attribution purposes. Such disclosure was permitted only after obtaining explicit written
informed consent in accordance with the approved ethical procedures. In addition, some
participants represented multiple professional categories; therefore, categorical

frequencies may overlap, while the total number of individual participants remained 35.

3.5  Data Analysis

Data from semi-structured interviews, focus groups, and observations were
analysed using Braun & Clarke’s (2006) six-phase thematic analysis, selected for its
flexibility and alignment with the study’s interpretive qualitative approach, allowing for
the identification of patterns and insights across diverse participant perspectives.
Analysis started with familiarisation, involving repeated reading and annotation of
transcripts to gain an initial understanding. During the coding phase, meaningful
segments were labelled using NVivo software.

These codes were then examined and grouped into potential themes reflecting
key concepts, experiences, and challenges related to hypertext interactive video-based
learning.

During the theme review and refinement stages, codes and themes were
compared across participant groups to ensure analytical consistency, coherence, and
alignment with the research questions. The final themes were clearly defined and
labelled, with representative quotes selected to substantiate the interpretation.

Throughout the process, attention was paid to ensuring rigor through strategies
such as triangulation across data sources (educators, students, technicians, and
policymakers), member checking where feasible, and maintaining a detailed audit trail
within NVivo. This approach allowed the study to reflect the complexities of the
educational and infrastructural context of Yemen while ensuring transparency and

trustworthiness in the interpretation of findings.
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The thematic analysis resulted in several key themes, namely Pedagogy,
Interactivity, and Aesthetics, which informed the development of the proposed design
framework. These themes are presented and discussed in detail in Chapter 4, where they
are further analysed and translated into the components of the proposed design
framework. In addition, the interview protocol and emerging themes were reviewed by
an expert in the field of educational technology to enhance the validity of the findings.
Feedback from the expert was used to refine the structure and clarity of the research

instruments and analytical categories.

3.6  Design framework methodology

This study employed a systematic interpretive qualitative methodology to
investigate the educational impact of hypertext video-based interactive learning and
entailed gathering data via semi-structured interviews, focus groups, and observations
from a range of stakeholders, including experts, educators, students, and government
officials.

As depicted in Figure 3.1, the study framework outlined the major study phases,
encompassing data collection, participant selection, thematic analysis, and validation
processes. This structured design ensured a holistic investigation of the key components
of hypertext video and their pedagogical relevance in digital education, particularly
within developing country contexts. It illustrated the structured qualitative methodology
framework adopted for this study, which delineated the key research phases, including
participant selection and data collection. Data were gathered through a combination of
semi-structured interviews, discussions in focus groups, and direct observations. The
figure further depicts how thematic analysis was performed using NVivo software and
the subsequent development of a practical framework informed by the participants’

insights and contextual findings.
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METHODOLOGY

Phase 1: Data Collection

Qualitative

Utilizing Semi-Structured Interviews, Observations

e  Focus Group Discussions

e Individual interview

Mediums:
®  Google Meet (video/audio),

® Email & WhatsApp for coordination and verification.

[

Informants:
1-Creators and Technicians 2- Academicians

3-University Students 4-Government Officials

Phase 2: Data Analysis

Data Analysis

v

Thematic Analysis & Comparative Review

Objective: Extract key themes and insights related to the implementation and
challenges of hypertext video in digital education.

v

Final Outcome:

Framework for the Effective Development and Implementation of Hypertext Interactive Videos
in Education, and Guidelines Tailored to the Yemeni Educational Context

!

ADVANCING HYPERTEXT VIDEO-BASED LEARNING IN ART AND DESIGN
EDUCATION: AN INTERPRETIVE CASE STUDY OF Colour THEORY LEARNING
AMONG ART STUDENTS IN YEMEN

Figure 3.1 Methodology Framework for Research on Hypertext Video-Based
Learning

This study applied the ADDIE model, which ensured that each phase of the

process was interconnected and built systematically upon the previous one. The model
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comprised five key stages: Analysis, Design, Development, Implementation, and

Evaluation. This progression was visually represented in Figure 3.2

In this study, the ADDIE model was not applied as a full instructional cycle.
Instead, it was used as a guiding framework to structure the development of the
proposed design model. The study focused primarily on the Analysis and Design
phases, while the Development phase remained at a conceptual prototype level. The
Implementation and Evaluation phases were not fully executed, as the study aimed to
explore perceptions and inform framework development rather than test a complete

curriculum.

54



DEVELOPMENT

Analysis

Design

ACTIVITY

OUTPUT
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Pilot implementation
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feedback
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interactive features & learning
experience

Evaluation report with
themes & insights

Recommendations
addressing low-
bandwidth constraints
(compression, access,
training)Assessment of
awareness among

students & educators.

Figure 3.2 Framework of the ADDIE model (Kamil et al., 2020, p.892)

The inclusion of policy-level participants guaranteed that the resulting

framework was academically sound as well as practically feasible within the

institutional landscape of countries like Yemen. In addressing the infrastructural and

technical limitations identified in the Yemeni context, this study moved beyond the

evaluation of existing platforms by proposing an integrative, locally adaptable solution.

The following section outlines how the incorporation of innovative technologies and

engagement with local developers could support the practical implementation of the

framework.
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The study design adopted for this study followed a clearly structured
methodology, ensuring a systematic and thorough investigation into hypertext video-
based interactive learning. As depicted in Figure 3.3 The design mapped out the critical
phases covering the study process, including participant selection, data collection
through interviews, and the subsequent analysis of gathered findings. This systematic
approach enabled a comprehensive understanding of the challenges and opportunities
associated with implementing hypertext video technologies in digital art education, with

a particular focus on the context of universities in Yemen.

Data Collection:

. . Interviews on the use Data Analysis and Results and Conclusion and
Literature review of hypertext videos Interpretation Discussion recommendation
in Yemen.

Figure 3.3 Research Design

3.6.1 Integration of HyperLearnX and Local Technical Expertise

In addition to analysing existing interactive video tools such as Edpuzzle,
Quizizz, and YouTube Hyperlinks, this study proposed a novel direction by
incorporating HyperLearnX, a lightweight, Al-enhanced compression system, currently
under patent application. This innovation was specifically designed to optimise the
delivery of high-quality hypertext videos in low-bandwidth contexts.

HyperLearnX utilised adaptive compression to minimise file sizes by
intelligently reducing non-essential video segments while preserving instructional
quality. This feature addressed a core infrastructural limitation in Yemen, where limited
broadband capacity continued to hinder access to rich media content.

Rather than prescribing a rigid implementation pathway, the study invited local
software developers and platform engineers who were also part of the interview
participant pool to co-create context-specific technical solutions. These stakeholders
were introduced to the HyperLearnX model and were asked to evaluate its feasibility
for integration into locally developed educational platforms. Through this participatory
approach, the study aimed to promote bottom-up innovation while fostering

technological self-sufficiency in Yemeni universities.
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Furthermore, the framework encouraged universities to engage in partnerships
with non-profit organisations, educational technology providers, and international
donors to facilitate infrastructure support and professional training for lecturers. This
collaborative strategy ensured that the proposed system was not only pedagogically
sound but also technically scalable and economically sustainable within the Yemeni

educational ecosystem.

3.7 Design and Implementation of Hypertext Interactive Video

Insights from participants guided the development of the hypertext interactive
video from interviews and focus groups. Analysing participant feedback helped shape
the design of interactive features, ensuring that the resulting framework aligned with

learner requirements and supported the intended educational outcomes.

3.7.1 Key Interactive Features in Hypertext Video-Based Learning

Hypertext interactive videos integrated various interactive features aimed at
boosting engagement, navigation, and educational outcomes. Unlike conventional
linear videos, hypertext videos offered learners the ability to interact with content in a
dynamic way, supporting non-linear navigation, decision-making processes, and real-
time feedback.

This section outlined the key interactive elements incorporated into the
hypertext video framework developed for this study. These elements included overlays,
video chapters, hotspots, and quizzes, each playing a distinct role in fostering learner
autonomy, engagement, and knowledge retention. Other important components of
hyperlinked videos included:

Overlays: These were interactive annotations embedded within the video that
enabled viewers to click on specific options, directing them to additional content or
targeted video segments. Overlays played a critical role in fostering interactivity
without interrupting the flow of the video. For example, a clickable annotation might
seamlessly link viewers to a supplementary video.

Video chapter with hyperlinks: Dividing videos into chapters facilitated easier
navigation, especially for longer content. Each chapter could be hyperlinked, allowing

users to access particular sections directly. For instance, a cooking tutorial might feature
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chapters such as "Ingredients," "Cooking Process," and "Preparation," each linked to its
respective part of the video.

Hotspots (Clickable Regions in the Video): Hotspots introduced a layer of
interactivity by enabling viewers to click on designated areas within the video to access
further information. For example, a promotional video for a product might contain
clickable hotspots over different features, providing detailed descriptions when
selected.

Quizzes and Choice-Based Navigation: This feature empowered users to
influence the video's progression based on their responses or selections. For instance,
an interactive training module might allow learners to choose from multiple scenarios,
leading to different outcomes depending on their decisions.

Figure 3.4 and Figure 3.5 illustrated the structural and interactive components
integrated into the hypertext video model developed for this study. To provide a
structured and intuitive learning experience, the interactive hypertext video was
designed with multiple layers of interactivity that facilitated both guided and self-
directed learning.

Figure 3.4 presented the structural components essential for developing the
interactive video prototype using the Quizizz platform. The prototype structure
illustrated in the figure was designed and documented by the researcher using Quizizz
(2025). These components included: (1) A linear video serving as the primary content,
(2) A timeline that sequenced interactive elements, (3) Embedded questions to assess
learner comprehension, (4) An option for inserting comments or inquiries, (5) A
preview of comment integration, and (6) A display of how embedded questions
appeared within the video. These features collectively formed the foundation for the

interactive architecture of the hypertext video.
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Figure 3.4 Structural Components of the Hypertext Interactive Video Prototype.

Beyond structural organisation, the hypertext video incorporated interactive
features that enhanced learner engagement and fostered personalised learning pathways.
Figure 3.5 demonstrated how clickable regions (hotspots) and choice-based navigation
enabled learners to engage with the material interactively and responsively, reinforcing

learning outcomes through decision-based exploration.

Figure 3.5 Interactive Features and Learner Engagement in Hypertext Video
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Figure 3.5, documented by the researcher using Quizizz (2025), highlighted five
key interactive elements: (1) Overlays menu with clickable annotations linking to
supplementary content, (2) Hotspots that allowed users to access deeper material
interactively, (3) Choice-based navigation (teacher view) presenting multiple correct
pathways, (4) Student view displaying user interaction with embedded questions, and
(5) Activation feedback providing immediate responses to enhance engagement. This
example represented the learner’s experience within the interactive environment. These
figures provided an example of a learner’s interaction within the interactive
environment. The screenshot was taken from the Quizizz platform (2025) by a

researcher.

3.7.2 Observation Procedure

Observational data were primarily used as supplementary contextual support
during the interpretive phase of the thematic analysis rather than as a standalone
analytical dataset. The observations focused on learners’ navigation behaviour,
interaction pauses, and responses to interactive video flow during demonstrative

sessions.

3.8 Conclusion

This chapter presented the methodological approach adopted to explore the
pedagogical influence and learner engagement associated with hypertext video-based
interactive learning. A qualitative approach was adopted, utilising semi-structured
interview sessions, facilitated group discussions, and systematic direct observation
involving experts, educators, students, and policymakers.

The methodology framework Figure 3.1 ensured a systematic process for
participant selection, data collection, and thematic analysis using NVivo. These
approaches strengthened the overall credibility of the study, trustworthiness, and
contextual depth. The integration of overlays, segmented video chapters, clickable
hotspots, and interactive quizzes in hypertext video-based learning represented a
significant shift toward adaptive, learner-centred digital education. These features

fostered personalised interaction, real-time decision-making, and increased autonomy,
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aligning with contemporary educational paradigms grounded in Vygotsky’s socio-
cultural theory.

To further address the technical limitations in Yemen, the chapter also
introduced HyperLearnX, an Al-driven video compression system, and proposed it as a
scalable solution for optimising interactive video delivery in low-bandwidth contexts.
The next chapter presented and interpreted the empirical insights obtained from
participants, highlighting how the interactive features shaped learner engagement and

influenced educational outcomes within the context of Yemeni higher education.
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CHAPTER 4
ANALYSIS AND INTERPRETATION OF FINDINGS

4.1 Introduction

This chapter offers an overview of the study’s findings, interpreted through a
reflexive thematic analysis conducted using NVivo qualitative analysis software. It
provides an integrative understanding of how hypertext-interactive video mediates the
aesthetic, pedagogical, and technological dimensions of art and design education in low-
bandwidth contexts such as Yemen. In doing so, the chapter directly addresses the three
research objectives by linking participants' lived experiences to the central research
problem: the challenge of sustaining creative, inclusive digital learning under
technological constraints.

To ensure analytic rigour, the chapter begins by outlining the data analysis
process, highlighting how NVivo was used to facilitate systematic coding,
categorisation, and visualisation of emerging patterns across interviews as well as focus
group discussions. The incorporation of NVivo enhanced the clarity and auditability of
the analytical process and trustworthiness of the qualitative analysis, enabling the
identification of coherent themes that reflect both artistic and pedagogical
interpretations of hypertext-interactive video.

The findings were interpreted through Vygotsky’s sociocultural theory. These
findings represent more than empirical results; they demonstrate how tools, aesthetic
design, and collaboration work together to shape creative thinking. The analysis reflects
how hypertext-interactive video operates simultaneously as a pedagogical tool and an
artistic medium, enabling learners to construct meaning through multimodal, socially
guided engagement.

This chapter is organised according to the study’s three research questions. The
first section addresses the current state of hypertext video use in Art and Design
education, focusing on aesthetic, pedagogical, and technological mediation. The second
section examines participants’ perceptions of the HyperLearnX system, particularly in
relation to engagement, creative resilience, and adaptation under infrastructural

constraints. The third section presents the development and validation of the proposed
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HyperLearnX framework, highlighting its pedagogical, aesthetic, and contextual
dimensions within low-bandwidth educational environments.

Together, these themes illustrate how HyperLearnX, registered as a copyright-
protected instructional design model (see Appendix B: HyperLearnX (Alshabi, Salim,
& Ab Ghafa, 2025), as both a conceptual model and an applied framework, bridges
creativity, education, and technology to democratize art and design education. The
chapter concludes by connecting these findings back to Vygotsky’s sociocultural
model, demonstrating how mediation, collaboration, and contextual creativity
transform hypertext-interactive video into a sustainable pedagogical art, one capable of
empowering inclusive and resourceful learning in developing educational

environments.

4.1.1 Supporting Data Collection Documentation

Appendix D provides the supporting data collection materials and
documentation used throughout the study. It includes bilingual interview excerpts,
participant profiles, ethical approval documents, member-checking evidence, expert
validation procedures, and supplementary qualitative records related to the data
collection and verification process. The appendix supports procedural transparency,
credibility, and the overall trustworthiness of the study.

Meanwhile, Appendix C presents the bilingual interview protocol (field version)
used during the data collection process. The protocol includes both the original Arabic
interview questions and their English translations to ensure conceptual equivalence,
transparency, and methodological consistency. The appendix also enhances the
trustworthiness of the study by documenting the semi-structured interview procedures

applied across different participant groups.

4.1.2 Participant Overview

Appendix C presents the actual interview scripts used during the data collection
phase. It complements Chapter Four by providing transparency into the research
procedures, including participant briefing, ethical considerations, and the semi-

structured questions used in the field. The appendix also reflects the use of a sample
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hypertext video to support discussion. Both Arabic and English versions are included
to ensure contextual accuracy and academic clarity.

Participants were coded based on their primary functional roles rather than
unique identity counts. Some participants contributed multiple perspectives across
professional roles; therefore, NVivo coding reflects role-based instances rather than
individual duplication.

Some participants occupied multiple professional roles, for example, lecturer—
technologist, and the counts reflect functional roles rather than mutually exclusive
individuals. Figure 4.1 presents the distribution of participants across these categories

and provides contextual grounding for the thematic analysis that follows.
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Figure 4.1 Distribution of Participants Across the Four informant Groups

The participants were divided into four key informant groups: Government
Officials (n=6), Lecturers and Educators (n=5), Creators and Technicians (n=11), and

University Students, with some participating in focus groups (n=19).

4.1.3 Data Saturation

Data saturation was reached after repetitive patterns emerged across the four
participant groups, with no new codes identified after interview 32, indicating sufficient

thematic redundancy across the dataset.
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4.1.4 Role-based coding clarification

Participants were coded based on functional roles rather than unique individuals.
Some participants contributed multiple perspectives across roles; therefore, NVivo
coding reflects “role instances” rather than individual counts, ensuring analytical
consistency across stakeholder groups. Comparative interpretation was therefore
conducted thematically rather than statistically to avoid misleading quantitative
representation of overlapping professional roles.

The findings were organised into three interconnected dimensions: Aesthetic
Mediation, Creative Resilience, and Pedagogical Adaptation. Together, these themes
explain how HyperLearnX supports visual learning, adaptive digital practices, and

guided interaction within low-bandwidth art and design education contexts.

4.2 Overview of Data Analysis Process

The data analysis followed a systematic and reflexive qualitative process that

progressed through four clearly defined stages:

Transcription — Coding —Thematic Categorisation —Interpretation.

Each stage was designed to ensure analytic transparency, theoretical alignment,
and coherence with the study’s three research objectives. All interviews and focus-
group discussions were first transcribed verbatim in Arabic to preserve participants’
original expressions.

As part of the reflexive analytic process, the researcher maintained researcher
positionality memos to acknowledge how background, disciplinary training, and
proximity to the Yemeni context informed interpretation.

NVivo 12 was used to support the organisation and interrogation of the
qualitative data. The software facilitated the management of multilingual datasets
(Arabic transcripts, English translations, and summaries), enabling systematic
comparison across participant groups. Coding queries, node frequency counts, and
matrix coding were used to explore patterns across roles (students, educators,
technicians, and policymakers), strengthening analytic transparency and traceability.

This analytical process enabled the researcher to move beyond descriptive coding
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toward interpretive thematic understanding aligned with the study objectives and
research questions.

Data saturation was achieved when no new codes emerged after interview 32,
as similar patterns and themes were consistently repeated across all four participant

groups.

4.2.1 Data Collection Procedures

Semi-structured interviews and focus group sessions served as the main sources
of primary data collection. These were designed to foster dialogic exchange and deepen
participants’ reflections. Interview durations ranged from 30-60 minutes with
university students, 45—60 minutes with lecturers and interactive-video developers, and
45-120 minutes with government officials. The interview protocol explored
participants’ prior experiences with traditional and video-based learning, their
perceptions of hypertext-interactive video in visual and design education, aesthetic
requirements for clarity (e.g., colour harmony, on-screen text, visual pacing), perceived
infrastructural constraints, and low-tech adaptations relevant to the Yemeni context.
Participants were encouraged to elaborate on personal experiences, contextual
limitations, and pedagogical perceptions to generate rich qualitative insight relevant to
the study objectives.

The transcripts were then translated into English and summarised, producing
three parallel forms of data: full Arabic transcripts, English translations, and condensed
analytical summaries.

All versions were loaded into NVivo, enabling an initial cycle of open coding
to uncover repeated patterns and ideas, meaningful phrases, and emerging conceptual
patterns. To ensure accuracy and credibility, selected portions of the translated
transcripts and summaries were member-checked with participants.

The resulting codes were grouped into thematic categories; this thematic
progression facilitated the interpretation of empirical patterns as broader conceptual
dimensions relevant to hypertext video-based learning in low-resource environments.
reflecting deeper connections among the pedagogical, aesthetic, and technological
dimensions revealed in the data. An NVivo coding tree was developed to visualise these
relationships, showing how descriptive codes evolved into higher-level analytical

themes organised under:
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1. Aesthetic Mediation, corresponding to Research Question One: Current State
of Hypertext Video Use.

2. Creative Resilience, corresponding to Research Question Two: Perceptions of
the HyperLearnX System.

3. Pedagogical Adaptation, corresponding to Research Question Three:
Framework Development and Validation.

The analysis incorporated data from four participant groups: Creators and
Technicians of Interactive Video, Lecturers and Educators, University Students, and
Government Officials, thereby ensuring methodological triangulation and capturing a
wide spectrum of perspectives. This multi-layered data corpus enhanced the
trustworthiness of the thematic analysis and offered a comprehensive insight into how
hypertext interactive video operates across aesthetic, instructional, technical, and
institutional contexts.

Participants were coded based on functional roles rather than unique individuals.
Some participants contributed multiple perspectives across roles; therefore, NVivo
coding reflects “role instances” rather than individual counts, ensuring analytical
consistency across stakeholder groups. This approach was adopted to maintain thematic
consistency rather than numerical equivalence across overlapping roles.

Finally, the thematic structure was interpreted through Vygotsky’s sociocultural
theory, linking the empirical findings to broader concepts of mediated learning,
scaffolding, and collaborative meaning-making. This structure of codes and themes
helped form a clear interpretation of how hypertext-interactive video supports learning
in low-bandwidth environments. Triangulating four participant groups and using NVivo
added rigour, credibility, and contextual sensitivity to the analysis. The resulting three
overarching themes, Aesthetic Mediation, Creative Resilience, and Pedagogical
Adaptation, form the basis of the findings presented in the next sections. Each theme
represents a different aspect of mediated learning, but all remain interconnected within

the study’s sociocultural framework.

4.2.2 Observational Notes

Observational notes were recorded during the explanatory and demonstration
sessions conducted alongside the interviews. As no functional prototype or MVP of

HyperLearnX had yet been developed, participants were verbally introduced to the
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conceptual structure of the proposed hypertext video framework through illustrative
examples from an existing interactive video platform.

The observations focused on participants’ reactions to the explanation of
intended interaction mechanisms, including click interactions, hyperlinked navigation,
pause points, and adaptive learning pathways. Particular attention was given to
participants’ responses to the proposed low-bandwidth design considerations, such as
caching and buffering strategies intended to support smoother navigation and reduce
loading interruptions in constrained internet environments.

In addition, the demonstration and discussion sessions explored how
hyperlinked responses could conceptually support guided learning continuity and
alternative navigational pathways within hypertext video-based education. Although
these observations were not treated as independently coded datasets, they provided
contextual support that strengthened the interpretation and triangulation of interview
findings.

These observations were used solely as contextual support for interpreting
interview findings rather than as formal observational datasets for thematic coding.

The thematic analysis process involved the transformation of descriptive codes
into higher-level analytical themes aligned with the study objectives and research
questions. The final themes were systematically organised under three major

dimensions:

4.3 Research Question One: Current State of Hypertext Video Use

The following section presents findings related to Research Question One,
focusing on the current pedagogical and technological state of hypertext interactive
video use in Yemeni Art and Design education. The findings presented in this section
were interpreted through participants’ descriptions, reflective experiences, and
evaluative perceptions of hypertext-interactive video within Art and Design education
contexts.

Aesthetic Mediation: visual, sensory, and meaning-making processes in
hypertext-interactive video. This section examines how Hypertext video mediates
aesthetic meaning-making in the setting of colour theory instruction. HyperLearnX, see
index B, serves as more than just a technological resource; HyperLearnX acts as a visual

pedagogical medium where colour, motion, hyperlinks, and interface cues guide
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learners’ perception and understanding. From a Vygotskian perspective, these aesthetic
elements act as tools that guide attention, support interpretation, and shape students’

emotional and conceptual responses.

4.3.1 HyperLearnX Features and Visual Expression

Participants interacted with a demonstrative simulation of HyperLearnX core
features, rather than a fully implemented prototype. Although a full HyperLearnX
prototype was not yet implemented during data collection, participants interacted with
a demonstrative hypertext-interactive video that simulated its core visual and functional
principles. Their responses revealed that the medium was experienced not merely as a
delivery system but as a visually expressive environment structured around clarity,
harmony, and guided interaction.

Across participants, especially designers and educators, aesthetic elements such
as colour harmony, visual pacing, interface minimalism, and hyperlink transitions were
consistently described as central to engagement. AC1 (senior academic & technical
advisor) stated, “The choice of colours is very good, and the interface design is neat,
which made the questions and answers clear and easy to read.” In the same vein, GO3
noted that interactive summarisation “removes unnecessary repetition and keeps the
video efficient.” This response highlights the importance of aesthetic organisation in
supporting usability and conceptual clarity within hypertext-interactive video
environments. Participants consistently associated visual harmony and interface
simplicity with improved readability, engagement, and instructional coherence.

These findings support Research Question One by demonstrating how aesthetic
mediation contributes to the current pedagogical use of hypertext-interactive video in
Art and Design education.

From a usability standpoint, CT6 (master’s student in IT / Al) observed that “the
links and texts enhanced understanding and saved time,” pointing to the seamless
interplay between Colour-coded cues and conceptual navigation. Such responses
indicate how form and function intersect within hypertext-interactive video, where
aesthetic refinement directly supports cognitive processing.

This statement illustrates how participants perceived hyperlinked navigation not
merely as a technical feature but as a cognitive support mechanism that facilitated

efficient learning and conceptual accessibility.
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The finding contributes to Research Question One by revealing the relationship
between technological interaction design and pedagogical usability within low-
bandwidth educational environments.

The balance between minimalism and visual richness also emerged as a theme.
Participants valued the absence of clutter, the predictability of transitions, and the
intuitive placement of anchors, which collectively facilitated deeper attention to the

Colour concepts being taught.

4.3.2 Voices from the Field: Aesthetic Perception as Learning Narrative

Participants’ quotations reveal aesthetic mediation as a lived experience. Rather
than evaluating the video only in technological terms, many framed their responses in
emotional, sensory, or artistic language. AC7 (graphic design student) described the
video as “engaging, offering both practical and theoretical perspectives at the same
time,” explicitly linking visual presentation to pedagogical clarity.

In a group discussion, a student participant from the 15-member focus group
commented, “Honestly, it was very engaging. Usually, videos are long and boring, but
this one kept my attention.” Another student from the same focus group added: “The
interactivity forces you to think, not just watch.” A comment that illustrates how
interactive cues shift learners from passive viewing to active cognitive engagement.
These focus-group voices illustrate how interactive pacing and on-screen cues
transform passive viewing into active, reflective engagement.

Lecturers reinforced these impressions. AC5 (lecturer and head of the Graphics
Department, Sana’a University) emphasised that HyperLearnX “saves time, they watch
less but gain more information,” highlighting the convergence between aesthetic
organisation and pedagogical efficiency. Such convergence was echoed by other faculty
members who noted that clear visual sequencing and predictable interactive moments
reduced cognitive load and improved recall.

Collectively, these responses demonstrate that aesthetic mediation functions as
a pedagogical scaffold within hypertext-interactive video environments. Participants
associated colour harmony, visual sequencing, and interactive pacing with improved

concentration, reflective engagement, and conceptual understanding.
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From a sociocultural perspective, these aesthetic and interactive elements
operated as mediating tools that guided perception, supported meaning-making, and
encouraged active participation rather than passive viewing.

These findings directly address Research Question One by illustrating how
hypertext-interactive video is currently perceived and utilised as an aesthetic and

pedagogical learning medium within Yemeni Art and Design education contexts.

4.3.3 Recommendations for Enhancing Aesthetic Mediation

The aesthetic recommendations below are derived from participants’ reflections
and align to refine hypertext-interactive video as a visually expressive learning tool:

Strengthen colour harmony and visual coherence to guide learners intuitively
through conceptual sequences, especially in design-based subjects. Recommended by
ACI1 (senior academic and technical advisor). This recommendation indicates that
participants perceived visual coherence as an essential pedagogical mediator rather than
a purely aesthetic preference. The findings suggest that colour harmony and structured
visual sequencing support intuitive navigation and conceptual continuity within
hypertext-interactive learning environments.

This finding contributes to Research Question Two by demonstrating how
aesthetic organisation directly shapes learners’ perceptions of clarity, engagement, and
cognitive accessibility in colour theory instruction.

Maintain interface minimalism to prevent perceptual overload while preserving
the clarity of hyperlinks and interactive icons. Suggested by CT6 (Master’s student in
IT/AI). This response suggests that participants associated interface simplicity with
cognitive efficiency and sustained attention. The findings indicate that minimalist
interface structures reduce perceptual distraction and allow learners to focus more
effectively on conceptual and interactive elements. This finding contributes to Research
Question Two by illustrating how technological and aesthetic simplicity enhances
usability and supports more accessible interaction within hypertext-video learning
environments

Enhance sensory engagement through subtle visual cues (micro-animations,
highlight transitions) that support focus without distracting from core content.
Suggested by AC5 (Lecturer, Head of the Graphics Department). This recommendation

reflects participants’ understanding that subtle aesthetic motion can function as a
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cognitive guide within digital learning environments. The findings suggest that
controlled visual transitions help sustain attention and reinforce conceptual emphasis
without increasing cognitive overload.

This finding contributes to Research Question Two by demonstrating how
aesthetic interaction techniques influence learner engagement and perceptual focus in
art and design education.

Provide upfront orientation notes explaining how hyperlinks, questions, and
interactive pauses function, so students are not surprised by interactive moments.
Recommended by AC7 (Graphic Design student). This response indicates that learners
value procedural clarity before engaging with interactive educational systems. The
findings suggest that orientation and guidance reduce uncertainty and help students
adapt more confidently to non-linear learning structures.

This finding contributes to Research Question Two by showing how preparatory
instructional support improves learners’ acceptance and understanding of hypertext-
interactive video environments.

Offer adjustable resolution options (user-set) to harmonise aesthetic experience
across varying internet speeds. Requested by multiple students in the 15-participant
focus group. This recommendation demonstrates that participants perceived technical
flexibility as inseparable from aesthetic accessibility. The findings suggest that adaptive
resolution settings help preserve continuity of learning and visual clarity under unstable
bandwidth conditions.

This finding contributes to Research Question Two by highlighting the
importance of low-bandwidth adaptability as both a technological and pedagogical
requirement within Yemeni higher education contexts.

Participants’ aesthetic responses were based on conceptual explanations and
demonstrative interactions rather than prolonged real-use experience.

Integrate pedagogical buffering strategies, whereby short reflective questions or
micro-activities are displayed during video loading intervals, allowing content segments
to preload without interrupting the learning flow. This approach was recommended by
CT4 (PhD in Computer Science, academic and technical consultant), who further
emphasised that educational videos should be sourced from credible, peer-recognised,
and academically validated platforms to ensure both technical reliability and
instructional integrity. This recommendation reframes technical interruption as a

potential pedagogical opportunity. The findings suggest that buffering periods can be
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transformed into reflective learning moments through lightweight interactive prompts
and micro-activities. This finding contributes to Research Question Two by
demonstrating how technological constraints may stimulate adaptive pedagogical
innovation rather than simply limiting learning effectiveness.

Include multiple expert viewpoints or narrative figures to enrich the visual
conceptual narrative and enhance learner identification. Suggested by faculty members,
including AC5. This recommendation suggests that participants associated multiple
narrative perspectives with stronger learner identification and conceptual engagement.
The findings indicate that diversified expert voices may enrich interpretive
understanding and support broader learner connection with visual content. This finding
contributes to Research Question Two by illustrating how narrative diversity enhances
aesthetic mediation and learner-centred engagement in hypertext-interactive video.

These recommendations collectively demonstrate that aesthetic decisions within
hypertext-interactive video function as pedagogical mediators rather than decorative
enhancements. Participants consistently associated visual organisation, interaction
clarity, and adaptive interface design with improved comprehension, sustained
attention, and deeper meaning-making in colour theory learning.

This finding contributes to Research Question Two by showing how aesthetic,
pedagogical, and technological dimensions operate interdependently within hypertext-
video environments.

In summary, aesthetic mediation emerged not as a supplementary visual layer
but as an active cognitive and pedagogical mechanism shaping learner perception,
attention, and conceptual interpretation. Participants consistently described visual
sequencing, hyperlink structures, and guided interaction as elements that supported
reflective engagement rather than passive viewing.

These findings contribute to Research Question Two by demonstrating that
HyperLearnX operates as an integrated aesthetic—pedagogical environment in which
visual design and interaction collectively support meaning-making in colour theory
education.

Building on this aesthetic foundation, the next section (4.4) examines Creative
Resilience, how learners, educators, technicians, and institutions adapt and innovate in
response to infrastructural constraints in Yemen. Given the reliance on simulated

HyperLearnX features rather than a fully implemented prototype, participants’ aesthetic

73



responses were based on conceptual and demonstrative interactions rather than

prolonged real-use experience.

4.4 Research Question Two: Perceptions of the HyperLearnX System

This theme is directly linked to Objective 2: Exploring challenges and
opportunities in developing digital art learning in Yemen. Despite the aesthetic and
pedagogical promise of hypertext-interactive video, participants consistently
emphasised that meaningful adoption within Yemeni art and design education requires
navigating profound infrastructural, economic, and institutional constraints. Instead of
acting as barriers, these constraints often encourage creative resilience. They push
learners and educators to innovate, adapt tools, and rethink digital pedagogy under real-

world pressures.

4.4.1 Accessibility and Digital Inclusion

Consistent with the contextual challenges outlined in Chapters 1 and 2,
participants reiterated familiar issues related to unstable bandwidth, limited device
access, and the high cost of internet connectivity. However, in this study, these
challenges were not described merely as obstacles; rather, they shaped how learners and
educators creatively negotiated the use of hypertext-interactive video in real teaching
environments.

Students repeatedly emphasised that connectivity issues interrupt not only
access, but also the flow of aesthetic learning. A student from rural Taiz explained that
internet access is “only available at night.” This response illustrates how infrastructural
instability directly shapes learners’ educational routines and access patterns. The
findings suggest that students adapt their learning behaviours around connectivity
availability rather than around pedagogical preference.

This finding contributes to Research Question Two by demonstrating how
technological limitations influence the practical experience of hypertext-interactive
learning in Yemen. noting that materials must function offline for learning to continue.
This perspective appeared across many student voices, revealing how infrastructural

constraints directly influence the aesthetic—pedagogical experience.

74



Economic challenges were also significant. Several students reported that
purchasing additional internet bundles was simply unaffordable. This concern was
echoed by GOS5, an international accreditation specialist, who stressed that
“Infrastructure is limited to certain areas, and many of the target learners lack the
necessary internet access.” His observation highlights a recurring theme: any digital
learning model must adapt to the realities of low-resource environments rather than
expect learners to adjust to the technology.

This statement indicates that digital inequality remains a structural challenge
affecting educational participation. The findings suggest that successful hypertext-
video implementation depends on contextual adaptation to socio-economic realities
rather than reliance on high-resource technological assumptions.

This finding contributes to Research Question Two by highlighting how
perceptions of educational technology are shaped by accessibility, affordability, and
infrastructural distribution.

Despite these limitations, the data revealed strong evidence of creative
resilience. Lecturers such as ACS5, Head of the Graphics Department, proposed practical
adaptation strategies, pre-caching visual content, using low-resolution modes, and
designing lessons as short, interactive segments instead of long videos. These
suggestions illustrate how teachers actively reconfigure digital tools to preserve
aesthetic clarity while avoiding bandwidth overload.

These adaptive strategies demonstrate that participants did not perceive
constraints solely as barriers, but also as catalysts for pedagogical innovation. The
findings suggest that educators actively redesigned instructional approaches to preserve
both aesthetic continuity and learning accessibility under low-bandwidth conditions.

This finding contributes to Research Question Two by illustrating how creative
resilience emerges through context-sensitive adaptation and technological flexibility.

From a sociocultural standpoint, these adaptations represent mediated action
shaped by local constraints.

Learners reorganised their study habits around connectivity windows;
educators redesigned lessons to reduce data consumption; and technicians
recommended lightweight design solutions. Together, these practices demonstrate that
resilience emerges not despite constraints, but because of them, driving the development

of more inclusive forms of hypertext-video learning.
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Ultimately, this theme shows that accessibility in Yemen is not a purely
technical matter. It is a socio-economic and pedagogical reality that directly influences
how visual content is perceived, interacted with, and repurposed. The participants’
responses highlight how digital inclusion requires flexible design principles, ones that
can sustain aesthetic quality, reduce cognitive interruption, and remain functional under
unstable conditions. Taken together, these accounts show that issues of access are not
merely technical constraints but sociocultural conditions that directly influence how
aesthetic learning unfolds. Connectivity failures interrupt not only the delivery of
content but also the cognitive rthythm required for understanding Colour relationships
and visual structure. From a Vygotskian perspective, this disruption limits the
effectiveness of mediating tools, reducing opportunities for supported learning
occurring within the Zone of Proximal Development. Yet, the adaptive strategies
proposed by educators, such as pre-caching, low-resolution modes, and modular lesson
structure, demonstrate strong creative resilience. These findings highlight that inclusive
hypertext-video design in Yemen must prioritise low-bandwidth adaptability as a core

aesthetic and pedagogical requirement, not an optional technical enhancement.

4.4.2 Policy and Institutional Dimensions

Institutional and governmental stakeholders provided a broader perspective on
how macro-level constraints influence artistic and technological design choices. GO3
(Deputy Minister of Education) noted: “Higher education in Yemen suffers from the
absence of clear strategies, We need official recognition, inter-ministerial coordination,
and external support.”

This response reflects participants’ perception that technological innovation
alone is insufficient without institutional coordination and policy support. The findings
suggest that sustainable implementation of hypertext-interactive learning depends on
systemic alignment between educational leadership, infrastructure planning, and
pedagogical strategy.

This finding contributes to Research Question Two by demonstrating how
institutional conditions shape the feasibility and long-term sustainability of digital art

education initiatives.

76



University leaders echoed this, explaining in focus group discussions that even
when a technology proves pedagogically effective, successful implementation requires
“a clear framework, staff training, infrastructure, and equipment.”

These perspectives indicate that implementation is perceived as an
organisational ecosystem rather than a standalone technological intervention. The
findings suggest that staff readiness, training structures, and infrastructural
preparedness are essential mediating conditions for successful adoption.

This finding contributes to Research Question Two by highlighting the
institutional dimensions influencing perceptions of HyperLearnX implementation in
higher education contexts.

These institutional realities translate directly into the design of hypertext-
interactive video. Emphasis on interface simplicity, Arabic localisation, and predictable
navigation arose not only from aesthetic preference but also from institutional capacity.
Thus, creative resilience in Yemen includes institutional creativity, the reimagining of

policy, training, and resource allocation to support digital art education.

4.4.3 Technical Dimensions and Creative Adaptation

Technical challenges such as compression, caching, server hosting, and device
compatibility were highlighted by technical experts as decisive in shaping feasible
hypertext-interactive video design. AC2 (Head of the Computer Science Department,
Saba University) emphasised: “We need compression that works for mobile bandwidth;
otherwise, students cannot even load the lecture.” Similarly, GO2 (IT Director,
University of Sana’a) stressed the importance of caching: “Without caching, students
in rural areas cannot continue when the network drops.”

This response demonstrates that technical optimisation is perceived as
fundamental to educational accessibility rather than merely a backend engineering
concern. The findings suggest that compression and caching mechanisms directly
influence whether learners can participate consistently in hypertext-interactive learning
environments.

This finding contributes to Research Question Two by illustrating how
technological infrastructure shapes perceptions of usability, continuity, and inclusion.

These insights position technical frictions not as obstacles but as design drivers.

They compelled the development of solutions that preserve visual integrity, such as
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colour accuracy, hyperlink visibility, and rhythmic visual pacing, despite challenging
infrastructure.

The HyperLearnX model embodies this necessity-driven innovation. Its
features, including SmartZone Compression, adaptive streaming, and lightweight
hypertext layers, were conceptualised specifically to maintain aesthetic—pedagogical
coherence in low-bandwidth environments. These technical components are presented
as conceptual framework features informed by participant perspectives, rather than
validated engineering solutions (See Appendix B for copyright registration and full
model description.)

These constraints became opportunities to improve the design, showing that
efficiency and aesthetic clarity can reinforce each other.

In sum, creative resilience in Yemen emerges from the interplay of technical
constraints, socio-economic realities, and institutional structures. Instead of diminishing
digital art education, these challenges have compelled learners, educators, technicians,
and policymakers to develop adaptive, innovative practices that reshape hypertext-

interactive video into a sustainable medium for visual learning.

4.4.4 Implementation Pathways in Constrained Contexts: Creative Practice
under Structural Limitations

Implementation within constrained contexts such as Yemen cannot be
conceptualised as a linear or purely technical process of adoption. Instead, it manifests
as a layered creative practice, continuously shaped by institutional constraints,
infrastructural fragility, and the agency of human actors. Participants representing
technical, educational, and governmental sectors consistently described implementation
not as the straightforward “deployment” of hypertext-interactive video, but as an
ongoing process of artistic and pedagogical negotiation. Within this process, design
decisions were deeply intertwined with contextual realities rather than detached
technological considerations.

For stakeholders operating in unstable and resource-limited digital
environments, implementation pathways were articulated as adaptive ecosystems rather
than fixed or standardised models. These pathways relied on incremental
experimentation, collaborative improvisation, and a contextual redefinition of what

constitutes “effective” digital learning under structural constraints. Consequently,
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HyperLearnX was not perceived by participants as a finalised technological artefact.
Rather, it was understood as a flexible design logic, one that remains open to evolution

through situated practice and continuous contextual adaptation.

4.4.4.1 Implementation as Creative Negotiation

Dr Hesham, Head of the Computer Science Department at Saba University,
articulated implementation as a balancing act between visual ambition and
infrastructural feasibility. He emphasised that “any system we adopt must first survive
the bandwidth reality before it can succeed pedagogically.” This statement reframes
implementation as an act of creative filtering, where aesthetic intentions must pass
through technical thresholds to remain viable.

This statement reflects the perception that implementation success depends first
on contextual survivability before pedagogical sophistication. The findings suggest that
technological feasibility operates as a prerequisite for meaningful educational
interaction in constrained environments.

This finding contributes to Research Question Three by demonstrating how
contextual realities informed the conceptual logic underlying HyperLearnX
development.

Rather than perceiving this as a limitation, AC2 framed constraint as a
productive design force. Compression, caching, and modularisation were not
afterthoughts but foundational to the visual and interactive structure of hypertext-
interactive video. This perspective aligns with design practices in constrained media
environments, where form is shaped by scarcity and where clarity becomes an aesthetic
necessity.

Similarly, GO2, IT Director at the University of Sana’a, stressed that
implementation must prioritise continuity over perfection. “If the system cannot recover
when the network drops,” he explained, “students simply disappear.” His emphasis on
caching mechanisms and lightweight interaction highlights implementation as an
invisible design layer, one that sustains learning flow even when visual engagement is
intermittently interrupted. In this sense, implementation becomes a form of backstage
artistry, preserving rhythm and coherence beneath unstable conditions. This response
highlights how technical interruption can directly disrupt educational continuity and

learner retention. The findings suggest that caching and lightweight interaction are not
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merely technical optimisations but pedagogical safeguards supporting sustained
engagement. This finding contributes to Research Question Three by illustrating how

infrastructural realities shaped framework-level design priorities within HyperLearnX.

4.4.4.2 Institutional Pathways and Design Ecosystems

At the institutional level, implementation pathways were strongly shaped by
organisational capacity and policy alignment. GO3, Deputy Minister of Education,
framed digital implementation within a broader systemic vacuum. He noted that higher
education institutions in Yemen often operate without unified digital strategies, making
individual initiatives vulnerable despite their pedagogical value. “Without recognition
and coordination,” he argued, “even the best systems remain isolated experiments.”

This insight reveals that implementation is not solely a technical or artistic
matter but an institutional choreography involving policy endorsement, administrative
support, and capacity building. University leaders echoed this view during focus group
discussions, emphasising that implementation requires training ecosystems, not just
tools. One senior administrator described successful digital initiatives as those that
“grow inside the institution rather than being imported from outside.”

From this perspective, HyperLearnX’s implementation pathway was perceived
as compatible with incremental institutional integration. Its modular structure allowed
departments to adopt components gradually, first as supplementary visual resources,
later as interactive learning modules without demanding immediate systemic overhaul.
This gradualism was viewed as essential in contexts where institutional resilience is

uncven.

4.4.4.3 Human Agency and Distributed Authorship

Beyond infrastructure and policy, participants repeatedly emphasised the central
role of human agency in shaping implementation outcomes. Lecturers, technicians, and
students were not passive recipients of the system but co-authors of its operational
meaning.

ACS, Head of the Graphics Department at Sana’a University, highlighted the
importance of lecturer-driven adaptation. She explained that instructors often re-

sequence content, pause videos strategically, or supplement interactive segments with
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live discussion to align with classroom realities. “The video does not teach alone,” she
stated. “It becomes effective when the teacher reshapes it.”

This perspective suggests that participants viewed pedagogical adaptation as a
collaborative and context-sensitive process rather than a fixed technological procedure.
The findings indicate that the educational value of hypertext-interactive video depends
not only on system design, but also on the instructor’s ability to reshape interaction
according to classroom realities and learner needs.

This insight contributes to Research Question Three by demonstrating that the
proposed HyperLearnX framework requires flexible educator-led adaptation
mechanisms to remain pedagogically effective within diverse and resource-constrained
learning environments.

This approach positions implementation as a form of distributed authorship,
where pedagogical ownership is shared between designer, instructor, and learner.
Rather than undermining the integrity of the system, this redistribution of control
enhances its contextual relevance. It allows hypertext-interactive video to function as a
living artefact responsive to human interpretation rather than fixed instruction.

Students also contributed to shaping implementation pathways. A student from
the focus group described how peers shared downloaded segments offline via mobile
devices, creating informal learning networks beyond institutional platforms. Such
practices demonstrate how learners extend implementation beyond formal design
intentions, transforming hypertext-interactive video into a social object circulating
through peer economies.

These practices reveal that learners were not passive consumers of digital
content, but active participants in extending the educational ecosystem beyond formal
institutional structures. Informal peer-sharing practices illustrate how hypertext-
interactive video can acquire social and collaborative dimensions in constrained
environments.

This finding contributes to Research Question Two by showing how students
perceive interactive video as a flexible and socially adaptable learning medium capable

of sustaining engagement despite infrastructural limitations.
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4.4.4.4 Design Decisions under Constraint

Implementation in constrained contexts requires constant artistic decision-
making under pressure. Participants described these decisions as moments where
aesthetic desire confronts technical reality.

ACl, a senior academic and technical advisor, reflected on the tension between
visual richness and clarity. He noted that while designers may aspire toward complex
visual layering, “clarity must come first when the screen is small and the connection
weak.” This prioritisation reframes minimalism not as a stylistic preference but as an
ethical design stance, one that respects the cognitive and material limits of learners.
This response reflects how aesthetic decision-making within low-bandwidth
environments becomes closely tied to usability and cognitive accessibility. Participants
did not perceive minimalism as merely a visual style, but as a pedagogical necessity
that supports clarity, readability, and sustained engagement under constrained
conditions. This finding addresses Research Question Two by illustrating how aesthetic
and technological considerations become interconnected in participants’ perceptions of
hypertext-interactive video design.

Such decisions were echoed by CT6, a master’s student, who emphasised that
“saving time and data” was as important as visual appeal. His observation underscores
how implementation pathways are shaped by micro-level decisions about link density,
colour contrast, and navigation logic. These choices collectively determine whether the
system remains accessible or becomes exclusionary.

Importantly, participants did not advocate for the elimination of aesthetic
ambition. Instead, they argued for a recalibration of artistic values, one where precision,
rhythm, and intentional restraint replace visual excess. In this sense, constraint becomes
an aesthetic framework rather than a barrier.

Rather than rejecting aesthetic richness, participants advocated for a recalibrated
visual strategy in which restraint, pacing, and navigational clarity become part of the
artistic language of digital learning itself. This reflects a shift from decorative aesthetics
toward functional aesthetic mediation.

This interpretation contributes to Research Question Three by informing the
design logic underlying the HyperLearnX framework, particularly in relation to

adaptive visual design for low-resource educational settings.
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4.4.4.5 Implementation as Process, Not Event

Across interviews, implementation was consistently described as an ongoing
process rather than a one-time deployment. GOS, an international specialist in education
quality and accreditation, emphasised that digital systems must evolve through
feedback loops to remain pedagogically legitimate. He argued that implementation
should be “auditable, adaptable, and aligned with outcomes,” particularly in creative
disciplines where learning is experiential.

This perspective frames implementation as an iterative and continuously
negotiated process rather than a finalised technological deployment. Participants
emphasised that sustainability depends on ongoing refinement, evaluation, and
contextual responsiveness. This insight contributes to Research Question Three by
supporting the conceptualisation of HyperLearnX as an adaptive framework capable of
evolving through institutional feedback and situated pedagogical practice.

This view aligns with HyperLearnX’s conceptual positioning as a framework
rather than a static product. Participants perceived its implementation pathway as
iterative, beginning with demonstrative simulations, followed by partial adoption, and
eventually scaling through refinement. Such a trajectory mirrors artistic practice, where
prototypes, critiques, and revisions are integral to creative development.

From a sociocultural perspective, this iterative implementation reflects mediated
action unfolding over time. Tools are not simply introduced; they are domesticated,
contested, and reshaped through use. In Yemen’s context, where educational continuity
is frequently disrupted, this temporal flexibility becomes essential for sustainability.
The findings suggest that technological tools acquire educational meaning gradually
through interaction, adaptation, and contextual integration. In the Yemeni context,
sustainability was perceived less as technological sophistication and more as the
capacity for continuous pedagogical adjustment under unstable conditions. This
interpretation reinforces Research Question Three by demonstrating how contextual

adaptability became a foundational principle in the proposed framework development.

4.4.4.6 Contextualising Implementation within Creative Resilience

Ultimately, the implementation pathways described by participants exemplify

creative resilience in action. Constraints related to bandwidth, policy, and resources did
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not halt innovation; instead, they redirected it toward context-sensitive solutions.
Implementation became a site where creativity, pragmatism, and collaboration
intersected.

Rather than striving for technological parity with high-resource environments,
participants articulated a different metric of success, one grounded in usability,
continuity, and meaning-making. Hypertext-interactive video was valued not for its
novelty but for its capacity to endure within instability.

Participants consistently reframed success in terms of continuity, usability, and
contextual relevance rather than technological complexity. This indicates that
educational innovation in constrained environments is evaluated according to
sustainability and accessibility rather than visual sophistication alone.

This finding contributes to Research Question Two by revealing how
participants perceived creative resilience as a practical response to infrastructural
instability within digital art education.

This reframing positions implementation as an aesthetic—pedagogical practice
embedded in lived conditions. It highlights how creative resilience is enacted through
everyday decisions, institutional negotiations, and human improvisation. Within this
ecosystem, HyperLearnX operates not as an external intervention but as a locally
interpretable design logic, one that adapts as conditions evolve.

In this way, implementation pathways in constrained contexts reveal more than
logistical strategies; they expose how digital art education can be reimagined through
adaptive creativity. By foregrounding human agency, institutional dynamics, and
artistic decision-making under constraint, this theme demonstrates that meaningful
implementation is not achieved by overcoming limitations, but by designing with them.

Building on this foundation of resilience and adaptive design, the next section
(4.5) examines pedagogical adaptation, how interactive video enables new forms of
engagement, scaffolding, and collaborative meaning-making in art and design

education.

4.5  Research Question Three: Framework Development and Validation

Linked to the third Objective, the Hypertext-interactive video operated in this
study not merely as a digital medium but as a pedagogical aesthetic artefact that

reorganises how learners perceive and interpret visual concepts. Participants repeatedly
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emphasised that structured pacing, colour cues, and interactive decision points created
a guided learning pathway similar to the scaffolding processes described in Vygotsky’s
sociocultural theory. Pedagogical adaptation in this context emerges from the interplay

between cognitive mediation, aesthetic structuring, and guided interaction.

4.5.1 Vygotskian Scaffolding and Cognitive Mediation

Although participants did not reference Vygotsky explicitly, their descriptions
strongly aligned with the principles of mediated learning and the Zone of Proximal
Development (ZPD). HyperLearnX’s segmented pacing, visual emphasis, and
embedded questions acted as digital scaffolds that supported learners through complex
visual tasks.

Lecturers noted that interactive checkpoints helped reduce hesitation common
in physical classrooms. CT1(Dean, Faculty of Computer Science, Sana’a University)
highlighted that students benefit from the ability to rewatch ambiguous sections,
enabling self-paced progression within their ZPD. Similarly, AC2 (Head of Computer
Science, Saba University) emphasised that concise explanations and integrated
questions “guide students along a clearer path,” reducing overload and supporting
focused processing.

These responses indicate that participants perceived interactive video not simply
as a content-delivery tool, but as a structured cognitive support system capable of
guiding learners progressively through complex visual concepts. Segmentation and
embedded prompts were understood as mechanisms that reduce cognitive overload
while sustaining conceptual focus.

This finding contributes to Research Question Three by demonstrating how the
proposed framework integrates scaffolding principles into hypertext-interactive
learning design.

Students confirmed these effects. In the 15-student focus group, many described
the video as “guiding me step by step” or “making me think, not just watch,” signalling
a shift from passive viewing to active cognitive mediation. Hyperlinks and micro-
prompts acted as symbolic tools that directed attention and reinforced the conceptual
clarity of the core functions of Vygotskian scaffolding. Immediate feedback also

enhanced self-regulation.
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Elyas Al-Majedi (Master of Science in Information Technology with a
Specialisation in Artificial Intelligence) viewed real-time corrections as essential for
refining understanding. ST1 (Mechatronics) described embedded questions as
“measuring the student’s level of understanding,” mirroring formative assessment.

At the same time, ministry officials and several students stressed that such
videos complement rather than replace the teacher, affirming Vygotsky’s view of the
expert’s central role in guiding conceptual development.

Overall, HyperLearnX created a layered scaffolding environment: Aesthetic
scaffolding, consistent Colour cues and visual hierarchy, cognitive scaffolding:
segmentation, summarisation, and interactive prompts, and social scaffolding: teacher-
embedded guidance and feedback loops.

This multimodal structure supported learners’ progression toward expert-like
understanding in colour theory under low-bandwidth constraints.

These pedagogical insights reveal how hypertext-interactive video restructures
the learning pathway by transforming explanations into guided, scaffolded steps.
Students’ descriptions of “being guided” and “thinking, not watching” indicate a shift
toward mediated cognitive engagement, an essential element of Vygotskian scaffolding.
In Yemen’s learning environments, where teacher-student interaction is often
constrained by large class sizes and limited resources, such digital scaffolding becomes
a practical extension of expert guidance. This positions HyperLearnX not as a
replacement for the instructor but as a complementary mediating artefact that enhances

clarity, supports self-regulation, and reduces cognitive overload.

4.5.2 Educational Value and Artistic Learning Outcomes

Participants saw the educational value of hypertext-interactive video in its
ability to integrate aesthetic design and pedagogical function, an essential combination
in art and design education. AC5 (Head of Graphics Department, Sana’a University)
observed that students pointed to the role of visual clarity and controlled pacing in
deepening learning.

Students noted that hyperlinks enhanced visual comprehension by allowing
fluid movement between theoretical and applied elements. AC7 (Graphic Design
student) described the hyperlinks as a “mini-library inside the video,” offering

immediate reference without cognitive disruption. Interactive features also boosted
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motivation, attention, and creative curiosity. This description illustrates how
participants perceived hyperlinks as extensions of conceptual exploration rather than
interruptions to the learning process. The integration of supplementary visual references
within the video environment supported continuity of attention and reduced cognitive
fragmentation. This finding contributes to Research Question Two by demonstrating
how learners perceived hypertext-interactive video as simultaneously informative,
navigational, and aesthetically supportive.

ST2 (Graphic Design graduate) emphasised that questions “make students
participate actively,” echoing Vygotskian ideas that engagement deepens through
agency and exploration. From a broader academic and policy perspective, educational
value was tied to outcome-based alignment.

Participants associated interactivity with increased agency, engagement, and
exploratory learning behaviour. Rather than functioning as passive observers, learners
became active contributors to meaning-making through guided interaction and
reflective participation.

This interpretation supports Research Question Three by reinforcing the
framework’s emphasis on participatory and scaffolded learning processes.

GO5 (International Specialist in Education Quality and Accreditation) stressed
that digital learning models, HyperLearnX included, must link aesthetic and interactive
features to clear learning outcomes, especially in creative fields where students must
develop conceptual, perceptual, and expressive competencies. Together, these insights

indicate that HyperLearnX supports:

1. Visual comprehension through aesthetic clarity and controlled visual
thythm.

2. Cognitive engagement through interactive questioning and structured
segmentation.

3. Creative learning outcomes by stimulating exploration and reducing
barriers to participation.

4. Aesthetic pedagogy, where artistic form and instructional design

reinforce one another to support meaning-making in colour theory.
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In summary, HyperLearnX represents a contemporary pedagogical approach
where cognitive mediation, sociocultural interaction, and digital aesthetics converge,
enabling equitable, motivating, and intellectually generative learning experiences in
low-bandwidth contexts. These outcomes reflect Vygotsky’s principle that learning
increases when tools provide mediated guidance, enabling students to operate within

their ZPD more effectively.

4.5.3 Pedagogical Choreography: Interaction as Artistic Guidance

Pedagogical adaptation within HyperLearnX was consistently described by
participants as diverging from conventional instructional sequencing toward a model of
guided interaction. This perspective was articulated most clearly by GO1, Executive
Director of the Higher Education Information Technology Centre, who reflected on the
limitations of traditional online delivery during the COVID-19 period. Drawing on that
experience, he emphasised that effective digital learning technologies must move
beyond linear transmission and instead actively structure learner engagement. His
assessment positions HyperLearnX as a system where learning progression is shaped
through interaction rather than continuous exposition.

This orientation was reinforced by AC6, a university lecturer, who described
interactive video not as a substitute for teaching but as a pedagogical aid that enables
instructors to guide students more effectively, particularly when learners struggle or are
absent. His remarks suggest that interaction operates as a form of pedagogical steering,
directing attention and reinforcing understanding at specific moments rather than

delivering content in an uninterrupted flow.

4.5.3.1 Interaction as Temporal Guidance

The role of interaction as a temporal organiser was highlighted explicitly by
CT5, Java Developer at Arvato Systems Malaysia. He identified buffering and loading
interruptions as a critical source of learner frustration in Yemen’s digital environment,
arguing that uninterrupted playback is rarely feasible. Instead of treating these pauses
as failures, he proposed transforming them into interactive moments through embedded
questions that allow subsequent content to load in the background. This reframing

situates temporal interruption as a deliberate pedagogical mechanism rather than a
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technical flaw. This perspective reframes technical interruption as a pedagogically
usable moment rather than a system failure. Participants perceived interaction during
buffering periods as a strategy for preserving engagement and reducing frustration
within unstable digital environments.

This finding contributes to Research Question Three by informing adaptive
interaction strategies within the HyperLearnX framework for low-bandwidth contexts.

A similar perspective emerged from CT4, PhD in Computer Science, who
conceptualised buffering periods as potential learning intervals. He suggested that
interactive prompts presented during loading time could reduce frustration while
simultaneously reinforcing conceptual understanding. His proposal redefines time not
as lost instructional space but as an opportunity for cognitive engagement, aligning
interaction with rhythm rather than speed.

Together, these accounts demonstrate that temporal pauses within HyperLearnX
are not random or disruptive. Instead, they are positioned by design and by pedagogical
intent at moments where learners are most likely to disengage. Interaction thus
functions as temporal guidance, regulating pace, sustaining attention, and preventing

cognitive overload.

4.5.3.2 Interaction as Creative Direction Rather than Evaluation

Several participants stressed that interaction becomes pedagogically effective
only when it is not experienced as assessment. ST2, a Bachelor’s student in Graphic
Design, emphasised that embedded questions strengthened understanding precisely
because they were integrated naturally into the learning flow rather than presented as
formal tests. She described interaction as reinforcing information and reducing
repetition, particularly in group learning contexts where students may hesitate to ask
questions.

Similarly, feedback from the student focus group indicated that interaction
“forces you to think, not just watch,” highlighting its role in activating cognition rather
than measuring performance. These observations position interaction as creative
direction, guiding learners toward reflection and decision-making without invoking the
pressure typically associated with evaluation. Students perceived interaction as a

reflective and cognitively activating process rather than a mechanism of surveillance or
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formal testing. Interactive prompts encouraged attentional engagement and conceptual
processing without disrupting the aesthetic continuity of the learning experience.

This interpretation contributes to Research Question Two by demonstrating how
learners experienced interactive video as supportive, engaging, and cognitively
stimulating.

From a pedagogical choreography perspective, these interactive cues operate
like signals within a performance: subtle, timely, and purposeful. They guide attention
and meaning-making without interrupting the aesthetic continuity of the learning

experience.

4.5.3.3 Educator-Led Choreography and Adaptive Use

The adaptive nature of pedagogical choreography was particularly evident in the
reflections of ACS5, Head of the Graphics Department at Sana’a University. She
emphasised that interactive videos are effective only when instructors actively reshape
their use by pausing playback, re-sequencing segments, or integrating discussion. Her
assertion that “the video does not teach alone” situates the educator as a choreographer
who orchestrates interaction within broader pedagogical contexts. This response
highlights the continued importance of instructor mediation within digitally supported
learning environments. Participants viewed interactive video as most effective when
integrated into broader pedagogical practices shaped by educator interpretation and
contextual adaptation.

This finding contributes to Research Question Three by reinforcing the
framework’s hybrid pedagogical structure, where technological guidance remains
interconnected with human instructional agency.

This view was echoed by AC1, who highlighted the importance of clarity,
Colour choice, and interface simplicity in sustaining engagement, particularly in
technical and digital arts disciplines. He noted that interactive videos reduce
unnecessary repetition in live lectures, suggesting that choreography occurs not only
within the video but across the entire teaching process.

These accounts collectively frame pedagogical choreography as a distributed
practice. Interaction is designed into the system, but its educational impact is realised

through instructor interpretation and contextual adaptation.
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4.5.3.4 Interaction as Artistic Guidance in Constrained Contexts

Within Yemen’s constrained digital environment, interaction was repeatedly
valued for its ability to maintain engagement under instability. CT1, Dean of the Faculty
of Computer Science at Sana’a University, emphasised that lightweight interactive
videos enable students in low-bandwidth contexts to benefit without continuous
connectivity. His focus on minimal file size while preserving interactivity underscores
how pedagogical choreography must align with infrastructural realities.

Rather than pursuing uninterrupted visual spectacle, participants advocated for
intentional restraint where interaction guides learning through precision and timing.
This recalibration resonates strongly with digital arts practice, where minimalism and

clarity are often necessary conditions for meaning to emerge.

4.5.3.5 Reframing Pedagogical Adaptation

Taken together, these participant accounts demonstrate that pedagogical
adaptation within HyperLearnX operates as a form of choreographed guidance.
Interaction functions as an artistic gesture directing attention, regulating rhythm, and
supporting reflection rather than as a mechanism of control or assessment.

By grounding pedagogical choreography in named participant experiences, this
theme illustrates how interaction becomes meaningful not through abstraction, but
through situated practice. In contexts of constraint, HyperLearnX does not merely
deliver content; it guides learning through design choices informed by human insight,
technical reality, and creative pedagogy.

This finding reinforces Research Question Three by demonstrating that
pedagogical adaptation within HyperLearnX emerges through the interaction between
contextual realities, educator agency, and adaptive design logic.

From Pedagogical Adaptation to Human & Organisational Facto examined
pedagogical adaptation as a design-driven and interaction-centred process, emphasising
how learning guidance within HyperLearnX emerges through choreographed
interaction, aesthetic restraint, and educator-led interpretation. However, participants’
accounts consistently indicated that pedagogical effectiveness alone does not guarantee

sustainable adoption.
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As the analysis moves forward, it becomes evident that pedagogical
choreography is inseparable from the human and organisational environments in which
it is enacted. Decisions related to training, institutional support, leadership priorities,
and policy alignment directly shape whether adaptive pedagogical models can be
realised in practice. Consequently, the discussion now extends beyond instructional
design to examine Human & Organisational Factors, focusing on how beliefs,
capacities, institutional structures, and systemic constraints mediate the translation of

pedagogical innovation into operational reality.

4.5.4 Adaptive Assessment as Reflective Practice

Assessment within HyperLearnX was framed by participants not as a terminal
act of measurement, but as an adaptive process embedded within the learning journey.
Rather than functioning as a summative endpoint, assessment emerged as a reflective
mechanism that supports learning progression, alignment with outcomes, and
pedagogical coherence.

This perspective was articulated by GOS, an international specialist in education
quality and academic accreditation, who emphasised that digital learning systems must
remain outcome-oriented while allowing for staged progression. Drawing on his
experience with international accreditation standards, he argued that assessment should
verify whether learners are achieving incremental learning objectives rather than merely
assigning grades. His remarks position assessment as a diagnostic and developmental
practice, one that informs both learner and instructor about the effectiveness of
instructional design. This perspective positions assessment as an ongoing reflective
process embedded within learning progression rather than as an isolated evaluative
event. Participants emphasised the importance of adaptive assessment mechanisms that
support continuous improvement, responsiveness to feedback, and alignment with
intended learning outcomes. This finding contributes to Research Question Three by
informing the framework’s assessment logic as a pedagogically integrated and context-
sensitive process.

From an instructional standpoint, ACI highlighted that interactive video
systems reduce unnecessary repetition common in traditional lectures. While his
commentary focused on instructional efficiency, it also implies a shift in assessment

logic: when learning content is already refined and focused, assessment becomes less
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about repetition and more about confirming conceptual clarity. In this context, adaptive
assessment supports pedagogical precision rather than content volume.

Several lecturers emphasised that assessment within interactive systems must
remain lightweight and non-intrusive, particularly in constrained environments. AC6
noted that educational technologies become counterproductive when they impose
additional cognitive or administrative burdens on instructors. His reflections suggest
that adaptive assessment should be integrated seamlessly into the learning flow,
enabling instructors to monitor understanding without disrupting teaching rhythm.

At the institutional level, focus group discussions with government officials
revealed that assessment practices play a crucial role in legitimising digital education
initiatives. Participants stressed that any mandated adoption of digital learning must be
accompanied by clear assessment frameworks, staff training, and alignment with
national regulations. In this sense, adaptive assessment operates not only at the
classroom level but also as an organisational assurance mechanism signalling academic
rigour and accountability. These responses indicate that assessment was also perceived
as an institutional legitimacy mechanism capable of strengthening trust in digital
learning implementation. Assessment, therefore, operated simultaneously at
pedagogical and organisational levels. This interpretation contributes to Research
Question Three by demonstrating how assessment practices support both instructional
adaptation and institutional accountability within the proposed framework.

Importantly, participants did not conceptualise adaptive assessment as a
replacement for formal evaluation systems. Instead, it was described as a
complementary layer that prepares learners for institutional assessment while
preserving pedagogical flexibility. This layered approach mirrors practices in creative
disciplines, where formative critique and reflective iteration precede formal evaluation.

Within HyperLearnX, adaptive assessment thus functions as a reflective practice
embedded in design. It enables learners to engage with content iteratively, allows
instructors to adjust guidance responsively, and supports institutional confidence in
digital delivery. By prioritising reflection over surveillance and alignment over control,
assessment becomes an extension of pedagogical adaptation rather than an external
imposition. Table4.1 presents the alignment between the literature review, empirical
findings, and the development of the HyperLearnX framework components. The table

demonstrates how themes identified in Chapter Two informed the analytical
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interpretation of qualitative findings and subsequently contributed to the conceptual and

pedagogical structure of the proposed framework.
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Table4.1

Alignment Between Literature Review, Empirical Findings, and HyperLearnX Framework Components

Literature (Chapter 2)

Finding (Chapter 4)

Framework Element

Interactive video evolution and pedagogical limitations in
digital education (Section 2.2, 2.2.1)

Interactive video in developing contexts (Yemen,
infrastructure, accessibility issues) (Section 2.2.2, 2.4.2)

Hypertext video in Art & Design education and colour theory
(Section 2.2.3,2.4,2.4.1)

Research gaps in interactive video design, pedagogy, and
learner interaction (Section 2.2.4, 2.4.3)

Technological dimensions (bandwidth, compression, video
quality, platform issues) (Section 2.3)

Vygotsky Sociocultural Theory + mediation tools (Section
2.6)

Interactive vs linear video comparison (Section 2.6.1, 2.5)

Digital education strategies in developing contexts (Section
2.7)

Hypertext video is currently used in a limited, semi-linear, and
under-theorised manner in Art and Design education

Strong digital divide, low bandwidth, and lack of structured digital
policies affect usability and access

Hypertext video enhances visual cognition, engagement, and
conceptual understanding in colour theory

Lack of learner agency, weak interaction design, and missing
engagement structures were identified

Technical constraints directly affect accessibility, interactivity, and
learning continuity

Learning is socially mediated; hypertext video functions as a
scaffolding tool within ZPD

Hypertext video outperforms linear/embedded video in engagement
and navigation flexibility

Need for low-cost, scalable, adaptive frameworks suitable for low-
resource environments

Pedagogical Use Diagnosis
Contextual Constraint Layer
Aesthetic—Cognitive
Engagement Layer
Interaction Design Gap Layer
Technical Infrastructure Layer
Theoretical Foundation
(Sociocultural Mediation)

Interaction Design Principle

Framework Context Adaptation
Principle
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Collectively, the analytical relationships presented in the table illustrate how
empirical insights informed the conceptual refinement and structural organisation of the

HyperLearnX framework.

4.6 Toward an Integrated Framework for Art and Design Education

4.6.1 Synthesising the Three Dimensions

The findings from the previous sections point toward a cohesive understanding
of how hypertext-interactive video can support art and design education in low-
bandwidth environments such as Yemen. Although the analysis was organised into
three main dimensions: Aesthetic Mediation, Creative Resilience, and Pedagogical
Adaptation, participants’ experiences showed that these dimensions do not operate
separately. Instead, they work together to form an interconnected learning environment
where visual design, technical adaptation, and guided interaction reinforce one another.
The findings suggest that HyperLearnX is not dependent solely on centralised
institutional implementation. Rather, its modular and lightweight structure enables
gradual educator-led adoption, allowing lecturers and small departments to adapt and
apply components independently, even in the absence of large-scale policy support.

From an aesthetic perspective, participants consistently emphasised that visual
clarity, Colour harmony, intuitive hyperlink placement, and the overall visual clarity of
the interface played a major role in helping them understand colour theory. These visual
qualities were perceived not simply as “design choices” but as essential elements that
made the learning process smoother, more enjoyable, and more meaningful. Students
and lecturers described how the visual pacing of brief segments, clear transitions, and
minimal clutter reduced distraction and made complex ideas easier to grasp.

Alongside these aesthetic factors, the technical realities of the Yemeni context
had a strong influence on how participants engaged with the video. As discussed earlier,
bandwidth limitations affect engagement, particularly in rural areas, and variations in
device quality were recurring concerns across interviews. Rather than weakening the
experience, these constraints encouraged participants to approach digital learning
creatively. They imagined versions of the hypertext-interactive video that could be
accessed offline, compressed efficiently, or presented in short, modular units. These
ideas reflect a broader form of creative resilience, where limitations become drivers for

practical, context-aware innovation.
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Pedagogically, the hypertext-interactive video helped learners move through
content in a guided, step-by-step manner. Embedded questions, segmented
explanations, and the ability to revisit specific points allowed students to regulate their
own learning, which aligns closely with Vygotsky’s concepts of the Zone of Proximal
Development and scaffolding. Teachers echoed this, noting that the video supported
attention, motivation, and conceptual clarity, particularly in a subject like Colour
Theory, where visual examples and immediate feedback are essential.

When combined, these three dimensions form a holistic system. Aesthetic
structure guides the learner’s perception; pedagogical scaffolding supports cognitive
progression; and creative resilience ensures that the system remains functional and
accessible within the challenges of the local environment. Together, they illustrate how
hypertext-interactive video can evolve into a comprehensive learning model that
respects both the artistic nature of the subject and the technological realities of the
context. This convergence suggests that participants did not perceive aesthetic quality,
pedagogical structure, and technical feasibility as isolated design components. Rather,
these elements were experienced as interdependent conditions that collectively shaped
engagement, comprehension, and continuity of learning. The findings, therefore,
indicate that effective hypertext-interactive video design in Yemeni higher education
depends on balancing visual meaning-making with contextual adaptability, particularly
in environments characterised by infrastructural instability.

This synthesis directly responds to the study’s third objective, which calls for
the development of a guiding framework for creating and applying hypertext interactive
videos in higher education. By examining how participants interpreted and navigated
the medium, the study offers a grounded foundation for proposing such a framework.

In cases of bandwidth constraints, the framework prioritises pedagogical
continuity over aesthetic richness, ensuring learning integrity as the primary objective.

Aesthetic elements are adapted rather than eliminated.

4.6.2 Framework Visualisation and Explanation

Building on the integrated findings, the proposed framework conceptualises
hypertext-interactive video as a three-layered system, where each layer complements

the others to support effective learning in colour theory.
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As shown in Figure 4.2 The integrated framework visualises the intersection of

aesthetic, pedagogical, and technical dimensions derived from the thematic analysis.

Creative

Resilience /
Technical

Aesthetic

Mediation
Dimensions

HyperLearnX
Integrated
Experience

Pedagogical Adaptation

Figure 4.2 The Integrated Aesthetic—Pedagogical-Technical Framework

The overlapping areas in Figure 4.2 illustrate the interrelated and mutually
reinforcing relationships among the three layers within the HyperLearnX framework.

Rather than functioning as separate operational categories, the three layers were
interpreted by participants as dynamically interconnected dimensions of the learning
experience. This overlap reflects how aesthetic decisions influence pedagogical
engagement, while technical feasibility determines whether these pedagogical and

visual strategies can be sustained in practice.

4.6.2.1 Aesthetic Layer: Visual Meaning-Making

This layer focuses on the artistic and perceptual elements that shape the learning
experience. Elements such as Colour harmony, layout consistency, typography, pacing,
and hyperlink visibility work together to create an environment that feels intuitive and
visually coherent. In design-based subjects, these aesthetic qualities are not optional;
they directly influence how learners interpret visual information and make sense of
abstract concepts. Participants’ reflections suggest that aesthetic organisation operates

as a cognitive support mechanism rather than a decorative enhancement. Visual
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consistency, controlled pacing, and interface clarity collectively assisted learners in
navigating conceptual relationships within colour theory more confidently and

intuitively.

4.6.2.2 Pedagogical Layer: Scaffolding and Guided Interaction

Here, interactive questions, segmented content, and immediate feedback form a
structured pathway that supports the learner’s cognitive development. The framework
views the hypertext-interactive video as a pedagogical partner that gently guides
learners through idea progression, offers opportunities for reflection, and reinforces key
concepts. This layer aligns with sociocultural learning principles where understanding
is built through mediated, collaborative, and reflective experiences. The findings
indicate that interaction within HyperLearnX was perceived less as a testing mechanism
and more as a form of guided participation. Embedded prompts, reflective pauses, and
segmented explanations helped learners remain cognitively engaged while gradually

building conceptual understanding through structured mediation.

4.6.2.3 Technical-Contextual Layer: Access, Feasibility, and Adaptation

The final layer responds to the technological and social conditions of the
Yemeni context. It emphasises the need for lightweight design, efficient compression,
offline capabilities, and compatibility with a wide range of devices. Rather than treating
these requirements as limitations, the framework integrates them as essential design
considerations that ensure equitable access and sustainable implementation. This
perspective reframes technical constraint as an active design condition shaping both
pedagogical delivery and aesthetic presentation. Participants consistently emphasised
that accessibility features such as compression, modularity, and offline functionality

were central to educational continuity rather than secondary technical additions.

4.6.2.4 Convergence of the Three Layers

The true strength of the framework lies in how these layers interact. Clear

visuals enhance focus. Pedagogical structure enhances motivation and understanding.
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Technical feasibility ensures that learners, even in areas with weak connectivity, can
participate fully.

This convergence creates a learning environment where digital art education
becomes inclusive, adaptive, and sustainable. The framework thus offers a practical
guide for institutions, instructors, and developers seeking to implement hypertext-
interactive video in Yemeni universities and similar contexts. The integrated nature of
the framework demonstrates that sustainable digital learning in Yemen depends not on
maximising technological complexity, but on harmonising aesthetic guidance,
pedagogical clarity, and contextual feasibility. This balance enables hypertext-
interactive video to function effectively within resource-constrained educational
environments while preserving meaningful artistic engagement.

Figure 4.3 presents the NVivo coding tree generated during thematic analysis.
The structure shows how initial open codes were progressively clustered into broader

categories, ultimately forming the three overarching themes that guide this chapter.
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Figure 4.3 Coding Structure of Key Themes

The coding tree demonstrates the analytic coherence of the themes and
highlights the recurring connections between aesthetic, pedagogical, and technical
factors across participants. The progression from initial codes to broader thematic

categories also reflects the iterative nature of the reflexive thematic analysis process. It

100



illustrates how participant experiences, although varied across institutional and
technical backgrounds, repeatedly converged around interconnected concerns related to

visual learning, accessibility, and guided interaction.

4.7 Contradictory Discourses in Digital Education Adoption

A recurring pattern across interviews was the presence of contradictory
discourses surrounding digital education adoption in Yemen. On one hand, senior
officials and institutional representatives consistently described digital transformation
as an urgent national priority. On the other hand, the same participants acknowledged
the absence of budgets, infrastructure, and operational capacity required to realise this
vision.

This contradiction was articulated clearly by CT2, who explained that while the
Ministry of Higher Education views digital transformation as a strategic necessity,
implementation remains constrained by financial limitations, infrastructural instability,
and fragmented national strategies. Her account reveals a gap between declarative
commitment and material capability.

A similar tension emerged in focus group discussions with government officials,
where participants expressed optimism about the future of interactive learning while
simultaneously emphasising that existing regulations lack effective implementation
mechanisms. Digital education was described as both inevitable and perpetually
deferred. This contradiction reflects a recurring tension between aspirational digital
policy discourse and the operational realities of implementation within fragile
educational systems. Participants’ accounts suggest that institutional enthusiasm for
digital transformation often exceeds the material and administrative capacities required
for sustainable execution.

At the institutional level, AC3 highlighted that universities often operate without
dedicated budgets for digital development, focusing instead on maintaining minimum
functionality amid ongoing instability. This reinforces the contradiction between long-
term digital aspirations and short-term survival priorities.

Within this context, universities appear to operate through adaptive
prioritisation, where immediate institutional continuity frequently takes precedence
over long-term technological investment. As a result, innovation is often pursued

incrementally rather than through comprehensive systemic transformation.
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Spatial disparities further complicate this discourse. Several participants
implicitly contrasted conditions in Sana’a with those in peripheral regions. While some
institutions in the capital demonstrate relative connectivity and experimentation, rural
and marginalised areas remain largely excluded from digital initiatives. This centre—
periphery divide produces uneven adoption pathways, where innovation clusters coexist
with widespread exclusion.

Crucially, these contradictions are not framed here as political critique, but as
contextual realities shaping design feasibility. For a study situated within digital arts
and creative pedagogy, acknowledging these tensions strengthens analytical credibility.
It situates HyperLearnX within the lived contradictions of its environment, where desire

for transformation coexists with structural constraint.

4.8 Underrepresented and Absent Themes

While participants addressed numerous technical, pedagogical, and institutional
challenges, certain themes remained underrepresented or implicitly present rather than
explicitly discussed. One such theme is gender.

Although rural women were mentioned as potential beneficiaries, particularly
in relation to mobile learning, gendered experiences of access, time, and digital agency
were not deeply explored. This absence may reflect broader social norms where
women’s educational engagement is discussed instrumentally rather than analytically.

The limited visibility of gendered experiences within participant discussions
suggests that certain sociocultural dimensions of digital learning remain insufficiently
articulated within institutional discourse. This absence points toward the need for future
research that examines how gender intersects with access, participation, and creative
engagement in digital art education.

Similarly, learners in highly marginalised or conflict-affected regions were often
referenced indirectly, without detailed accounts of their specific constraints. The
absence of these voices highlights the limits of institutional and expert-centred
perspectives, particularly in contexts where access itself determines visibility.

This finding is analytically significant because it demonstrates how structural
exclusion can shape not only educational participation but also research representation
itself. Learners facing the greatest infrastructural barriers may simultaneously become

the least visible within formal educational narratives.
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Another underrepresented theme concerns emotional and psychological
dimensions of learning under instability. While technical and infrastructural issues were
frequently discussed, less attention was given to learner motivation, fatigue, or anxiety
factors that significantly influence digital engagement.

Rather than representing analytical weaknesses, these absences are themselves
meaningful findings. These underrepresented dimensions also suggest possible
directions for future refinement of the HyperLearnX framework. Future iterations could
incorporate emotionally responsive and gender-sensitive design considerations,
including flexible pacing options, mobile-first accessibility pathways, and
psychologically supportive interaction patterns tailored for learners operating within
unstable or marginalised educational contexts. They reveal whose experiences are
foregrounded in digital education discourse and whose remain peripheral. For a study
rooted in creative and digital arts, acknowledging these silences aligns with critical

design practice, making visible what is omitted as well as what is articulated.

4.9 Summary

This chapter examined how hypertext-interactive video mediates aesthetic,
pedagogical, and technical transformation in resource-constrained creative education.
Through reflexive thematic analysis, the findings revealed three interwoven
dimensions: aesthetic mediation as a catalyst for visual cognition, pedagogical
adaptation as a pathway for scaffolded and collaborative learning, and creative
resilience as a response to technological scarcity. Together, these dimensions illustrate
how HyperLearnX operates as an integrated sociocultural-aesthetic ecosystem,
aligning Vygotskian mediation with contemporary digital design.

Collectively, the chapter demonstrates that hypertext-interactive video in
Yemen cannot be understood solely as a technological innovation. Instead, it emerges
as a context-sensitive educational ecosystem shaped by the interaction between
aesthetic mediation, pedagogical guidance, infrastructural adaptation, and human
agency. The findings, therefore, reinforce the importance of designing digital learning
systems that remain pedagogically meaningful while responsive to contextual realities.

These insights form the foundation for the next chapter, which translates the
thematic relationships identified here into a structured framework for implementing

Hypertext-Interactive Video in art and design education. Chapter 5 synthesises these
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findings into a practical and theoretically grounded model that articulates how aesthetic
coherence, adaptive pedagogy, inclusive contextual accessibility, and technical
accessibility can be operationalised within creative higher education, particularly in

low-bandwidth environments.
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CHAPTER S
DISCUSSION, CONCLUSION, AND RECOMMENDATIONS

5.1 Introduction

Chapter Four provided a detailed analysis of the study’s findings, highlighting
how hypertext-interactive video mediates aesthetic understanding, fosters creative
resilience, and supports pedagogical adaptation in teaching colour theory in Yemen.
While that chapter focused on documenting participants’ experiences, Chapter Five
extends this by linking the findings directly to the research objectives, translating
insights into actionable conclusions and a practical framework.

This chapter synthesises the aesthetic, technological, and pedagogical
dimensions of hypertext-interactive video, revealing how they converge to enable
inclusive, adaptive, and creative learning in low-bandwidth educational environments.
Emphasising strategic interpretation and applied recommendations, Chapter Five offers
a structured pathway to operationalise hypertext-interactive video as a sustainable
pedagogical tool, consolidating the study’s contributions and presenting a theoretically
grounded model for enhancing digital art and design education in resource-constrained
contexts.

The discussion presented in this chapter is interpreted in relation to the
theoretical and empirical literature reviewed in Chapter 2, particularly studies
concerning sociocultural mediation, aesthetic learning, interactive video pedagogy, and
adaptive digital learning in low-resource environments. This integration strengthens the
analytical linkage between the study’s empirical findings and the broader scholarly
discourse surrounding hypertext-interactive learning.

This chapter is structured around the three research objectives, with each section

discussing, interpreting, and concluding based on the corresponding objective.
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5.2 Discussion of Findings: Research Objective One — Current Situation in
Yemen

5.2.1 Summary of Key Findings

The current situation in Yemen highlights critical gaps in access to digital media
for art and design education, where interactive and Hypertext video could play a
transformative role. According to Mousa Ghorab, a lecturer at Sana’a University and a
political figure, infrastructure limitations, including low internet bandwidth, unstable
electricity, and the absence of local hosting servers, significantly restrict the delivery of
high-quality visual content. Similarly, CT3, a Data Analyst and EdTech researcher,
explains that human resources with expertise in multimedia design, digital arts, and
interactive content creation remain scarce, limiting the development of pedagogically
and visually rich hypertext videos. Furthermore, CT2, a Network Engineer at the
Ministry of Higher Education, emphasises that policy instability and inconsistent e-
learning regulations prevent universities from adopting innovative digital tools
systematically.

These challenges were identified through NVivo qualitative analysis of
participant responses. The findings indicate that the integration of hypertext-interactive
video in Yemeni digital arts education is primarily constrained by infrastructural
limitations, fragmented institutional support, and inconsistent e-learning policies.
Bandwidth instability and limited digital access emerged as the most significant
technical barriers, particularly affecting students and lecturers. Institutional and policy-
related challenges further hinder systematic adoption, while concerns regarding content
quality highlight a misalignment between technological implementation and
pedagogical design. Overall, the findings suggest that these challenges are systemic,
underscoring the need for coordinated technological, institutional, and policy-level
interventions to support sustainable digital arts education in low-resource contexts.

By reframing these challenges through a critical design lens, the current
situation in Yemen can be understood not only as a deficit narrative but as a site of
potential pedagogical reinvention. The structural limitations identified by participants
create conditions for alternative models of digital art education that privilege
lightweight design, creative resilience, and sociocultural mediation over technological
excess. This interpretation strengthens the analytical depth of the findings and aligns

them more closely with the study’s creative and theoretical foundations.
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5.2.2 NVivo Themes Supporting Research Objective One

Based on NVivo analysis, three main clusters emerged:

5.2.2.1 Accessibility & Infrastructure

Weak local server hosting increases latency, which negatively affects the
streaming of media-rich content, as noted by the Ministry of Communications official,
AC3. In addition, low connectivity, frequent outages, and limited device availability
hinder students’ access to interactive videos. Recommendations include implementing
distributed cache servers and establishing partnerships with local telecommunications
providers to support low-bandwidth content delivery, as highlighted by AC4 from

academic institutions and IT support.

5.2.2.2 Technical & Human Resource Limitations

Developing hypertext interactive videos for digital arts requires a genuinely
multidisciplinary effort. This work brings together software engineers, multimedia
specialists, visual designers, and psychologists to ensure strong learner engagement and
to prevent cognitive overload, as emphasised by CT3, Head of the Computer Science
Department at Saba University. Although Al tools and low-bandwidth optimisation
techniques can provide valuable technical support, successful implementation
ultimately depends on sustained institutional commitment and the availability of skilled
personnel, as underscored by GOI1, Executive Director of the Higher Education IT

Centre.

5.2.2.3 Policy & Institutional Constraints

E-learning policies remain largely fragmented, with only limited official
recognition of online learning within visual disciplines, as noted by ACS5, Head of the
Graphics Department at Sana’a University. The adoption of interactive video
technologies is often contingent on ministerial directives and their alignment with
broader national digital strategies, a point emphasised by CT2. Although several pilot

initiatives have demonstrated encouraging results, expanding these efforts to a wider
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scale will require formalised institutional frameworks and clear resource allocation, as
highlighted by GO2, Vice President of the IT Sector at the Chamber of Commerce.

As illustrated in Figure 5.1 The horizontal axis represents key accessibility and
infrastructural challenges, while the vertical axis reflects the frequency with which these
challenges were associated with different adaptive design strategies. The matrix
demonstrates how responses such as adaptive streaming and compression functioned as
enabling mechanisms, allowing visual and interactive components to remain effective
under bandwidth constraints. In contrast, future-oriented development strategies were
more closely tied to learning outcomes, highlighting the role of thoughtful design

adaptation in sustaining engagement and meaning within digital art learning contexts.

Accessibility Challenges and Adaptive Strategies
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Figure 5.1 Matrix Coding of Accessibility Challenges and Adaptive Design
Strategies

5.2.3 Interpretation of the Situation

The findings suggest that while hypertext interactive video holds significant
potential for visual learning in art and design, the Yemeni context presents systemic
barriers. The combination of weak infrastructure, scarce specialised human resources,
and unstable institutional policies explains why interactive videos are not widely used.
For key stakeholders, including researchers, university administrators, and

policymakers, these results indicate the need for holistic interventions that integrate

108



low-bandwidth, visually optimised content, trained creative personnel, and clear
institutional mandates. Table 5.1 presents a structured overview of recommended
interventions across three key areas: Infrastructure, Team Composition, and Policy
Support to enhance the implementation of digital and interactive learning. Each
category includes concise, actionable recommendations, accompanied by references to
relevant experts and their positions. The inclusion of multidisciplinary experts
highlights the breadth of perspectives and ensures that the suggested interventions are
grounded in practical experience, technical expertise, and academic insight. This table
serves as a reliable reference point for both policy-making and educational planning in

digital learning contexts.
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Table 5.1

Summary of Recommended Interventions and Expert References for Digital Learning Implementation

Category Recommended Interventions (Condensed) Experts Referenced (with Positions)

Infrastructure Prioritise low-bandwidth design (mobile-first, lightweight, and AC3 (Sana'a University); AC5 (Lecturer, Head of Graphics Department, Sana’a
compressed video). University, Head of Control Unit); ST2 (Bachelor’s in Graphic Design); GO5

o nal o o fib d q (International Specialist, PhD in Computer Science, Expert in Education Quality); CT1

Impro‘ve national connectivity (4G expansion, fibre upgrades, an (Technician & Lecturer, Dean of the Computer College, Sana’a University); GO2 (PhD in
reducing outages). IT, President of Yemeni Union); AC1 (IT Department, FCIT, Sana’a University); AC4
Deploy local university servers and distributed caching nodes to (Academic and IT expert); AC2 (Head of Computer Science Department, Saba University)
reduce latency.
Ensure compatibility with low-end smartphones and limited
devices.

Team Build multidisciplinary teams (programmers, multimedia CT3 (Master’s in Data Science, APU); CT1 (Technician & Lecturer, Dean of the Computer

Composition specialists, visual designers, psychologists). Include network College, Sana’a University); GO1 (Executive Director, Higher Education IT); CT2

engineers, cloud specialists, hardware/IT experts, and
cybersecurity personnel. Add video-production and digital-media
experts to maintain content quality. Ensure academic staff
collaboration in adapting materials. Establish structured roles
(product owner, tech lead, architect, business analyst, QA).
Strengthen institutional support for sustainability and long-term
planning.

(Network Engineer, Master of IT, Malaysian University); AC2 (Head of Computer Science
Department, Saba University); CTS (Java Developer, Arvato Systems Malaysia Technical
Consulting); GO2 (PhD in IT, President of Yemeni Union)
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Policy Support

Issue ministerial decisions enabling interactive and online
learning models. Formally recognise e-learning in visual
disciplines within the national education policy. Align adoption
with digital-transformation strategies. Expand institutional
approval for blended delivery (around 25% online). Allocate
resources and frameworks to scale pilot initiatives. Encourage
government—university—industry partnerships. Provide subsidised
data packages for educational platforms.

Apply bandwidth-management policies to reduce unnecessary
traffic.

CT1 (Technician & Lecturer, Dean of the Computer College, Sana’a University); ACS
(Lecturer, Head of Graphics Department, Sana’a University, Head of Control Unit); CT2
(Network Engineer, Master of IT, Malaysian University); AC4 (Academic and IT expert);
GO2 (PhD in IT, President of Yemeni Union); GOS5 (International Specialist, PhD in
Computer Science, Education Quality Expert); AC1 (IT Department, FCIT, Sana’a
University)
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5.2.4 Connection to Research Problem

These findings directly address the research problem concerning the unclear
status of hypertext interactive video in Yemeni digital education. They confirm that the
pedagogical role, design, and application of such media are poorly defined in practice.
By highlighting infrastructure, human resources, and policy gaps, the study justifies the
necessity for a contextually grounded framework for hypertext video, particularly for
visual disciplines in underserved regions. The results additionally support the adoption
of low-bandwidth, adaptive, and culturally sensitive solutions for art and design
students in Yemen.

These interrelated challenges associated with Research Question 1, which
focuses on understanding the current digital education situation, are visually
synthesized in Figure 5.2, which maps the core problem, the associated gaps, and the
corresponding objective, providing a clear conceptual view of the current digital

education situation in Yemeni universities.

Problem 1: Digital Education Context
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Interactive o undergraduate Scaffolding:
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Figure 5.2 Conceptual Diagram of the Digital Education Situation
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5.3  Discussion of Findings: Research Objective Two

The Role and Design Components of Hypertext Interactive Videos in Teaching

colour theory

5.3.1 Summary of Key Findings for Research Objective Two

The findings related to Research Objective Two demonstrate that interactive
hypertext video, when designed with adaptive compression, integrated hyperlinks, and
minimal user interface complexity, significantly enhances students’ conceptual
understanding of colour theory, particularly within low-bandwidth and resource-
constrained environments such as Yemen. Across creators, lecturers, and students, four
interrelated design components emerged as central: adaptive technical design, aesthetic
clarity of interface, pedagogical scaffolding, and interactive mechanisms that maintain
learner engagement without imposing cognitive overload.

Experts in computer science and educational technology, including CT3 (Data
Analyst, APU) and CT1 (Dean, College of Computer Science, Sana’a University),
consistently emphasised that HyperLearnX’s combination of lightweight video delivery
and embedded interactive questions addresses the persistent infrastructural limitations
that hinder digital learning in Yemen. This perspective was strongly reinforced by GO1
(Executive Director, Higher Education IT Centre), who described HyperLearnX as an
“innovative societal achievement” precisely because it bridges the gap between
pedagogical needs and technological constraints.

From the pedagogical side, lecturers such as AC1 (Faculty of Computer and IT,
Sana’a University) and ACS5 (Head of Graphics Department, Sana’a University)
recognised that Hypertext video facilitates students staying focused, reduces repetition,
and promotes self-directed learning, a particularly important advantage in visually
intensive subjects comparable to colour theory. Their evaluations align with students’
feedback: CT6 (MA in Al, Al-Razi University) and AC7 (Graphic Design, LIU Yemen)
noted that the hyperlinks, visual cues, and embedded questions improved clarity, saved
time, and compensated for the lack of hands-on access to physical colour-mixing
environments.

Furthermore, the NVivo coding revealed a strong preference among all groups
for simplicity of interface, open-source integration with LMS platforms, and

compatibility with weak 3G/4G networks, features that directly support accessible art
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and design education in Yemen. In summary, the findings confirm that HyperLearnX’s
design components align with real pedagogical, aesthetic, and technological demands,
demonstrating clear potential for improving the teaching of colour theory by merging
visual clarity, interactive structure, and adaptive streaming within a single, cohesive
learning model.

To address Research Objective Two, the NVivo matrix-coding query was used
to compare how each participant group referenced the key themes related to
HyperLearnX adoption, including technological features, pedagogical adaptation, and
Vygotskian scaffolding. The results revealed clear variations in emphasis across groups,
particularly in learning outcomes, engagement, interactivity, and contextual relevance.

These differences are summarised in Table 5.2.
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Table 5.2

NVivo-Coded Thematic Distribution of HyperLearnX Adoption Factors Across Participant Groups.

Group— G(?V.ernment Officiflls, Lecturers Student Focus Creat(.)r.s and University
Cluster Ministry of Education, and Grou Technicians of Students
NVive Codes| Ministry of Communications Educators P Interactive Video
Adaptive Streaming 0% 0% 0% 3.72% 0%
Interactive Questions as a link 0% 7.58% 0% 27.26% 8.32%
HyperLear
nX Features  Qpensource Potential 0% 0% 0% 19.28% 0%
Relevance to Context 3.43% 9.44% 0% 12.9% 11.21%
Content Quality 17.28% 14.37% 16.78% 11.04% 12.31%
Easy to use 0% 0% 3.97% 0% 0.96%
Pedagogical Engagement 25% 12.57% 8.39% 5.98% 16.46%
Adaptation e ractivity 0% 3.31% 17.22% 7.85% 6.54%
Learning Outcomes 40.93% 20.14% 15.23% 11.97% 25.56%
Motivation 3.06% 16.96% 22.74% 0% 7.41%
Peer Collaboration 0% 2.41% 3.97% 0% 0%
Scaffolding Teacher Guidance 9.68% 4.03% 4.86% 0% 1.4%
Vygotsky
Zone of Proximal Development 0.61% 9.2% 6.84% 0% 9.83%
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5.3.2 NVivo Themes Supporting Research Objective Two

A. HyperLearnX Features (Adaptive Streaming, Interactive Links, Open-Source
Potential) The NVivo analysis illustrated that participants with technical and
educational backgrounds strongly endorsed the core design elements of HyperLearnX,
particularly its adaptive compression, hyperlinked interaction, and open-source
compatibility. These features were consistently perceived as essential for delivering
visual content, such as Colour harmony, gradients, and light-shadow relationships, in a

bandwidth-limited environment.

5.3.2.1 Adaptive & Lightweight Streaming

Technical experts emphasised that adaptive compression is not merely a
convenience but a fundamental requirement for viable digital learning in Yemen.

For illustration, CT1, Dean of the College of Computer Science at Sana’a
University, stated that interactive video becomes “highly effective when designed to
produce lightweight videos with minimal file size while preserving interactivity.” He
highlighted that such optimisation allows art and design students, many of whom rely
on weak 3G networks to access high-quality instructional content that would otherwise
be inaccessible.

Similarly, AC1, a senior academic in IT, affirmed that “as long as the video is
compressed and its size reduced, it is suitable for the Yemeni environment,”
underscoring the infrastructural necessity of this feature.

From the creators’ perspective, GO1 noted that Al-supported compression is
now sufficiently advanced to reduce redundant visual elements without harming
educational clarity, aligning closely with the researcher’s SmartZone Compression
model. Within the scope of this qualitative study, these technical components are
presented conceptually as proposed framework features derived from participant-

informed design considerations rather than empirically validated engineering solutions.

5.3.2.2 Interactive Links and Embedded Questions

Across the dataset, interactivity emerged as a central functional and pedagogical

asset. Technical creators such as CT1 emphasised that hyperlinks and embedded
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questions “promote self-directed learning” and transform linear video into a structured
understanding pathway.

This was echoed by CT3 (Data Analyst, APU), who associated HyperLearnX
with interactive technologies used in advanced platforms such as Netflix or game-based
narratives, calling the model ““a brilliant idea” due to its non-linear design. Students
strongly validated this view.

CT6 (MA, Al) praised the immediate feedback mechanism, noting that
“answering a question and getting instant responses enhances understanding and saves
time.” Similarly, AC7 (Graphic Design) emphasised that hyperlinks are essential in
visual subjects, owing to “Colours require practical, hands-on steps that linear videos
cannot provide.” Such reflections directly support the relevance of hypertext interaction
in teaching colour theory, where iterative exploration of hue, saturation, and contrast is

central.

5.3.2.3 Open-Source Integration and Cost Reduction

A recurring theme across interviews was the preference for open-source
implementation, both to minimise institutional costs and to ensure scalability.

Experts such as GO1 and GO2 (President, Yemeni Union for ICT) highlighted
that those tools, similar to Moodle and OpenCV, offer viable infrastructure for
deployment, reducing dependence on expensive commercial platforms. CTS5, a Java
Developer at Arvato Systems Malaysia, explained that open-source microservices could
support handling interactive components (e.g., embedded questions) while keeping
server costs minimal, an important factor for universities with limited budgets.

AC4, an academic and IT expert, further emphasised that HyperLearnX is
particularly suitable for local server deployment within universities, enabling fast
access even under weak internet conditions and supporting future scalability to other

developing regions.

5.3.2.4 Synthesis of Theme

Collectively, these insights reveal that HyperLearnX’s technical design, its
adaptive streaming, interactive structure, and open-source potential are perceived as

both feasible and highly relevant to teaching the subject of colour theory in Yemen.
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Participants viewed the system not simply as a technological tool, but as a strategic
response to infrastructural constraints, pedagogical gaps, and the requirement for

accessible visual learning in underserved communities.

5.3.2.5 Pedagogical Value

(Learning Outcomes, Engagement, Motivation, Contextual Relevance) The
pedagogical value of HyperLearnX emerged as one of the strongest NVivo themes
supporting research objective two, highlighting how interactive hypertext video aligns
with outcome-based education, reduces cognitive load, and responds directly to the
contextual learning demands of Yemeni students. Three major dimensions shaped
participants’ evaluations: learning outcomes, learner engagement, and contextual
relevance to low-bandwidth environments and social constraints.

Firstly, alignment with learning outcomes and outcome-based education
Senior governmental and academic experts emphasised that effective digital learning
must be firmly grounded in outcome-based instructional design.

GOS5, an international specialist in academic accreditation, stressed that
“learning outcomes are the foundation of everything: content, strategies, activities,
assessments, even the platform design itself.” His perspective closely aligns with global
OBE standards, which view digital tools not as content repositories, but as structured
learning environments supporting measurable competencies.

HyperLearnX’s structure, short segments, embedded checkpoints, intentional
pauses, and hyperlinked clarifications create a scaffolded learning environment
consistent with Vygotsky’s Zone of Proximal Development (ZPD), in which step-by-
step supports allow students to progress from basic Colour identification to a deeper
understanding of harmony, contrast, and perceptual relationships.

CT1 (Dean, College of Computer Science) reinforced this alignment, noting
that interactive video “allows students to rewatch unclear sections and supports practical
understanding, especially in subjects such as computer graphics.” This rewatchability
reflects Mayer’s Cognitive Theory of Multimedia Learning, enabling students to control
cognitive load by revisiting Colour concepts at their own pace.

Secondly, engagement, motivation, and overcoming participation barriers

interviews revealed strong pedagogical benefits related to learner motivation and
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engagement, particularly among students who struggle with traditional classroom
dynamics.

For instance, CT6 highlighted the motivational effect of receiving “immediate
feedback following answering each question,” which transforms passive observation
into active cognitive processing. Female students, especially those facing social or
familial constraints, expressed similar motivations.

ACT7 (Graphic Design) explained that interactive video would have allowed her
to continue learning during periods when she could not attend face-to-face classes due
to childcare demands, noting:

“This technology makes learning much easier and more accessible. For someone
like me, it is not just useful, it is necessary.” Educators, moreover, recognised
motivational gains. CT1 reported that interactivity assists “in overcoming the hesitation
and embarrassment students feel when asking questions during in-person classes.”
Similarly, AC1 described how embedded questions and visual cues “reduce repetition
and make the learning process more efficient.”

Students in the 15-member focus group strongly reinforced this point:

“Interaction prevents distraction; you have to respond.” “The video guides you
step by step; it saved my time and kept me focused.” These responses demonstrate that
HyperLearnX promotes active learning, higher engagement, and self-paced exploration,
all essential for understanding complex visual concepts such as hue shifts,
neutralisation, warm—cool contrasts, and simultaneous contrast in Colour Theory.

Thirdly, contextual relevance to Yemen’s digital and social reality, the
pedagogical benefits of HyperLearnX are magnified by its responsiveness to Yemen’s
unique constraints. Experts such as AC4 (Academic and IT Expert) emphasised that
students often rely on lengthy, unfocused YouTube videos that exceed their bandwidth
and patience, whereas concise hypertext videos ‘“are far more effective for low-
bandwidth contexts.”

Government officials, including participants from the Ministry of Higher
Education, affirmed that interactive video could support students in remote areas,
female learners with mobility limitations, and those displaced by conflict or economic
hardship. GO1 (Higher Education IT Centre) called HyperLearnX “a major societal
achievement” precisely because it responds to such real constraints.

In summary, the pedagogical value of HyperLearnX lies in its alignment with

learning outcomes, activation of student motivation, and addressing contextual
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inequities, making it an effective tool for teaching colour theory in environments where

traditional resources are limited or inaccessible.

5.3.2.6 Interactivity

The Central Mechanism of Learning in colour theory
Interactivity emerged as the core driver of learning, repeatedly identified by students,
lecturers, and technical experts as the element that transforms HyperLearnX from a
passive video tool into a dynamic learning system. In colour theory, where conceptual
understanding depends on visual experimentation, perceptual judgment, and iterative
comparison, hypertext interaction becomes not just valuable but essential.

Firstly, hyperlinks as cognitive scaffolds hyperlinks embedded within the video,
allow learners to instantly access clarifications on Colour harmony, complementary
schemes, warm—cool dynamics, or gradient formation. AC7, a Graphic Design student,
emphasised that in Colour -related subjects, “it is almost impossible to rely on linear
video. You necessitate hands-on steps, and the links provide exactly that.” Similarly,
CT6 noted that hyperlinks function similarly to“a mini-library inside the video”,
allowing him to connect theoretical explanations with practical demonstrations without
leaving the platform. This aligns with retrieval-based learning principles, where linked
resources reduce cognitive friction and enhance the integration of new visual
knowledge.

Secondly, embedded questions and immediate feedback. Across all participant
groups, embedded questions were cited as the most impactful feature. Focus group
students reported: “The interactivity forces you to think, not just watch.” “I understood
faster; the video guided me step by step.” Lecturers confirmed similar observations.
ACI1 highlighted that interactive questions ‘““alert students and enhance the learning
process, especially in practical subjects.” Meanwhile, AC2 (Saba University)
emphasised how the combination of “short length, attractive Colours, and variety of
questions” makes the video highly effective for student learning.

In the context of Colour Theory, these interactive checkpoints assist students in
testing their understanding of complementary relationships, value contrast, saturation
shifts, and harmony principles, preceding moving forward effectively operationalising
Vygotsky’s scaffolding inside the video itself.

Thirdly, interactivity is a solution to distraction and cognitive overload.
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Many students expressed that they lose focus in traditional video learning: “I usually
lose focus after 5 minutes; nevertheless, here I stayed engaged.” “Interaction prevents
distraction; you have to respond.” This supports the Cognitive Load Theory, which
states that active, segmented learning minimises extraneous load and enhances schema-
building. HyperLearnX’s interactive structure ensures that learners do not become
passive recipients yet remain cognitively invested, especially important in complex
visual reasoning tasks such as distinguishing subtle Colour temperature shifts or
identifying analogous schemes.
Fourthly, interactivity and social equity

For marginalised groups, rural learners, female students, and working youth,
interactivity becomes an alternative to traditional classroom participation. ST2 (Graphic
Design) explained that interactive questions allowed her to “ask™ the video questions
she would hesitate to ask in class, facilitating her to overcome social and academic
barriers.

Thus, interactivity in HyperLearnX supports equitable access to practical Colour
-learning experiences otherwise unavailable due to infrastructural, social, or economic

constraints.

5.3.2.7 User Interface & Aesthetic Simplicity (Visual Design, Minimalism, Colour
Harmony).

User interface simplicity emerged as a critical aesthetic and functional factor,
influencing students’ comprehension, engagement, and overall learning satisfaction.
Since Colour Theory inherently requires precise visual perception, the interface design
becomes not merely decorative but a pedagogical asset.

Firstly, a minimalist interface and cognitive clarity. Participants repeatedly
stressed the importance of clear, uncluttered design. ACI1 praised the HyperLearnX
interface as “neat, with Colours that made the questions and answers clear and easy to
read.” This aligns with minimalist design principles, reducing extraneous stimuli and
enabling students to focus on essential Colour relationships, gradients, and visual
contrasts.

Similarly, CT2 (Network Engineer) highlighted that the interface should remain
“simple and efficient to meet the requirements of students with limited technological

experience.” This is especially important in Yemen, where digital literacy varies widely.
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Secondly, Colour harmony is an instructional element. The intentional use of
harmonious Colour schemes in the interface supports perceptual learning,
demonstrating colour theory concepts within the learning environment itself. Students
responded positively to this design choice:

AC2 described the Colour choices as “attractive,” while AC5, Head of the
Graphics Department, noted that the removal of visual noise and repetitions “supports
students in extracting information quicker.” The UI thus functions as both aesthetic
guidance and pedagogical reinforcement, modelling good design practice while
maintaining perceptual clarity for Colour demonstrations.

Thirdly, ease of navigation and accessibility. Many students emphasised
usability as a core value: “It was very easy, and anyone can use it.” ST2 “The video is
simple and does not require extra guidance.” Mohanad Khalid “The links made the
information clearer and easier to follow.” Focus group feedback. This reflects the
principles of user-centred design, ensuring that learners, regardless of background, can
navigate Colour lessons intuitively.

Fourthly, supporting low-bandwidth environments without sacrificing aesthetic
quality. Experts such as AC1 and AC4 emphasised that interface minimalism is
especially critical in Yemen, where device limitations, weak connectivity, and low
processing power require visually clean, lightweight UI designs. By maintaining visual
harmony while reducing interface complexity, HyperLearnX fulfils both aesthetic and
infrastructural demands, demonstrating that even in constrained environments, digital
Colour education can remain visually rich and pedagogically effective.

To complement the matrix-coding results, an NVivo-generated visualisation
was developed to illustrate the overall frequency of RO2 themes across the dataset.
Figure 5.3 summarises how often each thematic category, HyperLearnX features,
pedagogical adaptation, interactivity, and Vygotskian scaffolding was referenced by
participants. The distribution highlights the dominant weight of Learning Outcomes and
Content Quality, followed by strong references to engagement, interactivity, and

motivation.
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Figure 5.3 Visual Distribution of RO2 Thematic Frequencies Across NVivo-Coded
Categories

5.3.3 Interpretive Discussion (Interpretation of Research Objective Two)

The Aesthetic—Interactive—Pedagogical Synthesis in Hypertext Interactive
Video for colour theory. The interpretive analysis of the second research objective
demonstrates that the pedagogical value of hypertext interactive video in teaching
colour theory arises from a dynamic interplay between aesthetic clarity, interactive
scaffolding, contextualised pedagogy, and lightweight technological design. Rather
than functioning independently, these elements converge into a unified learning ecology
that responds directly to the cognitive, social, and infrastructural realities of Yemeni
higher education.

Based on the cross-theme interpretation, a conceptual model was developed to
illustrate how the four major second research objective categories interact to influence
learners’ understanding of colour theory. The model positions aesthetics, interactivity,
and pedagogy as mutually reinforcing dimensions, while technical constraints act as a
limiting factor that shapes how these elements function in practice. Collectively, these
relationships contribute to explaining how HyperLearnX supports improved lessons,
such as colour theory understanding. The conceptual structure is illustrated in Figure

54.
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Figure 5.4 The Aesthetic Interactive Pedagogical Technical Convergence in
Hypertext-Interactive Video for Colour Theory.

This model illustrates how the four dimensions identified in the second research
objective interact to form an integrated learning ecology that supports visual
understanding under Yemeni infrastructural constraints. Aesthetic simplicity emerged
as a central thread across responses, consistently described by participants as a form of
“visual minimalism that acts as a cognitive aid.” AC1, Professor of Computer Science
and technologist, emphasised that the clean interface, harmonious Colours, and
balanced typography “made the questions and answers clear and easy to read,” turning
the visual layer itself into a pedagogical support. Students echoed this sentiment, with
one describing the experience as “short, attractive, and easier to understand,”
particularly when dealing with visually complex topics such as hue interaction and
saturation. In Yemen’s context, where many students rely on low-end smartphones,
small screens, and unstable networks, this aesthetic minimalism functions not merely
as a design choice; nevertheless, as a cognitive filter that reduces visual noise and directs
attention to core Colour relationships.

Interactivity furthermore emerged as a powerful scaffold aligning with
Vygotsky’s Zone of Proximal Development. Hyperlinked definitions, in-video
branching questions, and adaptive feedback structured learning into manageable
conceptual steps. CT1, technologist and lecturer, described these features as
“stimulating and promoting self-directed learning,” while the Student Focus Group
reported that “the video guides me step by step.” ST1, a mechatronics student,

highlighted the value of immediate comprehension checks, noting that such questions
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“facilitate measuring understanding instantly.” Government official GOS, a specialist
in education quality and accreditation, similarly affirmed that these interactive
mechanisms align with progressive learning design frameworks. In the context of colour
theory, where understanding shifts gradually from hue to harmony to contrast, this
scaffolding becomes essential in supporting incremental mastery and preventing
cognitive overload.

These interactive functions take on deeper significance when situated within
Yemen’s educational constraints. Lecturers emphasised that students often avoid asking
questions in class due to shyness or lack of confidence; thus, embedded questions and
hyperlinked explanations quietly democratize participation. ACS5, Lecturer and Head of
the Graphics Department at Sana’a University, described HyperLearnX as “very
practical and time-saving,” especially for students who usually “fast-forward through
long videos.” Students, in turn, viewed the interactive video as “a mini library inside
the video,” a compelling metaphor in a setting where books, studio resources, and
reliable internet are limited. This pedagogical mediation, therefore, compensates for
structural inequalities, allowing students to progress autonomously through conceptual
material that might otherwise require face-to-face instruction.

The technical dimension of mediation further shaped learning outcomes by
transforming infrastructural limitations into design opportunities. Interviewees
repeatedly described weak internet as the most formidable barrier, noting that effective
learning depends on lightweight, adaptive video formats. A government official in the
ministerial focus group explained that “a two-hour lecture can be compressed into
fifteen minutes with questions inside, and it works even with weak internet,” reflecting
the importance of compression and adaptive delivery. CT4, PhD in Computer Science
and senior academic expert, stressed that instructional content must be developed from
credible texts and not “random online videos,” underscoring the necessity for scholarly
integrity alongside technical efficiency. For a visually sensitive subject such as colour
theory, where accurate perception of gradients and contrasts is fundamental, the
technical architecture becomes pedagogical: compression, buffering, chapter-based
streaming, and microservices directly influence perceptual clarity and conceptual
understanding.

Collectively, the second research objective reveals that in the Yemeni context,
technical design is pedagogical design. The aesthetic, interactive, and technological

layers do not merely support learning; they constitute the learning process by enabling
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students to engage with visual knowledge under real-world constraints. Hypertext
interactive video thus emerges as a culturally, cognitively, and infrastructurally resonant

instructional modality for teaching colour theory.

5.3.4 Proposed Design Implications for Colour Theory Learning

The implications of the second research objective point toward an integrated set
of design principles that can guide the development of hypertext interactive video for
colour theory in Yemen. Given the cognitive and aesthetic demands of the subject, as
well as the infrastructural limitations faced by learners, the design of such videos must
balance visual precision, pedagogical scaffolding, and technological efficiency.

Aesthetically, the videos should employ minimalist layouts that foreground
essential visual elements while suppressing distractions. Harmonious Colour palettes
and clear, high-contrast typography are necessary to ensure readability on low-quality
screens commonly used by Yemeni students. Static backgrounds and uncluttered
compositions assist in maintaining Colour accuracy under compression, preventing
artefacts that could distort the perception of hue or contrast. These choices are not
decorative by contrast; pedagogically aligned with the visual discipline of colour theory
itself, where clarity of form and precision of Colour are integral to comprehension.

Pedagogically, the structure of each video must follow an outcome-based
sequence, with every segment mapped to a specific learning objective to exemplify,
identifying complementary pairs, distinguishing saturation levels, or analysing harmony
schemes. Hyperlinked terms and on-demand definitions can provide micro-scaffolds at
key conceptual transitions, enabling students to revisit foundational ideas without
disrupting the flow of learning. Embedded questions should be positioned at meaningful
junctures, prompting learners to reflect on their understanding before progressing.
Incorrect answers can trigger brief explanatory clips to address misconceptions, a
strategy supported by both lecturers and students as a means of strengthening retention
and accountability. However, as AC5 cautioned, excessive hyperlinks may become
overwhelming; therefore, interactivity should remain purposeful, concise, and
cognitively aligned.

Culturally relevant examples can further enhance engagement. Given the limited

availability of global design resources, integrating Yemeni textiles, architectural motifs,
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and local Colour traditions supports anchoring abstract concepts in familiar visual
contexts, making learning both accessible and meaningful.

Technologically, videos must be engineered for low-bandwidth environments.
Modular, chapter-based encoding improves buffering on unstable networks, while
adaptive delivery mechanisms ensure continuity of playback on 3G connections.
Integration with existing learning management systems, including Moodle, provides
opportunities for analytics, assessment, and structured progression. Interfaces should
remain lightweight, responsive, and fully functional on low-end Android devices, which
constitute the primary learning tools for most university students in Yemen.

These implications form a cohesive design blueprint for transforming colour
theory education through hypertext interactive video in a way that is pedagogically

robust and contextually sensitive.

5.3.5 Connection to the Research Problem

The interpretive insights of research object two offer a direct contribution to
Research Problem 2, which centres on the challenges of implementing hypertext
interactive video in Yemeni universities. The infrastructural constraints documented
across interviews, weak internet, limited access to computers, costly data bundles, and
reliance on basic smartphones, reveal that the proposed instructional modality must be
deliberately engineered for minimal bandwidth consumption. Rather than treating these
limitations as external obstacles, the findings position them as foundational design
parameters that shape how educational videos should be produced, compressed, and
delivered.

Pedagogically, the social and cultural environment further reinforces the
necessity of guided, scaffolded video design. Many Yemeni students lack prior
exposure to structured digital learning, leading to difficulties in navigating long or
complex visual material without support. Research object two demonstrates that
features such as embedded questions, adaptive feedback, hyperlinked clarifications, and
chapter-based progression are not optional enhancements; by contrast, essential
mechanisms that enable autonomous learning. This is particularly critical in colour
theory, where conceptual understanding depends on iterative visualisation and

cumulative reasoning. The integration of contextual examples, such as local textiles or
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Colour traditions, supports grounded abstract concepts in culturally meaningful visual
references.

Institutional challenges add another layer of complexity. Lecturers,
administrators, and government officials repeatedly emphasised that effective
implementation requires more than introducing an isolated tool; it demands alignment
with existing learning management systems, staff training, and supportive policies. AC1
and technologist CT1 both highlighted that HyperLearnX would be most effective when
embedded within an LMS such as Moodle, where assessment, interaction, and analytics
can be integrated into a broader pedagogical process. Institutional incentives, such as
grades, certificates, or participation marks, also shape student engagement, a point
reinforced by government official GOS, who noted that structured incentives are critical
in environments where students may otherwise passively watch videos without deep
involvement.

The social realities of Yemeni learners, including displacement, rural isolation,
high connectivity costs, motherhood, and part-time work, further underscore the need
for flexible, self-paced learning modalities. Students’ testimonies about the value of
“short videos that save time” and the ability to revisit interactive content at their own
pace reinforce that hypertext interactive video can mitigate barriers to education that
extend beyond the classroom. By offering concise, visually guided, cognitively
scaffolded, and mobile-friendly learning, the technology aligns with the lived
circumstances of students who cannot reliably attend face-to-face sessions or access
consistent online resources.

Thus, RO2 provides a comprehensive response to the research problem by
demonstrating how aesthetic design, interactivity, pedagogy, and technological
optimisation together address the multi-layered challenges of education in Yemen.
Hypertext interactive video does not merely supplement existing instruction; it
restructures the learning environment to accommodate infrastructural, institutional,
pedagogical, and social realities, offering a viable pathway for equitable access to visual
education. The technical and pedagogical challenges identified are summarised in
Figure 5.5, highlighting the necessity for adaptive and context-sensitive design

solutions.
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Problem 2: Implementation Challenges
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Figure 5.5 Conceptual Diagram for Problem 2: Implementation Challenges in
Yemeni Universities

5.4  Discussion of Findings for Research Objective Three

Research Objective 3: To propose a practical framework for applying hypertext-
interactive videos in Yemen.

This section presents the findings related to the third research objective by
synthesising NVivo themes, interview evidence, institutional perspectives, and
technical considerations. The analysis identifies core requirements for a national
framework to guide the implementation of hypertext video technologies such as

HyperLearnX in Yemeni higher education.
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5.4.1 Summary of Findings
5.4.1.1 The Need for a National Framework

The findings reveal strong consensus across government officials, accreditation
experts, and university leaders about the urgent need for a coherent national framework
for digital and interactive learning.

GOS5, an international accreditation expert, emphasised that “the future of
education is inevitably digital” and that Yemen requires structured standards aligned
with global accreditation criteria. Similarly, higher education officials such as AC3
reported the absence of a clear national plan and stressed that the Ministry of Higher
Education has not fully operationalised its regulations on e-learning.

Political fragmentation also contributes to inconsistent adoption. According to
GO2 (Chamber of Commerce), Yemeni institutions operate under “different authorities
with competing priorities,” making national coordination difficult. These findings
highlight a shared need for a unified policy roadmap that transcends regional divisions

and ensures systematic adoption of digital tools.

5.4.1.2 Components Required for the Framework

Interview data identified several interrelated components that must be integrated
into a national implementation framework for hypertext-interactive video to function
effectively within Yemen’s higher education system. At the infrastructural level, weak
bandwidth, high data costs, and limited device compatibility emerged as persistent
structural barriers. Experts such as CT1 (Dean, Faculty of Computer Science, Sana’a
University) and AC2 (Head of Computer Science Department, Saba University)
emphasised that hypertext video technologies must remain extremely lightweight to be
viable in this context. From a design and digital arts perspective, this requirement
reframes lightweight design not as a technical compromise, but as a foundational
aesthetic and pedagogical principle that directly shapes how visual content, colour
fidelity, and interaction are experienced by learners.

At the institutional level, policy-related factors were identified as critical
enablers for systematic adoption. The requirement for approximately 25-30% online
learning, mentioned by multiple officials, including GO1 (Higher Education IT Centre),

represents a strategic entry point for institutionalising hypertext-interactive video within
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formal curricula. However, participants stressed that such policy directives can only
become meaningful if they are actively enforced and supported through infrastructure,
staff training, and administrative alignment. Without these supporting mechanisms,
online learning requirements risk remaining symbolic rather than operational, limiting
their impact on pedagogical practice.

Localisation and accessibility were also highlighted as central to successful
implementation. Experts such as CT3 (Data Analyst) stressed the importance of Arabic
localisation, noting that many digital systems fail in Yemen due to inadequate language
adaptation and culturally misaligned interfaces. In visually oriented disciplines such as
art and design, language and cultural accessibility are not peripheral concerns; they
directly influence learners’ engagement, comprehension, and sense of inclusion.
Effective localisation, therefore, functions as both a technical and aesthetic requirement,
ensuring that hypertext-interactive video resonates with learners’ linguistic and cultural
realities.

Finally, quality assurance and accreditation alignment emerged as essential for
legitimising digital learning initiatives. Accreditation officials emphasised the necessity
of meeting recognised standards, such as Quality Matters, to ensure content quality,
pedagogical coherence, and meaningful interactivity. This alignment positions
hypertext-interactive video not merely as an experimental or supplementary tool, but as
a formally recognised instructional modality. From a critical perspective, accreditation
alignment also serves as a protective mechanism, ensuring that innovation in low-
bandwidth environments does not occur at the expense of academic rigour, but instead

supports sustainable, high-quality digital art and design education.

5.4.1.3 Foundations for Implementation

Analysis revealed three interrelated foundations for successful implementation.
First, capacity building was identified as essential across lecturers, faculty members,
administrators, and students. Government officials frequently referenced low digital
literacy and institutional resistance to technological change, indicating that human and
cultural factors represent significant barriers alongside technical ones. While previous
studies emphasised interactivity primarily from a technological perspective, the present
study expands this understanding by demonstrating how aesthetic mediation and

infrastructural adaptability jointly shape learning experiences in low-resource visual
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education contexts. These findings suggest that training must address not only
operational skills, but also attitudes toward digitally mediated teaching and learning.

Second, institutional partnerships were consistently framed as critical for
sustainable adoption. Collaboration between ministries, telecommunications
companies, universities, non-government organisations, and international organisations
such as UNESCO was explicitly highlighted by CT4, PhD, and CT2 (Government
Official). These partnerships were described as necessary for aligning policy,
infrastructure, and implementation support, reducing fragmentation across the higher
education ecosystem.

Third, experts emphasised the importance of gradual rollout strategies. Dr Fuad
Abdulrazak specifically recommended “introducing HyperLearnX gradually, similar to
how universities adopted LMS platforms.” This recommendation reflects concerns
about institutional resistance and capacity limitations, and supports a staged
implementation model that allows for iterative adjustment, staff adaptation, and risk

mitigation

5.4.1.4 Roles of Key Stakeholders

Interviews highlighted the roles of multiple actors:

1. Government Ministries: Set policy, provide subsidies, and regulate digital
transformation.

2. Universities: Host the system locally, apply accreditation standards, and train
staff.

3. Telecommunications Sector: Provide affordable data packages and collaborate
on caching infrastructure.

4. Private Sector / NGOs: Support funding, innovation adoption, and pilot
programs.

5. Technical Teams: Develop compression algorithms, Arabic interfaces, Ul

simplification, and security protocols.

5.4.2 NVivo Themes Supporting Research Objective Three

NVivo analysis yielded five thematic clusters that collectively justify and

support the proposed framework.
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5.4.2.1 Policy and Regulation

Codes: Government Support, Political Constraints, University Policy,
Organization Role, future-oriented.

This theme reflects the need for coordinated national strategies, regulatory
clarity, and institutional mandates for digital learning.

5.4.2.2 Technical Requirements

Codes:  Bandwidth, = Compression, Caching, Device Compatibility,
Server Hosting, Localization Arabic.

Interviewees perceived that HyperLearnX’s lightweight design and the
proposed SmartZone Compression approach could potentially address Yemen’s

infrastructural limitations within low-bandwidth educational contexts.

5.4.2.3 Institutional Capacity and Human Resources

Codes: Human Resources Skills, Team Requirements, OpenSource Potential,
Adaptive Streaming.
Developing local expertise and multidisciplinary teams is essential for

sustainable implementation.

5.4.2.4 Expert Recommendations

Codes: Training, Future Development, Evaluation, Technical Partnerships,
Commercialisation.
Many experts recommended pilot testing, cross-institutional collaboration, and

integration within LMS platforms such as Moodle.

5.4.2.5 Community and User Readiness

Codes: Engagement, Motivation, Interactivity, Learning Outcomes, easy to use.
Students and lecturers reported that lightweight, interactive video improves clarity,

engagement, and accessibility.
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Table 5.3 brings together the key NVivo themes and codes related to Research
Objective 3, reflecting the creative, technical, and contextual elements that informed

the development of a practical framework for hypertext video-based learning.

Table 5.3

NVivo Themes Related to Research Objective Three
NVivo Theme Key Codes Relevance to Framework
Policy & Regulation Government Support, University Policy Enables national adoption
Technical Requirements Bandwidth, Compression, Hosting Ensures feasibility
Institutional Capacity Human Resources, Teams Sustainability
Expert Recommendations Training, Evaluation Implementation guidance
User Readiness Engagement, Ease of Use Adoption success

5.4.3 Discussion: Why These Elements Form a Framework

The study also contributes contextually by positioning Yemen not as a passive
site of technological limitation, but as an active environment of adaptive pedagogical

innovation and creative resilience.

5.4.3.1 Necessity of the Framework

The complex interplay of political, infrastructural, and institutional challenges
makes a structured national framework essential. Without it, digital initiatives remain
fragmented and unsustainable, as evidenced by inconsistent LMS adoption after

COVID-19.

5.4.3.2 Integration of Aesthetic, Pedagogical, and Technical Dimensions

The proposed framework emerges from the intersection of three dimensions:
1. Aesthetic Dimension:
Interview feedback highlighted UI simplicity and clear visual guidance as
essential for usability. This supports the artistic component of HyperLearnX as a visual
communication tool.

2. Pedagogical Dimension (Vygotsky):
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The framework incorporates scaffolding, adaptive questions, and meaningful
interaction, aligning with Vygotsky’s Zone of Proximal Development. Interactive
questions embedded within videos function as checkpoints that strengthen student
learning progression.

3. Technical Dimension:

SmartZone Compression, caching, local hosting, and Arabic localisation were

conceptually proposed as mechanisms intended to improve the feasibility of hypertext-

interactive video use under bandwidth-constrained conditions.

5.4.3.3 Theoretical Basis for Framework Formation

The framework is informed by:
a) Sociocultural learning theory (Vygotsky)(Vygotsky, 1978)
b) ICT4D (Information and Communication Technologies for
Development)(Alshabi, Salim, & Ab Ghafa, 2025)
c) Design-based research traditions in educational technology(Alshabi,
Salim, & Cob, 2025a)
d) Digital transformation frameworks adapted to conflict-affected
countries
Together, these foundations justify the need for a structured, context-sensitive

model for Yemen.

5.4.4 Linking to the Proposed Model (HyperLearnX)

The empirical findings strongly support the conceptual suitability of
HyperLearnX as a context-sensitive model for Yemen.
1. Technical Fit:
Experts such as CT4, Dr Hesham, and CT3 confirmed that compression, Arabic
localisation, and simple UI design align with Yemen’s technical constraints.
2. Pedagogical Alignment:
Lecturers and students praised the interactive questions and reduced repetition,
confirming the pedagogical value of the hypertext structure.

3. Policy Compatibility:
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Government officials noted that HyperLearnX supports the Ministry’s goal of

25-30% online learning adoption, aligning with national digital transformation

strategies.

Thus, HyperLearnX embodies the exact technical and pedagogical attributes

required for the proposed national framework.

5.4.5 National Implications

Findings indicate that implementing hypertext-interactive video at scale will:

1.

5.

Improve access to education for marginalised groups, including rural
students and working learners.

Support digital transformation efforts across the Ministry of Higher
Education.

Contribute to national resilience during crises such as conflict or pandemics.
Strengthen quality assurance systems through structured digital content
delivery.

Reduce educational inequality between urban and rural areas.

Figure 5.6 visually summarises the potential educational impact of hypertext

video-based learning, highlighting its role in expanding access, supporting learning

quality, and fostering inclusive digital education in Yemen.
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=  bandwidth design
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Digital Access & Inclusion
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= Support for female students
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v
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= (Crisis-resilient education
= Improved learning continuity
= Quality assurance alignment

v
National Development & Equity

=  Reduced urban—rural gap
=  Strengthened human capital
= Long-term educational sustainability

Figure 5.6 National Implications of Hypertext Video-Based Learning Adoption in
Yemen

Based on the findings, a practical framework is proposed to guide the

development and application of hypertext interactive videos, as depicted in Figure 5.7.”
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Problem 3: Framework Components
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Figure 5.7 Conceptual Diagram for Problem 3: Proposed Guiding Framework for
Hypertext Interactive Videos

5.5  Overall Synthesis Across All Objectives

This thesis addressed three interconnected objectives:

Research objective one: Identifying contextual barriers to digital arts education
in Yemen revealed infrastructural, socioeconomic, and policy-related constraints.

Research objective two: Evaluating HyperLearnX demonstrated its feasibility
and pedagogical suitability under weak bandwidth conditions.

Research objective three: Synthesising stakeholder perspectives and NVivo
themes resulted in a practical framework for national implementation.

Together, these findings present a coherent narrative: Yemen faces significant
challenges but possesses substantial opportunities and readiness for interactive digital
learning. HyperLearnX bridges the gap between limitations and potential, offering a

scalable model for future transformation.
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This integrated synthesis demonstrates the researcher’s ability to “connect the
whole picture,” aligning empirical evidence with theoretical foundations and producing

a contextually informed digital learning model.

5.6 Contributions

5.6.1 Theoretical Contributions

This study contributes theoretically by extending Vygotsky’s sociocultural
theory into the context of hypertext-interactive video within low-resource digital
learning environments. It reconceptualises digital arts education as an adaptive and
mediated learning process (Alshabi, Salim, & Cob, 2025b), where interaction, cultural
relevance, and learner agency play central roles in knowledge construction (Daniels,
2008). Furthermore, the study bridges digital arts education with educational
technology frameworks, offering a contextualised theoretical perspective that supports
inclusive, creative, and resilient learning practices in bandwidth-constrained settings
such as Yemen.

The study further contributes conceptually by positioning hypertext-interactive
video not merely as a technological delivery tool, but as an integrated aesthetic—
pedagogical-technical mediation environment. In this regard, the HyperLearnX
framework synthesises sociocultural learning, aesthetic guidance, and adaptive digital
interaction into a context-sensitive model for creative higher education in low-resource

environments.

5.6.2 Practical Contributions

From a practical perspective, this research provides a contextualised digital
education framework tailored to the Yemeni higher education environment, integrating
pedagogical, technical, and policy considerations. It introduces a low-bandwidth
hypertext-interactive video model (HyperLearn) designed to function effectively in
infrastructure-limited contexts. Additionally, the study demonstrates practical
compression and optimisation strategies that support the delivery of interactive
multimedia content, offering actionable guidance for educators and content developers

operating in resource-constrained digital learning environments.
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5.6.3 Methodological Contributions

Methodologically, the study employs a mixed qualitative approach that
integrates semi-structured interviews with government officials, lecturers, creators, and
students, providing a multi-stakeholder perspective on digital education challenges. It
utilises NVivo qualitative analysis to systematically code and interpret complex
educational data, contributing a structured analytical model for ICT4D educational
research. The research also advances design-based research principles by bridging
theoretical inquiry with prototype development and applied evaluation in real-world

educational contexts.

5.6.4 Industry and Future Educational Relevance

Beyond the immediate context of Yemeni higher education, the HyperLearnX
framework responds to broader transformations occurring within contemporary digital
education environments. The increasing reliance on adaptive, low-bandwidth, learner-
centred, and flexible educational systems following global digital acceleration has
created growing demand for context-sensitive learning models capable of functioning
under infrastructural instability. In this regard, the framework contributes not only as a
localised educational solution but also as a conceptual response to emerging challenges
in sustainable digital pedagogy, resilient learning design, and equitable technology-

mediated education within resource-constrained environments.

5.7 Recommendations

5.7.1 Policy-Level Recommendations

At the policy level, the study recommends the establishment of a national digital
transformation strategy for higher education that prioritises accessible and inclusive e-
learning systems. This includes defining minimum online learning requirements,
ensuring policy alignment across institutions, and providing subsidised educational data
packages for students to reduce digital access disparities. Such coordinated policy
interventions are essential for enabling the sustainable integration of interactive digital

learning technologies within Yemeni universities.
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5.7.2 Technical Recommendations

Technically, the findings highlight the need to deploy scalable learning
platforms that function effectively in low-bandwidth environments. Implementing
adaptive streaming, localised content delivery, and culturally relevant interface design
can significantly enhance usability and learner engagement. The integration of
interactive video systems with national learning management platforms, alongside the
adoption of open-source infrastructure solutions, is recommended to reduce operational

costs and support long-term sustainability.

5.7.3 Institutional Recommendations

At the institutional level, universities should prioritise capacity building by
providing targeted training for faculty, administrators, and students in digital pedagogy
and interactive media design. Establishing clear institutional policies for e-learning
implementation and strengthening infrastructure through public—private partnerships
are critical steps toward improving digital readiness. The study also recommends the
creation of innovation units within universities to support the development and

maintenance of interactive educational technologies.

5.7.4 Community-Level Recommendations

At the community level, raising awareness of the educational value of
interactive learning technologies is essential for fostering acceptance and engagement.
Encouraging collaboration among educators, students, and local communities can
support the contextual adaptation of digital content. Additionally, establishing
continuous feedback mechanisms allows institutions to refine digital learning practices

based on learner experiences and evolving community needs.

5.8 Limitations and Theoretical Considerations

Despite its contributions, this study has several limitations. The research was
conducted with a limited sample of institutions and governmental stakeholders, which

may affect the generalizability of the findings. The data reflect current infrastructural
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and policy conditions, which are subject to change in unstable contexts. Furthermore,
the HyperLearnX prototype was evaluated at a framework level rather than through
nationwide deployment, and the impact of extreme electricity instability on long-term
system performance remains underexplored. Observational data within this study
functioned primarily as contextual and supportive field observations rather than
systematic behavioural tracking data. Consequently, the thematic analysis relied more
heavily on interview and focus group narratives than on interaction analytics or formal
usability observation protocols.

While HyperLearnX incorporates scaffolded interaction inspired by Vygotskian
sociocultural principles, the framework does not claim to replicate the full complexity
of human-mediated learning or the adaptive responsiveness of a human “More
Knowledgeable Other.” Rather, the system functions as a supportive mediating artefact
that facilitates guided interaction, reflection, and structured progression within digitally
constrained learning environments. Human instructors remain central to contextual
interpretation, emotional support, collaborative meaning-making, and adaptive
pedagogical decision-making processes. Accordingly, HyperLearnX should be
understood as a complementary pedagogical support system rather than a replacement

for the human educator.

5.9  Future Directions and Design Implications for HyperLearnX

This section articulates a forward-looking, design-driven vision for
HyperLearnX as an evolving digital-art pedagogy ecosystem rather than a fixed
technological product. Building on the empirical findings, this vision reframes
HyperLearnX as a living design logic shaped by aesthetic intentionality, sociocultural
mediation, and technical pragmatism. The future of HyperLearnX is therefore not
defined solely by software upgrades, but by how artistic values, pedagogical ethics, and
infrastructural realities coalesce into a sustainable learning ecology for low-bandwidth
contexts.

From a digital arts perspective, HyperLearnX can be understood as a form of
pedagogical design practice, where instructional structure itself becomes an artistic
medium. Participants’ reflections, particularly those from creators, technicians, and
senior academics, suggest that the system’s future lies in its capacity to translate

constraint into aesthetic principle. Compression, modularity, and minimalism are not
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merely technical responses; they represent an emergent design language in which
clarity, rhythm, and restraint function as aesthetic virtues. In this sense, HyperLearnX
can be interpreted as reflecting a form of “constraint-based creativity,” where
technological scarcity may generate alternative artistic and pedagogical possibilities
rather than solely functioning as a limitation (Alshabi, Salim, & Ab Ghafa, 2025).
Several participants implicitly pointed toward this future by emphasising that
adaptive compression, lightweight interaction, and caching mechanisms should not be
treated as invisible background processes, but as core components of the learning
experience. CT1 and Dr Hesham, for example, framed compression and caching as
prerequisites for any viable system in Yemen. When interpreted through a design lens,
these technical requirements become aesthetic conditions: they shape how colour
fidelity, motion, and pacing are rendered, and therefore how visual meaning is
perceived. The future HyperLearnX system can intentionally integrate these constraints
into its visual grammar, ensuring that efficiency and beauty are co-produced rather than

positioned in tension.

5.9.1 Design Decision Principles under Technical Constraints

In situations of severe bandwidth limitation or unstable connectivity, the
HyperLearnX framework prioritises pedagogical continuity over aesthetic richness.
This prioritisation ensures that learning integrity, conceptual understanding, and guided
interaction remain the primary objectives, while aesthetic elements are simplified rather
than eliminated. Within this approach, visual clarity, instructional pacing, and cognitive
scaffolding are preserved even when advanced visual effects or high-resolution media
cannot be sustained. This principle reflects the framework’s context-sensitive design
philosophy for low-resource educational environments.

A key design-driven direction for HyperLearnX lies in the development of
modular micro-learning artefacts. Rather than relying on long-form linear videos, the
future system can be structured as a constellation of short, hyperlinked visual units that
function as design objects in their own right. Participants such as CT5 and CT4
highlighted buffering and loading time as unavoidable realities. Their recommendations
to transform these interruptions into interactive or reflective moments suggest a

reimagining of time itself as a design material. In this future vision, pauses are not
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failures but intentional temporal spaces for reflection, critique, and micro-assessment,
echoing studio-based pedagogical practices in art and design education.

From an aesthetic standpoint, this design-driven future also implies a deeper
integration of visual narrative and interaction. Rather than presenting interaction as a
functional add-on, HyperLearnX can evolve toward a model where hyperlinks,
prompts, and decision points operate as narrative devices. These elements guide learners
through conceptual storylines in colour theory, such as journeys through hue
relationships, contrast dynamics, and emotional colour associations, transforming
learning into an exploratory visual experience. Such an approach aligns with
participants’ descriptions of interaction as something that “forces you to think, not just
watch,” positioning learners as active co-authors of meaning rather than passive
recipients of content.

The vision for HyperLearnX also extends into the realm of collaborative and
socially distributed learning. Although peer collaboration was underrepresented in
explicit NVivo coding, several accounts pointed to informal sharing practices, such as
students exchanging downloaded content offline. These practices reveal an emergent
peer-based learning economy. A future iteration of HyperLearnX can intentionally
design for such social circulation by embedding features that support offline sharing,
peer annotation, and collaborative critique. In digital arts education, critique and
dialogue are central to learning; embedding these practices into the hypertext-
interactive architecture can transform HyperLearnX into a socio-aesthetic platform
rather than a one-way delivery system.

Institutionally, the future of HyperLearnX depends on its capacity to function as
a scalable design framework rather than a localised experiment. Participants from
governmental and administrative backgrounds repeatedly emphasised the absence of
unified strategies and sustainable funding. In response, this design-driven vision
proposes that HyperLearnX be positioned as a flexible, open framework that institutions
can adopt incrementally. Its open-source compatibility, as emphasised by GO1 and Dr
GO2, enables universities to customise, localise, and extend the system according to
their capacities. This adaptability is not only technical but also cultural and pedagogical,
allowing HyperLearnX to reflect local artistic traditions, visual languages, and

educational priorities.
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5.9.2 Positioning the HyperLearnX Framework within Context-Constrained
Digital Education

HyperLearnX is designed as a hybrid model combining top-down institutional
adoption with bottom-up educator-driven adaptation, ensuring both policy alignment
and contextual flexibility in low-resource contexts. While institutional support remains
important for long-term scalability and sustainability, the framework is intentionally
structured to remain pedagogically functional even in decentralised or educator-led
implementation contexts. This flexibility enables gradual adoption according to local
infrastructural realities, institutional readiness, and instructional needs.

From a critical design perspective, this future vision also acknowledges the
ethical dimensions of digital pedagogy. The formal copyright registration of
HyperLearnX establishes it as a creative research artefact, but its ethical value lies in
how it mediates access, inclusion, and agency. Participants repeatedly referenced rural
learners, marginalised regions, and economically constrained students. A design-driven
future for HyperLearnX must therefore prioritise ethical minimalism, designing not for

technological spectacle but for dignity, continuity, and equitable participation.

5.9.3 Contextual Extensions of the HyperLearnX Framework

Future refinements of the HyperLearnX framework may further strengthen
inclusive and context-sensitive learning by integrating additional adaptive design
considerations. These may include gender-inclusive accessibility pathways,
emotionally responsive interaction patterns, and rural low-bandwidth accessibility
modes. In practice, this could involve mobile-first access options for learners with
limited device ownership, flexible pacing structures that reduce emotional fatigue
during unstable learning conditions, and micro-learning segmentation to support
concentration in interrupted environments. The framework may also incorporate
simplified offline learning pathways specifically designed for geographically
marginalised regions where continuous connectivity cannot be guaranteed. Rather than
functioning as supplementary features, these contextual extensions reinforce the
framework’s commitment to equitable, sustainable, and human-centred digital art

education in resource-constrained settings.
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In this framework, design becomes an ethical act: decisions about colour
resolution, file size, and interface complexity directly shape who can participate and
who is excluded.

Moreover, this future-oriented vision reframes HyperLearnX as a research-
informed design laboratory. Rather than treating the current model as a finished
solution, participants implicitly positioned it as a prototype open to critique and
evolution. This aligns with creative research methodologies in digital arts, where
iterative prototyping, user feedback, and reflective practice are integral to knowledge
production. Future development of HyperLearnX can therefore incorporate continuous
user testing, co-design with students and lecturers, and design-based research cycles.
Such an approach strengthens both the artistic integrity and the pedagogical legitimacy
of the system.

Importantly, this design-driven vision situates HyperLearnX within a broader
philosophical shift in digital education. Instead of aspiring to replicate high-bandwidth,
high-resource learning environments, HyperLearnX articulates an alternative paradigm
grounded in appropriateness, sustainability, and contextual intelligence. Participants’
accounts suggest that success in Yemen is not measured by technological parity with
global platforms, but by continuity, usability, and meaningful engagement. In this sense,
HyperLearnX represents a counter-model to dominant narratives of digital
transformation. It proposes that innovation in low-resource contexts can generate
original pedagogical and aesthetic forms that are globally relevant.

In summary, the future of HyperLearnX is best understood as a design-driven
ecosystem where aesthetic mediation, pedagogical choreography, and technical
adaptation are inseparable. This vision positions HyperLearnX not only as a tool for
teaching colour theory, but as a platform for reimagining how digital arts education can
function under constraint. By embracing limitation as a design principle, prioritising
ethical accessibility, and fostering collaborative and narrative interaction, HyperLearnX
can evolve into a sustainable, culturally resonant, and artistically grounded model for

digital learning in Yemen and comparable contexts.

5.9.3.1 Contextual Positioning of HyperLearnX

While existing interactive learning platforms such as Edpuzzle, Quizizz, and

conventional LMS-based video systems primarily focus on engagement and content

146



delivery within relatively stable digital infrastructures, the HyperLearnX framework
was conceptually developed for educational environments characterised by
infrastructural instability and limited connectivity. Rather than treating low bandwidth
and technological constraints as purely technical limitations, the framework reframes
these conditions as design considerations that require adaptive pedagogical strategies,
simplified aesthetic mediation, and resilient interaction structures. In this sense,
HyperLearnX extends beyond conventional interactive video models by integrating
pedagogical continuity, contextual accessibility, and technical adaptability into a
unified framework tailored for resource-constrained and conflict-affected higher
education environments. This positioning situates the framework within broader
discussions surrounding ICT4D, adaptive digital pedagogy, and context-sensitive

educational technology design.

5.10 Future Research

Future research should extend this work by empirically testing hypertext-
interactive video systems across diverse regions in Yemen to assess scalability and
contextual adaptability. Further studies may explore the integration of artificial
intelligence, adaptive feedback mechanisms, and culturally responsive multilingual
interfaces to enhance learner engagement.

Future studies may also explore emotionally responsive interaction design,
gender-sensitive accessibility models, and adaptive micro-learning structures tailored
for unstable and low-bandwidth educational environments. Additional research could
investigate how offline-first learning pathways and mobile-based interaction patterns
influence learner continuity and engagement in marginalised regions.

Comparative research across other developing and low-resource countries
would also provide valuable insights into the broader applicability of interactive video-
based digital learning models. Additionally, future studies may quantitatively evaluate
the HyperLearnX framework through prototype deployment and learner-performance

assessment in low-bandwidth educational settings.

5.11 Summary

The theoretical contribution of this study lies in repositioning hypertext-

interactive video not merely as a digital instructional tool, but as a context-sensitive
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aesthetic—pedagogical mediation framework shaped through sociocultural interaction,
creative resilience, and adaptive digital practice. This study provided a holistic
exploration of hypertext-interactive video as an innovative pedagogical tool in Art and
Design education within resource-constrained environments in Yemen. By
investigating technological feasibility, pedagogical effectiveness, and cultural
appropriateness, the research addressed three primary objectives: understanding
contextual challenges, evaluating the implementation of HyperLearnX, and proposing
a structured framework for sustainable digital learning.

The findings demonstrate that, despite infrastructural, political, and socio-
cultural limitations, Yemen’s higher education ecosystem is increasingly receptive to
digital transformation. Participant perceptions suggested that HyperLearnX, as a
proposed Al-supported hypertext-interactive video platform, has the potential to
enhance visual cognition, support scaffolded and collaborative learning, and foster
creative resilience among students and educators. The evidence underscores the
potential of interactive hypertext-interactive videos to overcome barriers such as low
bandwidth, limited digital infrastructure, and cultural restrictions, enabling access to
marginalised communities, including girls and students in conflict-affected regions.

The study contributes both theoretically and practically. Theoretically, it
advances understanding of the interplay between aesthetic mediation, pedagogical
adaptation, and technological innovation in constrained educational contexts.
Practically, it offers actionable guidance for educators, academic institutions, technical
teams, and policymakers to design, implement, and scale hypertext-interactive video
digital learning interventions. The proposed national framework provides a structured
roadmap for integrating interactive videos into Art and Design curricula, emphasising
interface design, visual coherence, interactivity, and accessibility.

In conclusion, this research not only validates the efficacy and cultural
suitability of HyperLearnX in Yemen but also lays a foundation for future innovation
in digital arts education. By bridging technological, pedagogical, and creative
dimensions, it provides a replicable model for enhancing inclusive and engaging
learning in resource-limited settings, offering valuable insights for both local and

international stakeholders.
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APPENDIX A

Interview Protocol and Question Sets for Semi-Structured Interviews

This appendix presents the interview protocol and semi-structured question sets used to
guide data collection in this qualitative study. The questions were developed with
reference to sociocultural perspectives on artistic learning and knowledge construction,
emphasising interaction, guided exploration, and meaning-making within digital art
environments. The protocol was adapted for four participant groups:

Government Officials
University Lecturers
University Students

b=

Technical Experts (Developers / Digital Media Specialists)

Each group received a tailored set of questions framed in direct alignment with the
research objectives, focusing on patterns of use of hypertext interactive video within
art and design education, particularly in contexts with limited digital infrastructure,
such as Yemen.

A.1 Interview Protocol
1. Introductory Script (General Version)

At the beginning, each interview commenced with a briefing on the study objectives,
confidentiality protocols, and a demonstration of a sample hypertext interactive video
used to illustrate the concept. They were also informed that HyperLearnX is a
registered creative-educational concept, and that the demonstration video serves only
as an illustrative example.

2. Video Demonstration

A short (approx. 3-minute) sample hypertext-interactive video showcasing interactive
elements such as layered information, branching paths, and visual cues was shown to
familiarise participants with the artistic and educational possibilities of the medium.

3. Interview Closing Note

Each session concluded with an appreciation message, reiterating confidentiality and
thanking participants for their contribution to advancing digital art education research.

A.2 Semi-Structured Question Sets
Interview Questions for Government Officials

Section 1: Arts and Cultural-Educational Landscape
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What challenges do art and design institutions in Yemen face when integrating digital
media into studio-based learning?

Are there current national initiatives supporting digital creativity or interactive art tools?
Section 2: Perceptions of hypertext-interactive video in the Arts

3. In your view, can interactive media such as hypertext-interactive video enhance
learning and creativity in the arts?

4. Which artistic disciplines (e.g., digital arts, design, visual communication) might
benefit most from such tools?

Section 3: Policy and Implementation

5. To what extent can tools like HyperLearnX be incorporated into higher education
strategies in the arts?

6. What requirements (infrastructure, policy, training) are needed for implementation
at a national level?

7. How can researchers collaborate with cultural or educational authorities to support
sustainable adoption?

Section 4: Future Vision

8. How do you envision the future of digital arts education in Yemen?

9. Could low-bandwidth-compatible creative tools expand access to artistic learning?
Interview Questions for University Lecturers

Section 1: General Perceptions

What is your initial impression of the interactive video demonstrated?

Do you believe such media can support learning in art and design contexts? Why?
Section 2: Artistic and Pedagogical Use

3. Which interactive features enhance artistic understanding or student engagement?

4. How could lecturers integrate this tool into studio teaching or theory-based courses?

5. Do hypertext links and embedded information support exploratory or self-directed
artistic learning?

Section 3: Feasibility in Yemen
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6. What challenges may arise when using these tools in Yemeni art and design
programs?

7. How might limited infrastructure or digital literacy affect students’ creative
engagement?

Section 4: Artistic Pedagogy and Theory

8. What role should the lecturer play when students use interactive media for artistic
exploration?

9. Does this interactivity resonate with artistic learning theories such as scaffolding or
collaborative meaning-making?

Section 5: Recommendations

10. What design or content improvements could make such videos more effective in
teaching multimedia?

11. What adaptations would you recommend for Yemeni learners or studio
environments?

Interview Questions for University Students

Section 1: First Impressions

How was your experience engaging with the interactive video?

Did it help you understand artistic concepts better than regular videos?

Section 2: Interaction and Creativity

3. Were the embedded links and visual cues helpful in exploring the content? Why?
4. Did you feel the need for additional explanation from your lecturer?

Section 3: Ease of Use

5. Did you face any technical challenges (loading, navigation, interaction)?

6. Does this type of video suit your learning environment, tools, and internet access?
Section 4: General Feedback

7. Would you prefer learning some art or design subjects with this method? Why?
8. What suggestions would make such creative—educational videos more effective?

Interview Questions for Technical Experts (Digital Media / Developers)
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Section 1: Perception of the Technology

What is your general opinion on using hypertext-interactive video for digital arts
education in low-bandwidth settings?

Is it technically feasible on 3G or limited-speed networks?
Section 2: Technical Considerations

3. What development challenges might arise when producing interactive art videos like
HyperLearnX?

4. Which compression or optimisation techniques best support smooth interaction in
low-speed environments?

5. Are there open-source creative frameworks suitable for reducing production costs?
Section 3: User Experience and Aesthetics

6. What factors most influence the user experience of interactive media in low-
bandwidth contexts?

7. How can loading delays or interruptions be minimised?

&. What UI/UX elements are essential for art students unfamiliar with interactive media
tools?

Section 4: Sustainability and Creative Development
9. Could the system later integrate with learning or digital-portfolio platforms?

10. What skills are essential for the technical team developing such a creative
educational tool?

11. What partnerships or collaborations would support realistic implementation?
Summary

These question sets guided all interviews and the focus groups involved in the study.
Their design aimed to:

C1.Generate rich, role-specific insights
C2. Explore artistic, technological, and policy dimensions
C3. Align with the qualitative, interpretive nature of digital art education research

C4. Support systematic thematic analysis using NVivo
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APPENDIX B
Copyright Registration Documents for HyperLearnX

Introduction: This appendix presents the official copyright registration and technical
documentation of HyperLearnX: Adaptive hypertext-interactive video for Low-
Bandwidth Education, a system and instructional design model developed by the
researcher to support accessible and interactive visual learning in constrained digital
environments. As referenced in Chapter 4 (Sections 4.1 and 4.4), HyperLearnX
functions as the conceptual framework guiding the design, interpretation, and
pedagogical analysis of hypertext video within this study. The model was voluntarily
registered through the Malaysian Intellectual Property Corporation (MyIPO) as
stipulated under Section 26B of the Malaysian Copyright Act 1987, ensuring formal
recognition of authorship and intellectual ownership. HyperLearnX integrates adaptive
video compression, Al-based semantic analysis, and non-linear hypertext interaction to
provide an educational solution tailored for 2G/3G environments and underserved
communities, especially in developing countries.

Copyright Registration Documents (MyIPO)

The following documents verify the legal status of HyperLearnX as copyrighted
intellectual property: Title of Work: HyperLearnX: Adaptive Hypertext Video for Low-
Bandwidth Education.

Author: Elham Mohammed Kaid Alshabi. Category: Literary / Digital Media. Date of
Creation: 15 June 2025. Date of Notification: 05 August 2025. Notification Number:
CRLY2025W07508. Application Number: LY2025070605

Issuing Authority: Malaysian Intellectual Property Corporation (MyIPO), Ministry of
Domestic Trade and Cost of Living. The appendix includes:

B.1: Official Notice of Copyright Registration

B.2: Certificate of Copyright Notification
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B.3: Authorship and Co-ownership Details

PEREBADAMAN HARTA INTELEK MALAYSIA
INTELLECTUAL PROPERTY CORPORATION OF MALAYSIA
{Agensi di bawsah KPDN)

Aras LG, G, 2-5, 11-13 8 18-23,

Menara MylPO, PJ Sentral,

Lot 12, Perslaran Baral, Seksyen 52, Tl
43200 PETALING JAYA, SELANGOR, FaksiFax)
MALAYSIA Laman Sesawang

@

03 — 7496 8900
#3032 — 7496 BASg
WYY I0, OV, Y

Tuan/Puan

ELHAM MOHAMMED KAID ALSHARI
LITM SHAH ALAK

40450 SHAH ALAM, SELANGOR,
MALAYSIA,

NOTIFIKASI PEMBERITAHUAN HAK CIPTA
{Seksyen 26A(3) Akta Hak Cipla 1987)

AT

Sukacita dimaklumkan, maklumat butiran Pemberitahuan Sukarela Hak Cipta fuan/puarn felah
direkedkan ke dalam Dafiar Hak Cipta sebagaimana diperuniukkan di bawah Sekesyen 26B
Akla Hak Cipta 1887, Butiran Pemberitahuan Hak Cipta adalah seperti berikut:.

BUTIRAN KARYA

TAJUK KARYA HYPERLEARNX: ADAPTIVE HYPERTEXT VIDEQ
FOR LOW-BANDWIDTH EDUCATION

KATEGORI KARYA . SASTERA

TARIKH KARYA DICIPTA ;15 JUN 2025

TEMPAT PENERBITAN YANG @ TIDAK BERKAITAN

PERTAMA

MO. PEMBERITAHUAMN 1 CRLY2025WO7058

NO. PERMOHONAN 1 LY2025W0T058

TARIKH PERMOHONAN 3 08 OGOS 2025

BUTIRAN PENCIPTA

NAMA PENCIPTA . ELHAM MOHAMMED KAID ALSHABI

NRIC / NO. SYARIKAT LM 3

WARGANEGARA . YEMEN

NAMA PENCIPTA : NEESA AMEERA BINTI MOHAMED SALIM

NRIC ! NO. SYARIKAT T SANE AT

WARGANEGARA 1 MALAYSIA

(Agensi di bawah Kementerian Pardagangan Dalam Megeri dan Kos Sara Hicup)

Figure B 1 Official Notice of Copyright Registration (MyIPO)
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Fariz Azuan Harun
Pencil


NAMA PENCIPTA ¢ SAIFUL AKRAM CHE COB @ AE GHAFAR
NRIC { NO. SYARIKAT  TH080B035405
WARGANEGARA 1 MALAYSIA

BUTIRAN PEMILIK

NAMA PEMILIK ! UNIVERSITI TEKNOLODGI MARA (LT}

NRIC | NO. SYARIKAT : TIDAK BERKAITAN

ALAMAT : UNIVERSITI TEKNOLOGI MARA (LITM),
40450 SHAH ALAM, SELANGOR,
MALAYSIA

WARGANEGARA 1 TIDAK BERKAITAN

BUTIRAMN PEMEGAMNG LESEN

PEMEGANG LESEMN : TIDAK BERKAITAN

Sijil Pemberitahuan Hak Cipta yang dikeluarkan oleh MylPO boleh dijadikan satu keterangan
prima facle di Mahkamah mengenai buliran yang direkodkan, Sebarang perubahan kepada
rmaklumat di atas, tuan'puan boleh mengisi borang-borang barkaitan untuk direkodkan dalam
Daftar Hak Cipta.

“AKHIR NOTIS*™

Pengawal Hak Cipta
Tarikh: 08 Ogoe 2025

Matis Pemberitahuan Hak Cipta dihasilkan oleh komputer. Tiada tandatangan dipeslukan.

Figure B 2 Details of Authorship and Registration Record
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COPYRIGHT ACT 1987
COPYRIGHT (VOLUNTARY NOTIFICATION) REGULATIONS 2012

CERTIFICATE OF COPYRIGHT NOTIFICATION
[Subregulation 8(2)]

Notification Number : CRLY2025W07058

Title of Work ¢ HYPERLEARNX: ADAPTIVE HYPERTEXT VIDEO
FOR LOW-BANDWIDTH EDUCATION

Category of Work : LITERARY

Date of Notification ¢ 05 AUGUST 2025

Date of Creation ¢ 15 JUNE 2025

This is to certify, under the Copyright Act 1887 [Act 332] and the Copyright
(Voluntary Notification) Regulations 2012 that the copyrighted work bearing the
Notification No. above for the applicant UNIVERSITI TEKNOLOGI MARA (UITM) as the
OWNER and ELHAM MOHAMMED KAID ALSHABI (14258623), NEESA AMEERA
BINTI MOHAMED SALIM (830413715016), SAIFUL AKRAM CHE COB @ AB
GHAFAR (790806035405) as the AUTHOR have been recorded in the Register of
Copyright, in accordance with section 26B of the Copyright Act 1987 [Act 332]

YUSNIEZA. >SYARMILA BINTI YUSOFF
DEPUTY CONTROLLER OF COPYRIGHT
MALAYSIA

{Agency under the Ministry of Domestic Trade and Cost of Living)

Figure B 3 Certificate of Copyright Notification

These documents confirm that the HyperLearnX framework used throughout this
dissertation is a legally protected instructional design model.

Technical Background of the HyperLearnX System
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HyperLearnX is positioned at the intersection of digital video compression, Al-based
content analysis, and interactive hypertext pedagogy. It addresses a fundamental global
problem: the inability of conventional streaming technologies (e.g., H.264, VP9) to
support educational video delivery in low-bandwidth regions such as Yemen (Hoang &
Zhou, 2021; UNESCO, 2020)

Educational videos typically require stable broadband, which excludes learners who
rely on: 2G or intermittent 3 G networks, rural or conflict-affected areas, costly mobile-
data bundles, unstable infrastructure.

Existing research also highlights the pedagogical advantage of hypertext video, yet such
formats consume additional bandwidth (Rouet, 2006; Mittal et al., 2024). HyperLearnX
resolves these limitations through an adaptive compression algorithm capable of
preserving meaningful visual information while drastically reducing file size.

SmartZone Compression for Mobile Networks (SZCM)

At the core of HyperLearnX is SmartZone Compression for Mobile Networks (SZCM),
a selective, semantic-aware compression engine that:

Detects Zones of Interest (ZOIs) using deep learning, such as YOLOv3 (Redmon &
Farhadi, 2018) preserves essential regions (faces, diagrams, instructional text), applies
aggressive compression to background or redundant areas, and adjusts bitrate based on
predicted or real-time bandwidth(Balachandran et al., 2013; Khan, 2024) supports
partial offline caching, reduces file sizes by 40-70% while maintaining perceptual
clarity (Liu et al., 2019, 2021)

This selective compression aligns with semantic-aware coding models proposed in
recent literature (Wu, J., Xiong, Y., Yu, S., Lin, 2018), which prioritise educationally
relevant regions to maintain learning integrity.

System Architecture and Workflow
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SECTION 1: START Start 101

& CONTENT v
ANALYSIS User uploads hypertext educational video 102

v

Does the video
Yes contain critical No
+ visual elements

()
Al-based Zone Detection (using YOLO or (e.g:, faces, text)?

Vision Transformer) 107 103
¢ Apply high compression 14
Segment video into Zones of Interest (ZOIs) and
background 108 ¢

Compress background 105

Apply SmartZone Compression: High- content only, preserve clarity

quality for ZOlIs, low for background 109 ¢

Apply low compression 110 Tag segment as low priority 106

v

Preserve clarity 111

Prioritize buffering 112
|

v

Send segment to 113
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SECTION 2: *
BANDWIDTH . . .
A h
ADAPTATION djust bitrate based on bandwidth 114

v
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v
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SECTION 3; Y |
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USER
v
End

Figure B 4 System Flowchart of the HyperLearnX SmartZone Compression Workflow
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The workflow consists of three main stages:

Stage 1: Content Ingestion & Al Zone Detection. Hypertext-enhanced video is
uploaded by the educator. Al analyses frames to detect critical visual content (ZOIs).
Segmentation distinguishes between: educationally meaningful zones (301),
background regions (302), and Al-guided masks (303). See Figure B5: Example of
Semantic Segmentation

; Questions(3)

9. Ql:Hotspot 0138 &

Click on all the primary colors in the
image

B Q:MQ Qg

‘Which two colors mix to create purple?

vibrancy, while analogous colors provide
harmony. Understanding primary,...

¢ ¢ o

Add questions or notes (Pause the video at any time stamp to add a question there)

Figure B 5 Al-Based Semantic Segmentation Mask for Zones of Interest (ZOIs)

Stage 2: Smart Compression & Bandwidth Adaptation. Compression rates are
distributed according to semantic importance. Bandwidth estimator predicts network
degradation. Adaptive Controller chooses optimal bitrate and delivery mode. Offline
caching is triggered if bandwidth <100 kbps.

Stage 3: Interactive Delivery & Playback (Conceptual Stage)

At this stage, HyperLearnX is conceptually designed to be delivered through a
lightweight HTMLS player capable of supporting adaptive streaming and hypertext
navigation. While the system architecture has been defined (see Figures B5 and B6),
the researcher has not yet developed a working prototype or interface. Therefore, no
user interface (UI) is presented as part of HyperLearnX in this appendix.

To illustrate the conceptual idea of hypertext interaction, a sample interface from an
existing educational platform (non-proprietary and not part of this invention) is included
for explanatory purposes only. Figure B6: Conceptual Example of a Hypertext Video
Interface (This figure is not part of HyperLearnX. It is provided solely to demonstrate
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how hypertext interaction works in general, as explained during participant interviews.)

&

Type Classification

202

Figure B 6 Conceptual Interface Example of a Hypertext Video (Illustrative Only)

Pedagogical Relevance and Integration into This Study

HyperLearnX is used in this dissertation in three ways: As a conceptual model
supporting the interpretation of Hypertext video learning. As a pedagogical artefact
demonstrating how interactive video supports scaffolding, multimodal perception, and
creative cognition (Vygotsky). As a technical-aesthetic framework illustrating how low-
bandwidth constraints can be transformed into innovations for art and design education.
These connections are essential to the findings discussed in Chapter 4, especially
regarding: Aesthetic Mediation, Creative Resilience, Pedagogical Adaptation

Summary

This appendix documents the legal and technical foundation of HyperLearnX. It
establishes: formal copyright protection, technical legitimacy, theoretical relevance,
integration with low-bandwidth educational needs, and alignment with the broader
sociocultural framework adopted in the study. HyperLearnX is not merely a
technological artefact; it is a conceptual, aesthetic, and pedagogical model that supports
equitable access to art and design education in constrained environments.

169



APPENDIX C

Bilingual Interview Protocol (Field Version)

Note: The interview questions were originally developed in English and translated into
Arabic for field implementation. A back-translation process was conducted to ensure
conceptual equivalence between both versions. For clarity and academic transparency,
both English and Arabic versions of selected questions are presented below.

This appendix presents the actual interview scripts used during the data collection phase
of this qualitative study. These scripts reflect the real procedures, introductory
statements, and semi-structured questions applied in the field with each participant

group.

All interviews were conducted in accordance with ethical research guidelines.
Participants were informed about the purpose of the study, assured of confidentiality,
and notified that their participation was voluntary. Interviews were conducted primarily
in Arabic, as this was the most appropriate language for participants in the Yemeni
context. English versions are provided here for academic documentation and
transparency.

A short sample hypertext interactive video (approximately three minutes) was shown
during each interview session to demonstrate the concept of hypertext video. The
demonstrated video was sourced from an existing platform and used solely for
illustrative purposes. At the time of data collection, no prototype or minimum viable
product (MVP) of a proposed conceptual model (HyperLearnX) had been developed.
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dah o sgdall ania 5il AailE diaia (o i Glolii gl U jas Ve (asela (S15 «(MVP)
Actual Interview Script — Government Officials
Introductory Statement
aSile 3Ll and thank you sincerely for taking the time to participate in this interview.

My name is Elham Mohammed Kaid Alshabi, and I am a Master’s student at
Universiti Teknologi MARA (UiTM), Malaysia. I am currently conducting a research
study entitled:

“Advancing Hypertext Video-Based Learning in Art and Design Education: An

’

Interpretive Case Study of Colour Theory Learning Among Art Students in Yemen.’

This study explores how interactive video technologies, specifically hypertext video,
can support teaching and learning in art, design, and related disciplines, particularly in
higher education contexts facing limited digital infrastructure, such as Yemen. The
study focuses on colour theory as a representative course.

As part of this research, I have developed a registered creative-educational concept
known as HyperLearnX, designed to deliver interactive educational videos compatible
with low-bandwidth (3G) environments. At this stage, no prototype has been
developed; therefore, a sample hypertext video from an existing platform will be
shown solely to illustrate the concept.

All information shared during this interview will be treated with strict confidentiality
and used exclusively for academic purposes.

Interview Questions
Section 1: Understanding the Educational and Technological Landscape

From your perspective, what are the main challenges faced by higher education
institutions in Yemen in terms of using technology in teaching?

Are there any current trends, strategies, or plans supporting digital education or
interactive learning tools in Yemeni universities?

Section 2: Engagement with Hypertext Video

3. Do you think interactive video technologies such as hypertext video can contribute
to improving the quality of education, particularly in the arts and design fields?

4. In your opinion, which student groups or academic disciplines would benefit most
from such tools?

Section 3: Practical and Policy Aspects

5. To what extent could interactive tools like HyperLearnX be integrated into national
higher education strategies or projects?
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6. What essential requirements (infrastructure, policy frameworks, training) are
needed to implement such initiatives at a national level?

7. How can researchers and developers collaborate effectively with governmental or
educational authorities to ensure sustainable adoption?

Section 4: Impact and Future Policies
8. How do you envision the future of interactive or digital education in Yemen?

9. Do you believe that low-bandwidth-compatible educational tools could significantly
improve access to higher education?

Closing Note

Thank you very much for your valuable time and insights. Your contribution is greatly
appreciated and will support the development of practical recommendations aimed at
improving higher education in Yemen. All responses will remain confidential and will
be used solely for academic research purposes.
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Actual Interview Script — University Lecturers (Art & Design)

Introductory Statement
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oSile 23l and thank you for participating in this research interview.

My name is Elham Mohammed Kaid Alshabi, a Master’s student at Universiti
Teknologi MARA (UiTM), Malaysia. This research examines the potential of
Hypertext video to support teaching and learning in art and design education, using
colour theory as a case study within the Yemeni higher education context.

HyperLearnX is a registered educational concept designed to deliver interactive
learning content in low-bandwidth environments. As no prototype has yet been
developed, a sample hypertext video from an existing platform will be shown to
illustrate the concept.

Interview Questions
Section 1: General Perceptions
What is your initial impression of the interactive video demonstrated?

Do you believe this type of video can support learning in art and design courses?
Why?

Section 2: Educational Potential

3. Which features of the video stood out in terms of supporting understanding or
engagement?

4. How could lecturers integrate such interactive videos into studio-based or
theoretical courses?

5. Do hypertext links and embedded information enhance students’ exploratory or
self-directed learning?

Section 3: Feasibility in the Yemeni Context

6. What challenges may arise when implementing such tools in Yemeni art and design
programs?

7. How might limited digital infrastructure or students’ digital literacy affect
effectiveness?

Section 4: Pedagogical and Theoretical Dimensions
8. What role should the lecturer play when students use interactive video for learning?

9. Does this form of interactivity align with pedagogical concepts such as scaffolding
or collaborative learning?

Section 5: Recommendations
10. What improvements would you suggest to enhance the effectiveness of such
videos?
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11. What adaptations would be necessary for Yemeni learners or institutional
contexts?

Closing Note

Thank you for your valuable academic insights. Your contribution will inform the
pedagogical and design recommendations of this study.
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Actual Interview Script — University Students
Introductory Statement
Thank you for agreeing to participate in this interview.

This study explores a new way of learning using interactive educational videos that

allow learners to engage with content through links and additional information, even
with limited internet access. You will be shown a short sample video, after which your
feedback as a student will be requested.

Interview Questions

Section 1: First Impressions
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How was your experience watching the interactive video?

Did it help you understand the content better compared to regular videos?
Section 2: Interaction and Support

3. Were the embedded links and visual cues helpful? Why?

4. Did you feel the need for additional explanation or guidance while watching?
Section 3: Ease of Use

5. Did you face any technical difficulties while using the video?

6. Does this type of video suit your learning environment and internet conditions?
Section 4: General Feedback

7. Would you prefer to learn some subjects using this interactive method? Why?
8. What suggestions would improve this type of educational video?

Closing Note

Thank you for your participation. Your feedback is essential for improving educational
tools designed for learners in challenging contexts.

Actual Interview Script — Technical Experts (Developers / Digital Media
Specialists)

Introductory Statement
Thank you for participating in this interview.

This research investigates the feasibility of delivering interactive educational video
content in low-bandwidth environments through hypertext video technology.
HyperLearnX is a registered concept aimed at addressing technical and educational
challenges in underserved contexts such as Yemen. A short sample hypertext video
was shown during the interview solely to illustrate the concept.

Interview Questions
Section 1: General Perception of the Technology

What is your initial opinion on using hypertext video for educational purposes in low-
bandwidth environments?

Is such a system technically feasible on 3G or limited-speed networks?
Section 2: Technical and Practical Aspects

3. What development challenges might arise when producing interactive educational
videos like HyperLearnX?

4. What compression or optimisation techniques could support smooth interaction?
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5. Are there open-source frameworks that could reduce development costs?

Section 3: User Experience and Performance

6. What factors most influence user experience in low-bandwidth interactive video?
7. How can loading delays or interruptions be minimised?

&. What UI/UX considerations are essential for users unfamiliar with interactive
media?

Section 4: Sustainability and Future Development

9. Could such a system be integrated with learning management or digital portfolio
platforms?

10. What skills are essential for the technical development team?
11. What partnerships would support sustainable implementation?
Closing Note

Thank you for your valuable technical insights. Your contribution supports the
practical feasibility and sustainability considerations of this research.
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APPENDIX D

Data Collection Instruments and Protocols

Introduction

This appendix presents the complete set of instruments and procedures used for data
collection in this study, including expert validation processes, semi-structured interview
protocols, focus group discussion (FGD) guidelines, observation checklists, and
participant profiles.

The data collection was conducted using qualitative methods to ensure depth of
understanding and triangulation of perspectives across different stakeholder groups,
including experts, educators, government officials, creators, technicians, and students.

Participants were initially assigned unique identification codes for organisational and
analytical purposes in accordance with ethical standards of the University Research
Ethics Committee.

Ethical Approval

This study received ethical approval from the Universiti Teknologi MARA (UiTM)
Research Ethics Committee.

Approval Details:
a) Approval Code: REC/08/2025 (PG/MR/474)

b) Title: Advancing Hypertext Video-Based Learning in Art and Design
Education: An Interpretive Case Study of Colour Theory Learning Among Art
Students in Yemen

The official approval notification was received via email from the Ui'TM RED System
and is attached in this appendix.

All participants were recruited only after obtaining this ethical approval, and informed
consent was secured before their participation.

All participants explicitly requested that their professional identities and contributions
be acknowledged within the study. Written and verbal consent was obtained before
participation and documentation. The disclosure of participant identities was therefore
conducted in accordance with participant approval and institutional ethical procedures.
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This section presents selected excerpts from the semi-structured interviews and focus
group discussions conducted with participants.
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The interviews were originally conducted in Arabic to ensure participants’ comfort and
depth of expression. The transcripts were later translated into English by the researcher.

To ensure translation accuracy and credibility, the English versions were returned to the
respective participants for verification (member checking). Participants reviewed and
confirmed the accuracy of the translated content through direct communication.

The verified transcripts were then used for thematic analysis.

Although participant identification codes were initially assigned for organisational
purposes, all participants explicitly consented to the use of their real names in reporting
their contributions. Therefore, interview excerpts in this appendix are presented using
participants’ names along with their professional roles.

Expert Validation of HyperLearnX Content and Ul

Before data collection, the HyperLearnX content and user interface (UI) were reviewed
by selected experts in the fields of information technology, education, and interactive
media.

The purpose of this validation was to ensure alignment with the research questions and
to confirm the suitability of the system as a research stimulus.

Experts provided feedback on usability, clarity, pedagogical relevance, and technical
feasibility. Minor refinements were made based on their feedback before proceeding
with the data collection phase.

This is a summary of all the participants' interviews:
Section 1: Government Officials

Focus group with minister (Arabic language summary. Participant details are
presented in Table D.1.
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Translation to English

Dr Fuad Hasan Abdul Razzak, Ibrahim Sharaf, Deputy Minister of General Education,
and Ahmed Al-Ahzab

Introduction
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Greetings and peace be upon you. Thank you very much for dedicating this valuable
time to participating in this interview.

My name is Elham Al-Shaabi, a Master’s student at UiITM — Malaysia. I am currently
conducting a study titled: Advancing Hypertext Video-Based Learning in Art and
Design Education: An Interpretive Case Study of Colour Theory Learning Among Art
Students in Yemen

I have developed a technique for compressing video so that its size becomes very small.
For example, instead of a lecture lasting two hours, it can be compressed into about 15
minutes, with interactive questions inserted inside the video. This makes it possible to
work even with weak internet connections, as in Yemen.

The research problem I am addressing is that education in Yemen is sometimes not
accessible to certain groups, such as girls in rural areas or individuals who cannot attend
face-to-face.

I am very glad to meet you all today:

Dr Fuad Hasan Abdulrazzaq — Executive Director of the IT Centre.
Mr Ibrahim Sharaf — Deputy Minister of Education.

Mr Ahmed Al-Ahzab — from the Education Office.

Thank you for your time; this is truly a precious opportunity to have you together in one
session.

Presentation of the Idea

I presented the guests with a short one-minute example to explain the concept of
interactive video:

“This 1s not the final prototype, just a demonstration of the idea. A normal video can be

compressed, shortened, and questions can be embedded inside it. If the student answers
correctly, the video continues; if not, it goes back to the point they did not understand.
In this way, the video becomes interactive, smaller in size, and can run with weak
internet.”

Dialogue
Dr Fuad’s comment:

“Ms Elham, you are explaining quickly. Do you mean that you insert questions inside
the video so that the student interacts with it?”

Researcher:

“Yes, exactly. A video with questions related to the content. If the student answers
correctly, the presentation continues; if not, it goes back to the same point. Another thing
is that long lectures are often boring and repetitive, so I have added Al codes to remove
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unnecessary repetitions. This way the video becomes much shorter, with high quality,
and works even with weak internet.”

Dr Fuad’s concern:
“But interfering with the content using AI might result in losing some information.”
Researcher:

“No, nothing essential is removed. Only repeated sentences. For example, when the
lecturer says the same point many times. The goal is to make the video more focused.”

Researcher’s Question

“In your opinion, what are the main challenges facing higher education institutions in
using technology in teaching?”

Answer — Deputy Minister Ibrahim Sharaf:

“Technology is very important in education if it is employed in the right way. But we
need to be aware of its limitations. The role of the teacher and the human aspect should
not be eliminated. During COVID-19, e-learning became a necessity, and we used
Google Classroom and other platforms. The Ministry of Higher Education took the
initiative and issued standards for e-learning through the Accreditation Council, to
ensure that universities with capabilities could teach electronically.”

Policy Discussion

Dr Fuad: “The ministry has issued clear regulations and standards for e-learning, but
they have not been fully implemented yet. Some universities took the initiative to
prepare special studios, and others included goals related to e-learning in their program
specifications. There is also a plan to establish specialised units to follow up on this
matter.”

Mr Ibrahim Sharaf: “Some universities have committed to teaching at least one course
electronically, in preparation for any future crisis. This is already in the regulations and
must be applied.”

Discussion on HyperLearnX Project
Researcher’s Question:

“Do you think that a technology like HyperLearnX can improve the quality of
education, especially in majors such as computer science, design, or graphics?”

Answers:

“All fields can benefit, to varying degrees. Even scientific and theoretical subjects.
However, some programs require direct interaction and cannot replace face-to-face
learning.”

184



“If the technology proves effective, universities can be required to adopt it. But there
must be a clear framework, staff training, infrastructure, and equipment, along with
introducing students to how to use these technologies.”

“Any practically applicable initiative can be adopted by official bodies. But projects
that are too costly or unrealistic are difficult to implement.”

Future Prospects

Participants’ consensus:

The future of interactive learning in Yemen is promising despite the challenges.
Regulations already exist, but need actual implementation.

Conferences have been held that issued recommendations for building teachers’
capacity and improving infrastructure.

Introducing e-learning at least at a 25% level will help students adapt to digital
transformation in the future.

Providing educational tools that work with weak internet will be a real breakthrough.
Conclusion
Participants expressed their appreciation and support for the research idea:

“We are happy to take part in this focus group, and we hope your project succeeds
because it provides a real solution to the education problem in Yemen.”

Researcher’s closing remarks:

“I extend my sincere thanks and appreciation to all of you for giving your time. Your
contributions enriched the discussion and added important dimensions to understanding
the challenges and opportunities. I assure you that this information will be used
confidentially and only for academic purposes, and I hope that the research will present
a practical model to improve the quality of higher education in Yemen.”

Mossa Ghurab Sana, see Table D.1 for participant details
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Translation to English

Mossa Ghurab Sana'a University

Interview Two: As a Government / Policy-Making Official
Introduction

Dr Mossa Ghurab also spoke from the perspective of his involvement in educational
policy and his connections with the Ministry of Higher Education. He highlighted the
institutional and political challenges facing the implementation of digital learning
technologies and interactive video in Yemen.

The Reality of Higher Education
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He said: “Higher education in Yemen suffers from the absence of clear strategies. The
war has halted many projects, and the focus has shifted only to ensuring the minimum
operation of universities. There are no dedicated budgets for developing digital
education.”

He added: “There are individual efforts by lecturers who use free tools such as Google
Classroom or WhatsApp, but there is no comprehensive national system.”

The Role of the Ministry of Higher Education and Telecommunications

He explained: “The Ministry of Higher Education does not have a clear plan for digital
transformation. Even coordination with the Ministry of Telecommunications is very
weak. The latter focuses on providing basic telecom services and is not directly
concerned with education.”

He pointed out: “Any project like interactive video requires political decision-making
and government support, but at present, priorities go to war and security rather than
education.”

Institutional and Political Challenges

He mentioned: “The challenges are not only technical but also institutional. There are
no regulations to officially govern e-learning. Some universities tried basic solutions
during COVID-19, but they did not continue.”

He added, “Educational policies in Yemen are unstable. Each minister comes with a
new policy and then leaves. There is no sustainability.”

The Impact of War.

He clearly stated: “The war has affected everything: the budget, stability, even salaries.
How can we invest in educational platforms when university lecturers do not receive
their salaries regularly?”

Future Potential

Despite the difficulties, he pointed to opportunities: “Yemen has creative youth, and if
international support or partnerships with foreign universities become available, we
could implement systems such as interactive video gradually. The beginning could be
at the level of specific faculties, like design or media.”

He added: “Any success will require partnerships, international support, and a gradual
plan that starts small and then expands.”

Conclusion

He concluded: “If we want to implement interactive video at a national level, we need
three steps: first, official recognition of digital education within higher education
regulations; second, coordination between the Ministry of Higher Education and the
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Ministry of Telecommunications; and third, financial and technical support from
international partners, because Yemen cannot do it alone.”

Tahani Lutf Alswari, participant details are presented in Table D.1 (summary in
Arabic)
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Translation to English:

Interview with Tahani Lutf Alswari

Network engineer

Master of Information Technology

Malaysian University OUM— Governmental Perspective (Policy Focus)

Dr Tahani Al-Suwari, serving in a governmental role, emphasised the strategic
importance of integrating interactive and hypertext-based video tools into Yemen’s
higher education. She highlighted that adopting such technologies requires not only
technical readiness but also alignment with governmental policies and institutional
strategies.

According to her, the Ministry of Higher Education views digital transformation as an
urgent priority, yet implementation remains constrained by financial limitations,
infrastructural instability, and the absence of cohesive national strategies. She explained
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that any educational technology initiative must consider regulations, budgetary
allocations, and institutional policies to ensure sustainability.

Dr Al-Suwari further noted that, while faculty and students show enthusiasm toward
digital innovations, systemic barriers often hinder progress. She stressed that
partnerships between universities, the private sector, and governmental bodies are
essential for overcoming these barriers.

Associate Professor Nagi Ali Abdullah Alshaibany, Academic in Information
Technology IT, summary in the Arabic language:
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Translation to English:
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Main Challenges: The most critical challenges facing higher education institutions in
Yemen are the lack of reliable internet infrastructure and high connectivity costs. While
there are ideas and discussions about supporting digital learning, practical
implementation remains absent.

Potential of Interactive Video:

He considered HyperLearnX a promising idea, especially if integrated with traditional
education. However, he stressed the necessity of academic incentives (grades,
certificates) to ensure student engagement, as many students tend to play videos
passively without actual attention.

Beneficiary Disciplines:

He highlighted IT, engineering, and medical sciences as the most suitable fields, while
also recognising design and digital arts as particularly relevant. Humanities, however,
are less likely to benefit due to limited job market opportunities.

Institutional Integration:

Official recognition from the Ministry of Higher Education is essential. Adoption
should be facilitated through a ministerial decision and coordinated with the Ministry
of Telecommunications and the IT Centre.

Political Factors:

The existence of multiple governments does not represent a significant obstacle, since
each authority seeks to showcase achievements. What matters is presenting the idea in
an appealing and practical way.

Future Outlook:

He believes interactive learning has strong potential in Yemen, given youth engagement
with platforms like TikTok. Yet, success depends on developing national policies and
legislative frameworks to ensure sustainability.

Dr Mohammed Al-Riyashi, First Vice President of the Information Technology
Sector at the Chamber of Commerce:
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Translation to English:
Governmental/Political Figure

Guest: Dr Mohammed Al-Riyashi, First Vice President of the Information Technology
Sector at the Chamber of Commerce.

Researcher: From your perspective, what are the main challenges that higher education
institutions in Yemen face regarding the use of technology in teaching?
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Guest: One of the main challenges is the migration of skilled professionals abroad due
to political and economic conditions. This has led to a loss of specialized expertise and
a weakened desire for self-development within the country, which has negatively
affected the education sector.

Researcher: Are there any plans or orientations to support digital education and
interactive learning tools in universities?

Guest: Yes, there is significant interest in digital transformation, whether from the
Ministry of Telecommunications or the Ministry of Higher Education. For example, we
recently organised a technology exhibition that addressed issues such as financial
inclusion and digital transformation, reflecting a national trend in this field.

Researcher: Do you think interactive video technologies could help improve the quality
of education in fields such as arts, design, or computing?

Guest: Absolutely. Any tool that serves education is urgently needed.

Researcher: Which disciplines or student groups would benefit the most from these
tools?

Guest: Technical and digital disciplines are the ones most in need and would benefit the
most from such tools, especially given the current challenges.

Researcher: To what extent can these interactive tools be integrated into official higher
education plans?

Guest: There is a clear orientation from the Ministry of Higher Education toward
developing education using such tools and serving specialists in this field.

Researcher: What are the basic requirements for implementing these initiatives on a
national scale?

Guest: The availability of suitable infrastructure and the localisation of specialised
expertise are the essential requirements.

Researcher: How can researchers or developers collaborate with official institutions to
ensure the adoption of these technologies?

Guest: There is no objection, provided these technologies meet real needs. The official
institutions will adopt and support them.

Researcher: How do you see the future of interactive education in Yemen?

Guest: Since 2022, there has been a clear national orientation toward developing digital
and technological education. We are constantly working with multiple state entities to
support this direction and embed it in universities.

Researcher: Do you think weak Internet access is a stumbling block to making digital
education available to all?
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Guest: Of course. The absence of a strong virtual environment prevents researchers
from accessing modern knowledge and negatively impacts education.

Researcher: Do political divisions and multiple governments affect the unification of
efforts to support education?

Guest: Yes, political conflicts have caused a division in higher education between the
North and the South, which hinders development. Education, health, and the technology
sector should remain outside political disputes.

Researcher: Thank you very much for your valuable time and contribution.
Guest: You are most welcome. I wish you success and all the best.

Fua’ad Hasan Abdulrazzak Senior Official, Ministry of Higher Education and
Scientific
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Translation to English:
Governmental Policy Perspective

Interviewee: Dr Fua’ad Hasan Abdulrazzak, Senior Official, Ministry of Higher
Education and Scientific Research

Interviewer: Thank you, Dr Fua’ad, for your time. What do you see as the main
challenges facing higher education institutions in Yemen regarding the use of
technology?

Interviewee: The key challenges are, first, the limited resources provided by the
Ministry of Telecommunications and Information Technology, and second, the weak
technological culture among faculty members across schools and universities. This
often leads to resistance to adopting new tools. We witnessed this clearly during the
COVID-19 pandemic, when adapting to e-learning management systems was very
difficult. To address this, the Ministry issued a policy requiring at least 30% of every
course to be taught online, though compliance has been inconsistent.

Interviewer: Are there any current plans to support digital and interactive learning in
universities?

Interviewee: Yes. One of the accreditation requirements, whether for public or private
universities, is the availability of a functional Learning Management System (LMS).
Universities must demonstrate their use as part of the teaching process.

Interviewer: How do you see interactive video, such as HyperLearnX, contributing to
higher education?

Interviewee: Without doubt, such tools enhance both teaching and learning. They allow
students to interact at their own pace, repeat material as needed, and clarify issues
directly with instructors. They are especially valuable in practical fields such as
engineering, computer science, and design. Even students in the humanities can benefit,
as these tools provide more direct engagement between lecturer and student.

Interviewer: What conditions must be met for implementing such technologies
nationwide?

Interviewee: A national strategy for educational technology must be established. There
also needs to be coordination between the Ministry of Telecommunications and other
government bodies to ensure better infrastructure, including affordable internet
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packages for students. Furthermore, both faculty and students require training to
improve digital literacy. Importantly, policies must be not only advisory but mandatory,
particularly for rural areas where services need expansion.

Interviewer: How can researchers and developers collaborate with official institutions
to ensure sustainable adoption of these technologies?

Interviewee: Collaboration is possible and, in fact, necessary. I do not believe there are
strict barriers, but success depends on proactive communication. Researchers,
universities, and cultural attachés abroad should connect with national institutions to
create opportunities for advancing digital education.

Interviewer: How do you view the future of interactive learning in Yemen?

Interviewee: 1 am optimistic. While national policies are still limited, when we
introduced e-learning at Dhamar University, the outcomes were positive, and both
students and teachers benefited. I believe the future of interactive learning in Yemen
will expand significantly.

Interviewer: Any final recommendations?

Interviewee: I recommend further investment in resources and telecommunications
infrastructure, as well as clear policies to support digital transformation in education.
Researchers should take initiative and not wait for government action alone. Practical
application and experimentation are the real measures of success.

Dr Mohammed Alshargabi, International Specialist, PhD in Computer Science,
Expert in Education Quality and Academic Accreditation, and member of various
accreditation boards

Peace be upon you, and thank you for dedicating your valuable time to participate in
this interview.

As part of this project, I have developed an innovative educational technology,
registered as intellectual property, called HyperLearnX. This system enables high-
quality interactive videos to be delivered over low-speed 3G networks and is
specifically designed for developing contexts such as Yemen.

I would be delighted to hear your insights today, drawing on your expertise in planning,
policy, and higher education. All responses will be kept strictly confidential and used
only for academic purposes.

(Note: “I have not developed a prototype or Minimum Viable Product (MVP) yet.
However, I will present a sample hypertext video from an existing, less-known platform
as a demonstration to explain the concept.”)

1. From your perspective, what are the main challenges facing higher education
institutions in Yemen in relation to the use of technology in teaching?

From my perspective, the challenges fall into four key elements:
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IT infrastructure: Access is limited to certain areas, such as Sana’a, and mainly for those
who can afford it. For example, I personally use 4G because I pay YER 32,000 (around
USD 70). But if we consider the actual target population of your idea, which is excellent,
they unfortunately lack the necessary IT or internet infrastructure. This is the biggest
challenge.

Outcome-based design: When designing lessons or educational content, whether digital
or face-to-face, the entire system should be built on an outcome-based approach to
ensure proper learning outcomes.

Digital literacy: We need to address digital illiteracy, both among university lecturers
and among students.

Financial capacity: The affordability of distance and e-learning solutions remains a
major obstacle.

2. Are there current initiatives or plans to support digital education or interactive
learning tools in universities?

Yes. We worked on a project where I, as Chair of the Accreditation Board, discussed
standards. According to Quality Matters (the leading international body for e-learning
accreditation), there are 8 major standards with 42 sub-standards. Any electronic course
must comply with these standards.

I was involved in adapting these standards for technical and vocational education. The
future of education, whether we like it or not, is moving toward digital learning.
Unfortunately, while we developed these standards, they have not yet been
implemented, though some work is ongoing.

3. Do you think technologies like interactive video (Hypertext Video) can contribute to
improving education quality, especially in fields like design and the arts?

Absolutely, especially if linked to learning outcomes. The global trend today is toward
outcome-based education. At every level, lessons, assessments, strategies, and
everything must be aligned with learning outcomes.

HyperLearnX is truly creative and excellent because:
It reduces video size, addressing a real community need.
It supports progressive learning design.

Ultimately, the system must always aim at achieving learning outcomes. Assessments,
therefore, should measure whether students achieve these staged outcomes.

4. In your opinion, which student groups or disciplines would benefit most from such
tools?

I believe all disciplines can benefit, but the key lies in the design of lessons and
assessments.
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In logical/technical fields, assessments tend to be objective.
In creative fields like the arts, assessments are more subjective.

Regardless, all courses should follow a structured design. A digital course should be
built on five main pillars:

Learning Outcomes the foundation of everything: content, strategies, and platform
design.

Learning Content must be aligned with learning outcomes.
Teaching Strategies built on the “Quality Matters™ hierarchy; these vary by discipline.
Learning Environment/Activities tailored to outcomes.

Assessments objective or subjective, depending on the discipline, but always outcome-
driven.

5. To what extent can tools like HyperLearnX be integrated into official higher
education projects or plans?

The potential is very high and very important. Personally, [ am currently leading a large-
scale project for curriculum design that includes integrating additional resources via QR
codes.

6. What requirements must be in place for such initiatives to be implemented nationally?
Strong infrastructure

Comprehensive training

Learning resources aligned with learning outcomes

Wide-scale digital literacy programs

7. How can researchers and developers collaborate with official bodies to ensure
sustainable adoption of these technologies?

This depends on top management commitment and institutional strategic
transformation.

The most important factor is having decision-makers who believe in and recognise the
need for the technology. Only then will they collaborate with researchers or developers
to bring it into reality. Otherwise, the idea will remain just research papers and not reach
implementation.

8. How do you see the future of interactive learning in Yemen? Are there national
policies to support its expansion?

Digital education will inevitably arrive, whether we like it or not. Hiding from it is like
an ostrich burying its head in the sand.
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We have already tried to push initiatives, for example, with Dr Fuad Abdulrazzaq, we
organised several conferences that produced many recommendations. Progress has been
slow, but there is at least a starting point.

9. Are political conditions a factor in preventing the adoption of certain technologies?
In my personal opinion, it is not the main factor, but it is an influencing one.

Regardless of political divisions or conflicts, if there is a strong belief in a technology
or idea, it will be applied. Politics may indirectly delay it, but it is not the primary
obstacle.

10. Do you believe that providing educational tools compatible with low-speed internet
could truly transform access to education?

Certainly. I see it as a powerful and highly suitable solution.
Closing

I sincerely thank you for dedicating your valuable time to this interview, which
contributes to my research:

“Advancing Hypertext Video-Based Learning in Art and Design Education: An
Interpretive Case Study of Colour Theory Learning Among Art Students in Yemen.”

Your valuable insights have enriched this discussion and added important dimensions
that deepen our understanding of the educational reality and its challenges.

Section 2: Creators and Technicians of Interactive Video

Mossa Ghurab, Sana'a University, more details Error! Reference source not found.
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Translation to English:
Mossa Ghurab ,Sana'a University. Interview One: As a Technical Expert / Developer

Introduction

Dr Mossa Ghurab, a technical expert and faculty member at Sana’a University,
explained that the challenges of digital education in Yemen are not limited to the
absence of infrastructure but also extend to programming issues, engineering
constraints, and the limited capacity of qualified human resources to deal with modern
technologies.

Infrastructure and Connectivity

He stated, “The core problem in Yemen is that we do not have a stable network. Most
users rely on third-generation (3G), which is very slow and sometimes collapses
completely. Sometimes it takes several minutes just to load a short clip. There is no real
deployment of 4G, and 5G is not even on the horizon.”
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He added: “Even electricity is unstable, and this affects any educational platform that
requires interactive video or multimedia content.”

Programming and Engineering Challenges

He noted: “We face a problem due to the absence of local systems for video processing.
Most imported solutions are unsuitable for Yemen’s conditions. For example, platforms
like YouTube or Vimeo consume a very high amount of data, while students here only
have small internet packages.”

He further explained: “Even at the server level, there is no strong local hosting, and
everything is tied to external servers, which increases service latency.”

Technical Competencies

He said: “We have excellent young developers, but they work individually with limited
resources. There is no nurturing environment and no accelerators capable of supporting
projects such as video compression systems or interactive media interfaces.”
He added: “Migration is another issue, as skilled professionals leave in search of better
opportunities.”

Proposed Solutions

Video compression: “The fundamental solution is to develop customised compression
algorithms, such as your SmartZone Compression concept. This would be revolutionary
because it reduces data consumption and makes video playable even under weak
internet conditions.”

Open-source adoption: “We cannot afford to pay millions of dollars to software
companies. The most suitable approach is to use open-source technologies and adapt
them locally to fit the reality.”

Caching: “We can also consider caching solutions, where the student pre-downloads
part of the video and continues later without interruption.”

User Experience

He emphasised: “The user interface must be as simple as possible. Students do not have
time to waste navigating through complex menus. Clear buttons are enough: play, pause,
select path, back, forward. Any additional complexity will make the experience fail.”

He added: “The smartphone is the main platform, not the computer, so any design
should be mobile-first.”

Conclusion

He concluded: “If we want the hypertext video project to succeed in Yemen, we need to
focus on three aspects: first, adapting to weak infrastructure through compression and
alternative storage; second, developing local open-source solutions to reduce costs; and
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third, creating a simple user interface that matches the students’ needs and their modest
devices.”

Follow-Up Discussion

Interviewer: So, if we implement video options, what are the available methods to
compress video and reduce its size while maintaining interactivity?

Expert: “For example, one option is reducing the number of frames per second.
Typically, high-quality video has 30 to 60 frames per second. If you cut it—say, ‘one
frame yes, one frame no’ you almost halve the video size while keeping acceptable
quality. Another method is summarisation: taking a two-hour video and trimming
repeated parts. We can also reduce resolution, say from 600x400 to 300x200. If the
video is educational, the background is usually static or semi-static, which does not take
much space during compression.”

Interviewer: Excellent and very useful. Are there open-source frameworks or
technologies that could reduce development costs?

Expert: “I teach courses related to Computer Vision and Image Processing. For
compression, you will find many studies, but not a single universal framework. Each
researcher uses a different method. Your idea is not only to reduce size but also to
eliminate duplicate content. That requires special algorithms. Honestly, I haven’t seen
that in the research I supervise. You might use existing libraries, but there is no complete
framework. A well-known open-source library is OpenCV.”

Interviewer: So, even if not a full framework, just open-source techniques could be
used?

Expert: “Yes, but most Computer Vision research now relies on Deep Learning. The
problem is that these algorithms require powerful resources such as GPUs. The devices
we have here cannot handle them, whereas abroad, they have suitable facilities. That’s
why I say: there is no strong infrastructure here, and the best option is to work at the
lowest possible level that can run on the devices available in Yemen.”

Interviewer: From your perspective, what factors most affect the user experience when
watching interactive video under weak internet conditions?

Expert: “In my opinion, if the internet is weak and the video keeps buffering, many
users simply close it. Repeated buffering and lag cause frustration. For example, in
Malaysia, YouTube starts at HD or 1080p, while here in Yemen, it defaults to the lowest
quality.”

Interviewer: True. So, how can loading speed be improved or buffering reduced for
interactive videos in Yemen?

Expert: “The solution is to have local servers. I mean, enhancing cloud infrastructure
inside Yemen. If servers are local, load time will be shorter. Even YouTube has cache
servers in Yemen. When a user requests a video that is already cached, it loads quickly;
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if not, it takes longer. The idea is to have multiple cache servers across Yemen,
distributed across different nodes. For example, if the user is in Sana’a, they stream
from servers in Sana’a; if in Taiz, from servers in Taiz. This reduces pressure on the
network and makes streaming faster.”

Prof. Sharaf Abdulhak Alhomdy, see Table D.1 for participant details:
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Translation to English:

Second Interview: With Professor Dr Sharaf Abdulhaq Al-Hamdi as a Technology
Expert

Interviewer: As a technology expert, what is your initial opinion on the idea of using
interactive hypertext video to deliver educational content in low-speed environments
such as Yemen?

Prof. Dr Sharaf: As long as the video is compressed and its size reduced, it is suitable
for the Yemeni environment, especially considering the weak internet.

Interviewer: Do you think this model is feasible in third-generation networks or weak
internet environments?

Prof. Dr Sharaf: It depends on the size of the video. If it is compressed from two hours
to 15 minutes with good quality and unnecessary elements removed, then it would be
very suitable.

Interviewer: What are the potential programming or engineering challenges?

Prof. Dr Sharaf: The main problem in Yemen is the lack of specialised engineering and
programming expertise in this field.

Interviewer: In your opinion, what are the most influential factors affecting user
experience when dealing with interactive video in weak internet environments?

Prof. Dr Sharaf: The main factors are:

Weak infrastructure.

Limited availability of devices among students.
Low digital literacy among some groups.

Lack of sufficient training.
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Interviewer: How can loading speed be improved or interruptions reduced?

Prof. Dr Sharaf: This is an issue tied to the internet provider (YemenNet) and
government policies. The solution lies in upgrading the infrastructure, adding more
servers, or allowing satellite internet options.

Interviewer: What are your recommendations for designing an effective user interface
for students with little technical experience?

Prof. Dr Sharaf: The interface should be clear and simple, with straightforward
instructions so students can use it without difficulty.

Interviewer: Can this technology be integrated with Learning Management Systems
(LMS)?

Prof. Dr Sharaf: Yes. It would be best if HyperLearnX were part of a comprehensive
LMS. This allows interactive videos to be integrated with existing systems such as
Moodle or other open-source platforms.

Interviewer: What are the essential requirements for the technical team that will develop
such a system?

Prof. Dr Sharaf: The team must be well-rounded, with expertise in software
development, educational platforms, uploading and analysing data, not just video
compression.

Interviewer: Finally, what are your recommendations for building technical partnerships
to ensure the success of this project?

Prof. Dr Sharaf: I recommend producing high-quality, low-cost videos that can be
translated into multiple languages and offered as a value-added educational service for
universities. From there, partnerships can be established with universities and local and
international developers.

Question: From your perspective, do you think there are open-source frameworks or
technologies that could be adopted to reduce development costs?

Answer: | haven’t dealt much with video specifically.

Question: Well, Doctor, I mean more generally, internet platforms or websites. Are there
open-source technologies that can be used to reduce development costs?

Answer: I don’t know.

Question: In your opinion, what factors most affect the user experience when interacting
with video in weak internet environments?

Answer: The most important factor is weak infrastructure. A user may not own a suitable
device, or may only have a simple one that struggles to run educational services. Also,
the lack of proper training for students is a major barrier.
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Question: How can loading speed be improved or interruptions reduced in this type of
video?

Answer: The main issue in Yemen is weak internet due to a monopoly by the national
provider (YemenNet). Institutions or individuals cannot solve this alone. Even with
fibre optic connections, the service remains weak.

Question: What is your advice then?

Answer: Possible solutions include:

Blocking unnecessary websites by YemenNet to reduce traffic.
Providing the equipment needed to expand the service.

But introducing new tools faces challenges due to the political situation and blockade.
Even satellite internet solutions faced political opposition, although they became
available in some southern governorates.

In short, the internet situation in Yemen is currently very difficult, and the solution is to
push for higher speeds and infrastructure development.

Question: Doctor, what is your advice for designing an effective user interface for
students who may not be accustomed to modern educational technologies?

Answer: Videos should be clear, easy to use, and supported with simple, sufficient
instructions so that students can benefit.

Question: Do you think the system can later be developed to integrate with Learning
Management Systems (LMS), such as an agreement between the Ministry of
Telecommunications and the Ministry of Higher Education?

Answer: Yes, there are open-source LMS platforms already in use at some universities.
HyperLearnX can integrate with these systems and become part of them, which makes
developing an effective prototype easier.

Question: What are the necessary requirements for the technical team that will oversee
building and developing the system? Is video compression enough?

Answer: No, video compression with interactive questions is only one part of a
complete educational system. HyperLearnX must be embedded within an LMS.
Therefore, the team must be comprehensive, with expertise in:

Programming and software development.
Managing educational platforms.
Uploading and analysing data.

Tahani Lutf Alswari, Network engineer, Master of Information Technology,
Malaysian University OUM (See Table D.1 for participant details)
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Translation to English:

As anetwork and IT engineer, Tahani Al-Suwari believes that HyperLearnX represents
a suitable solution for low-bandwidth environments such as Yemen. The technology can
reduce video size while maintaining quality and adding interactive elements such as
content-linked questions.

She explained that testing this technology requires a practical trial comparing the video
before and after processing in terms of file size, loading speed, and display quality. If
the results are positive, it could significantly enhance students’ learning experiences.

From a technical standpoint, she emphasised the need for a comprehensive team
including programmers, network engineers, and cybersecurity specialists to develop the
platform, ensure sustainability, and protect it from breaches. She also highlighted that
user experience in low-bandwidth environments is primarily affected by network speed,
data costs, and download quality.

She mentioned local educational platforms such as Meyon, which provide free content,
and stressed the importance of collaborating with telecommunications companies to
offer subsidised or free data packages in support of digital education.

She also affirmed that the system could be developed to integrate with Learning
Management Systems (LMS) if the initial trials succeed, and that the user interface

210



should be simple and efficient to meet the needs of students who may lack extensive
experience with modern technologies.

Finally, she recommended building partnerships with the Innovation Authority in
Yemen to adopt the project, noting that HyperLearnX could potentially be recognized
as a national innovation and even registered as a patent.

There is a challenge when videos are too long, as students often cannot afford the high
cost of online learning. This forces them to seek alternatives to studying online. Here
lies the value of HyperLearnX: it helps significantly reduce learning time while
maintaining excellent quality, giving students easier access to educational videos.

Interviewer: In your opinion, which groups of students or disciplines could benefit most
from such educational tools?

Tahani: For example, in schools, there are students who cannot attend due to specific
circumstances. Schools could prepare such videos for them, whether due to illness,
travel, or other reasons. The same videos can also be shown to present students in class
and then recorded and shared with those who are absent ones so they too can benefit.

Interviewer: Do you prefer that I conduct this interview with you as a government
official, as a technical engineer, or as a university lecturer?

Tahani: As a specialist particularly interested in digital transformation and introducing
modern technologies to students.

Interviewer: To what extent could interactive tools like HyperLearnX be integrated into
official higher education projects?

Tahani: You mean as a tool for schools and universities? It could be piloted first with a
sample group of students, and if successful, why not extend it more broadly?

Interviewer: What requirements or conditions are necessary to apply such initiatives on
a national scale?

Tahani: First, you could send me a sample video. Then we evaluate the quality,
shortcuts, and hyperlinks. After that, we try it with a group of students and assess their
benefit. If the results are meaningful, it could be proposed as a digital transformation
project.

Interviewer: How can researchers or developers collaborate with official bodies to
ensure sustainable adoption of such technologies?

Tahani: There is now a strong trend to support student projects and innovations. The
HyperLearnX idea could be presented to the Ministry of Telecommunications as an
innovation project, exploring ways to align it with new directions.

Interviewer: How do you see the future of interactive education in Yemen? Could
national policies support its expansion?
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Tahani: At present, there are challenges, but it remains a viable idea for the future. If
resources become available to schools and institutes, there would certainly be
acceptance.

Interviewer: Are these challenges political or infrastructure-related?

Tahani: No, not political. On the contrary, the government is now moving toward digital
transformation and online education. The real issues are infrastructure and economic
conditions.

It’s also difficult to generalise any single technology nationwide because of the political
divisions between different governing bodies in Yemen. But for instance, in Sana’a,
there is strong enthusiasm for digital transformation. Recently, a forum showcased
graduation projects from engineering and computer science faculties, and there was
great admiration for the students’ innovations. The government is very supportive of
such initiatives and may adopt them, especially if they are tied to intellectual property
rights like a patent for HyperLearnX.

Interviewer: Do you think providing educational tools adapted to weak internet could
bring real change in access to education?

Tahani: The situation is difficult now, but there is a trend to support digital education in
the future, God willing.

Interviewer: What type of internet is currently available 3G or 4G?
Tahani: We are using 4G now, and it is the most common in the country.

Interviewer: From your technical perspective, what do you think of using hypertext-
based video to deliver educational content in low-bandwidth settings?

Tahani: It could greatly help in developing education. If this technology is applied, there
will be noticeable progress.

Interviewer: Do you think this model is technically feasible in 3G or very weak internet
environments?

Tahani: Yes, but first, there should be a trial comparing the original video with the
HyperLearnX version, checking differences in speed and quality. If the difference is
clear, it will be very useful for students.

Interviewer: Are there programming or engineering challenges that may arise in
developing a system like HyperLearnX?

Tahani: So far, I haven’t heard of similar trials in Yemen. We might need to check if
such applications exist elsewhere, but since you hold the intellectual property rights,
this indicates it is a unique and original idea.

Interviewer: Do you want this project to remain academic research or be implemented
in practice?
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Tahani: I definitely want it to be implemented in reality, not just remain a research study.

Interviewer: What are the available options for compressing video while preserving
interactive elements (texts, links, timestamps, etc.)?

Tahani: If the content benefits society and does not pose a threat, there would actually
be official support, and it could even be generalised as a national educational platform.

Interviewer: Are there open-source frameworks or technologies that could be adopted
to reduce costs during development?

Tahani: I specialise more in networking than programming, so this part may require
software engineers.

Interviewer: What factors have the greatest impact on user experience when using
interactive video in low-bandwidth environments?

Tahani: The key factors are internet speed, data cost, download quality, and potential
interruptions during playback.

Interviewer: Should telecom companies like Yemen Mobile be engaged to support such
initiatives?

Tahani: Yes. For example, we already have an educational platform called Meyon, and
all its content is free. Similar initiatives could be adopted and supported by relevant
authorities to make them free and widely accessible.

Interviewer: How can loading speed be improved or interruptions reduced?

Tahani: By giving such platforms priority with telecom providers to facilitate easier
access.

Interviewer: What is your advice on designing an effective user interface for students
not familiar with modern educational technologies?

Tahani: It should be simple and clear, with direct interaction between teacher and
student, for example, allowing students to send questions through the interactive screen.

Interviewer: Can the system later be integrated into LMS platforms?

Tahani: Yes. If the trial with a sample group succeeds, there will definitely be support
to integrate it with existing educational systems.

Interviewer: What are the essential requirements for the technical team developing the
system?

Tahani: It must be a full team, including programmers for system development, network
engineers for technical support, cybersecurity experts to protect the platform, and
system analysts.

Interviewer: Finally, what is your recommendation for building technical partnerships
with universities or developers to implement this technology?
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Tahani: We hope to see genuine partnerships between you and relevant bodies such as
the Innovation Authority, so that the idea can be supported, developed, and brought to
reality.

Professor Nagi Ali Abdullah Al-shaibany, Academic and IT Expert.
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Translation to English:
Name & Title:
Associate Professor Nagi Ali Abdullah Al-shaibany — Academic and IT Expert.

Key Insights: General Perception: He found the hypertext video concept highly relevant
for low-bandwidth contexts. He noted that students often struggle with lengthy YouTube
tutorials, making interactive and concise formats much more effective.

Feasibility: He affirmed the model’s applicability in Yemen, suggesting deployment on
local university servers to bypass poor internet. The approach could later extend to other
developing regions such as Africa or South Asia.
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Technical Challenges: Challenges will become clearer during real implementation, but
starting early is crucial. Open-source frameworks could also reduce costs and foster
broader adoption.

User Experience Factors: The main barrier is slow and unstable internet. He
recommended simple Arabic-language interfaces and the use of gamification elements
(competitions, rewards) to motivate students.

System Integration: HyperLearnX could serve as the foundation for Learning
Management Systems (LMS), supporting online lectures, course materials, or even
career guidance videos to help students understand academic programs.

COVID-19 Experience: During the pandemic, he resorted to sharing audio files and
recorded lectures via WhatsApp, reflecting the urgent need for more structured digital
learning solutions.

Recommendations: He emphasised building a dedicated, skilled team of programmers
and business experts. Partnerships with international institutions (e.g., Malaysian
universities) would enhance credibility, while ministerial or political support is essential
for nationwide adoption.

Dr.Abdulrahman Alsabri see Table D.1 for participant details:
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Translation to English:

Initial impression: The interactive video is excellent because it allows the integration of
interactive elements (questions, hyperlinks, content review).
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Advantages: Video compression with Al technologies (e.g., HyperLearnX) reduces
duration from hours to minutes while maintaining quality. Interactivity makes the video
more effective.

Challenges:

The main barrier is Yemen’s weak digital infrastructure (slow internet, lack of fiber,
limited 4G coverage).

Maintaining interactivity while keeping the video lightweight requires efficient
compression methods (reducing frames, minimising data transfer).

Suggested improvements:
Keep videos extremely lightweight to run on low bandwidth.
Use open-source platforms (e.g., Moodle) to reduce costs.

Require political decisions from higher education and telecommunication authorities to
support infrastructure.

Required team: Software engineers, multimedia experts, media specialists, and
instructional designers to convert curricula into digital formats.

Recommendations:
Build partnerships with universities.

"I have not developed a prototype or MVP yet. However, I will present a sample
hypertext video from an existing, less-known platform as a demonstration to explain
the concept."

Convince policymakers about the importance of interactive learning for crisis-affected
contexts like Yemen.

Edited English Version:

This technology can be effectively used in distance learning, especially since some
students prefer online learning over face-to-face instruction. From my perspective, it is
highly beneficial. In fact, my doctoral research focused on Mobile Learning,
particularly on developing a technical model that could be applied in distance education.

Interactive videos of this type are highly significant, as they support students in
understanding practical subjects such as computer graphics. One of their key advantages
is that students can rewatch the content multiple times, which enhances comprehension
and reduces the hesitation or embarrassment often associated with asking questions
during in-person classes.

From an academic standpoint, university lecturers can integrate this tool into their
teaching and learning activities through digital video and interactive content. This
approach makes the delivery of information clearer and more engaging. Moreover, the
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use of hyperlinks and embedded questions within the video makes the learning process
more stimulating and promotes self-directed learning among students, compared to
traditional linear videos such as those on YouTube.

The main challenges to implementing this technology in Yemeni higher education
institutions are primarily infrastructural. Weak internet connectivity and high costs
hinder access, particularly in rural areas where coverage is limited or nonexistent.
However, gradual improvements are underway, including the expansion from 4G
networks to ADSL and fibre-optic services, which may enhance the situation over time.

In this context, the lecturer’s role is crucial. A blended approach combining face-to-face
teaching with 25% to 30% of courses delivered online is essential to meet international
accreditation requirements and to ensure readiness for crises such as the COVID-19
pandemic.

The proposed technology (HyperLearnX) can be highly effective if designed to produce
lightweight videos with minimal file size while preserving interactivity, enabling
students in low-bandwidth environments to benefit. Possible solutions include video
compression, reducing frame rates, and leveraging open-source educational platforms
such as Moodle to minimise costs.

For practical implementation in Yemen, a political decision is required from higher
education institutions and the Ministry of Telecommunications to adopt a model where
25% of university courses are delivered online. Furthermore, the success of such a
system requires a multidisciplinary technical team that includes:

Engineers specialising in programming and networking.
Experts in video production and digital media processing.
Academics to adapt course materials into interactive formats.
Media specialists to promote and raise awareness.

Finally, the sustainability of this initiative depends on building partnerships with
universities and local or international developers, as well as conducting awareness
campaigns to convince decision-makers of the value of adopting interactive lectures.
This would pave the way for a more flexible and adaptive e-learning ecosystem in the
Yemeni context.

Dr. Fua’ad Hasan Abdulrazzak Executive Director, Higher Education
Information Technology Center
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Translation to English:

Interviewee: Dr Fua’ad Hasan Abdulrazzak, Executive Director, Higher Education
Information Technology Center

Interviewer: Dr Fua’ad, could you start by sharing your perspective on the
HyperLearnX initiative?

Interviewee: At this stage, HyperLearnX has not yet been fully implemented. What you
have seen is a simplified prototype presented as a case study. In my view, the concept
is highly innovative, especially considering how much we struggled during the COVID-
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19 pandemic due to the limitations of online learning tools. Having a technology like
HyperLearnX would represent a major societal achievement.

Interviewer: In your opinion, what are the main technical challenges for implementing
this tool in Yemen?

Interviewee: The Yemeni context faces a major challenge: limited access to computers.
Most people do not own personal computers, but almost everyone, even in rural areas,
has smartphones. Therefore, if we ensure that the system works effectively on mobile
phones and under weak internet conditions, it could have a significant impact. For
example, rural women who currently use WhatsApp for social communication could
instead use these technologies for meaningful learning.

Interviewer: From a software engineering perspective, what potential challenges do you
foresee?

Interviewee: The execution environment in Yemen is feasible in terms of operating
systems and software. The real challenge is resource limitations, but technically, it is
possible. The priority should be making the system simple and user-friendly for both
teachers and students. As for video compression, current technologies are very
advanced. We can also employ artificial intelligence to reduce unnecessary elements,
optimise file sizes, and improve delivery while maintaining interactivity.

Interviewer: What are the essential requirements for forming a technical team to build
this system?

Interviewee: The team should have expertise in software engineering, be familiar with
modern programming languages, especially those related to artificial intelligence and
possess strong knowledge of information security. These are fundamental skills for
successfully developing an interactive learning platform.

Interviewer: Which open-source frameworks could help reduce development costs?

Interviewee: We have previously used platforms such as Google Classroom and
Moodle. They were relatively efficient, although limited when it came to interactive
video lectures. There are also commercial platforms like Blackboard, but these are
costly. Relying on open-source solutions is a good option to reduce costs, particularly
at the initial stages.

Interviewer: What factors most affect the user experience with interactive video in low-
bandwidth environments?

Interviewee: The primary factor is poor internet connectivity. Often, students’ first
experience is frustrating due to slow loading and frequent interruptions. This is why we
need better algorithms, improved video compression, and a simple, intuitive user
interface.

Interviewer: Finally, what advice would you give for integrating this technology into
practice?

220



Interviewee: My advice is to start gradually. For instance, when universities were
mandated to deliver at least 30% of lectures online, it significantly encouraged adoption.
Similarly, HyperLearnX should be introduced step by step. Researchers themselves
must also take the initiative and collaborate directly with universities and institutions,
rather than waiting for the government alone to take the lead.

Head of Computer Science Department, Saba University, Dr Hesham, more details
Error! Reference source not found. illustrates participants' description.
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Translation to English:
Interview with Dr Hesham Part One: As a Technical Expert

Interviewer: To begin, I would like to clarify that the video I am showing now is only a
simplified example of the interactive video concept (not the final prototype). Could you
please share your initial opinion about the idea of using hypertext-based interactive
video to deliver educational content in low-bandwidth environments such as Yemen and
rural areas?

Dr Hesham: Honestly, I think it is a wonderful idea. But you need to consider the actual
resources available in the local environment. The videos must be of low quality so that
users can benefit from them. If the video has very high resolution, then the users may
not be able to use it effectively, unlike in countries with strong internet infrastructure.

Interviewer: That is true, Doctor. However, my technique, HyperLearnX, is designed to
compress videos while still maintaining high quality. For example, a two-hour video
can be reduced to just 15 minutes. Do you think this could benefit Yemen?

Dr Hesham: Yes, that would be a radical change, a real revolution. If the quality remains
the same and the speed is preserved, even with weak internet, it will be amazing and
will benefit communities that have long been deprived of digital education. This is a
huge advantage for educational videos.
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Interviewer: Considering the restrictions in Yemen, where the Ministry of
Telecommunications allows certain websites and blocks others—for instance, YouTube
is permitted, but other platforms are restricted—do you think the model could be
technically implemented under a 3G environment?

Dr Hesham: Yes. In Yemen, buffering is used more than live streaming. For example,
when a YouTube video is watched once, it is cached on the local server and then made
available for other users to access quickly. If your technology is applied to reduce video
size, this will save data usage, even for the Ministry of Telecommunications.

Interviewer: What are the potential programming or engineering challenges that could
arise in developing HyperLearnX?

Dr Hesham: The challenges are related to web generation. Our 3G networks do not
support Web 4.0 technologies, which involve artificial intelligence and advanced
techniques like data mining and Al classification. Although Yemen officially claims to
have 4G, in reality, the 4G services are not at the required level due to limited bandwidth
and device capabilities.

Interviewer: What are the possible options to optimise video while still keeping the
internal interactivity (questions, texts, time-linked references, etc.)?

Dr Hesham: In Yemen, the current solution is buffering.
Interviewer: Are there any open-source technologies that could be used to reduce costs?

Dr Hesham: Personally, I have sometimes used tools for text recognition from videos.
But resizing a video while maintaining quality is not easily available. There are online
tools, but they do not preserve quality. As for open-source solutions, the options in
Yemen are very limited.

Interviewer: In your view, what factors most influence the user experience when dealing
with interactive videos in low-internet environments?

Dr Hesham: The factors include hardware (many students use outdated or second-hand
devices) and software (a lot of it is cracked versions, not original). These issues directly
affect performance.

Interviewer: How can video loading speed be improved, or interruptions reduced?

Dr Hesham: In Yemen, the internet has peak hours. From morning until afternoon, the
connection is relatively fast, but later it becomes much slower. The solutions could
include managing traffic distribution or blocking heavy applications during peak times.

Interviewer: What advice would you give regarding designing an effective user
interface for students who are not familiar with digital learning?

Dr. Hesham: I once participated in a web quiz system (text-based only). My advice is
to keep the system very simple to use, include random questions, and provide final
results to help students know their level. With video, it will be even more effective.
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Interviewer: Do you think the system could later be developed to integrate with
Learning Management Systems (LMS)?

Dr Hesham: Definitely. That would make it one of the best systems. Personally, I am
impressed with your HyperLearnX technology. I hope to see it applied, but in Yemen,
the resources are limited, and time is always a challenge.

Interviewer: From your perspective, what are the essential requirements for the
technical team to develop this system?

Dr Hesham: You will need experts in hardware and networks, especially since cloud
computing in Sana’a has no local providers.

Interviewer: Finally, what are your recommendations for building partnerships with
universities or developers to implement this technology?

Dr Hesham: My recommendation is to keep pace with global developments in devices
and telecommunications, and to update students’ educational programs accordingly. If
we do not keep pace with the world, we will always remain behind.

Section 3: Lecturers and Educators
Dr Abdulrahman Alsabri for more details, Table D.1 presents the description:
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Translation to English:
English Translation (as a University Lecturer):

Initial impression: The interactive video is engaging and allows students to rewatch
parts for better understanding.

Advantages: Students can revisit unclear sections.
Encourages self-directed learning and overcomes shyness in asking questions.
Interactivity (links, quizzes) is more attractive than linear videos.

How lecturers can use it: Integrate into distance education, especially for rural female
students or those preferring flexible learning.

Useful during emergencies such as pandemics or conflicts.
Challenges: Weak internet in Yemen (2—4 Mbps, frequent disruptions).

Role of lecturers: Use interactive video for 25-30% of the curriculum, blended with
face-to-face learning.

Motivate students with interactive activities and participation grades.
Suggested improvements: Keep videos short and engaging.

Add assessments, forums, and chat features.

Recommendations: Universities should prepare to adopt 25% of courses online.
Platforms should be designed to attract and retain student engagement.

Head of Computer Science Department, Saba University

PhD in Artificial Intelligence

Head of Computer Science Department, Saba University, Dr Hesham Abdo
Ahmed Aqlan, see Table D.1 for participant details:
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Translation to English:
Interview with Dr Hesham Part Two: As a University Lecturer

Interviewer: As a university lecturer, what is your opinion about the interactive video
you just watched?

Dr Hesham: The idea is really excellent. With the technology you added, it becomes
even better because it provides both convenience and speed for the students.

Interviewer: Do you think this type of video could support the teaching of subjects like
computer science and graphics? Why?

Dr Hesham: Absolutely. Students prefer content that is short and summarised. If a
simple PowerPoint tutorial can raise a lecturer’s evaluation in their eyes, imagine how
they would respond to an interactive video. It would be remarkable.

Interviewer: What features in the video caught your attention the most?
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Dr Hesham: The short length of the video, the attractive colours, the variety of
questions, and the conciseness.

Interviewer: How could a university lecturer employ this tool in their teaching practice?

Dr Hesham: It could be used as a supplementary material after theoretical lectures, or
as a complement to assignments.

Interviewer: In urgent situations, such as wars or COVID-19, do you think this type of
video could enhance self-learning?

Dr Hesham: Certainly. If it had been available during COVID-19, it would have saved
us a lot. At that time, we shared lectures through Google Classroom, but the files were
very heavy. Your HyperLearnX technology would have saved both time and cost.

Interviewer: What courses have you taught that could benefit from this type of video?

Dr Hesham: I have taught courses like Operating Systems, Computer Architecture,
Logic Design, and Computer Ethics. Some courses, like Digital Design, really need
video explanations. If HyperLearnX had been available, it would have helped a lot.

Interviewer: What challenges might arise in using interactive videos in higher education
in Yemen?

Dr Hesham: The challenges include weak internet, the economic situation, the difficulty
of purchasing modern computers, the weakness of available devices, and the fact that
most software is not original.

Interviewer: How can these challenges be overcome?

Dr Hesham: One solution is to make these videos available in university offices or
computer labs, so that students can benefit from them inside the university rather than
at home.

Interviewer: Do you think interactive video aligns with the principles of social learning
and scaffolding?

Dr Hesham: Yes, if universities adopt this approach, it will provide strong community
support.

Interviewer: What improvements would you suggest to make the video more effective?

Dr Hesham: Compatibility with graphics cards and internet speeds, as well as obtaining
official certification for compliance.

Interviewer: Do you have recommendations for adapting the technology to suit the
Yemeni university context?

Dr Hesham: Yes. I recommend HyperLearnX as a transformative tool for students. It
offers convenience, cost savings, and faster learning while maintaining academic
standards.

227



Prof. Sharaf Abdulhak Alhomdy, for more details For further details, Table D.1
provides a comprehensive description:
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Translation to English:
1: Prof. Sharaf Abdulhak Alhomdy, as a University Lecturer
Interviewer: What is your initial impression of the interactive video you watched?

Prof. Sharaf: I find it an excellent video; it incorporates hypertext. However, I noticed
that it is closer to an evaluative video, where the student views a question and then
evaluates it.

Interviewer: Do you think this type of video can support student learning in practical
subjects such as computer science and graphic design? Why?

Prof. Sharaf: Yes, certainly. Any video that includes embedded texts, images, or
questions greatly supports students, especially in the practical aspect. For example,
when students encounter images or questions, as in this video, it enhances the learning
process.

Interviewer: What features stood out to you in terms of supporting understanding or
interaction?

Prof. Sharaf: First, the choice of colours is very good, and the interface design is neat,
which made the questions and answers clear and easy to read.

Second, such videos reduce the repetition that usually happens in live lectures, where
the lecturer repeats certain points. Interactive video, especially with HyperLearnX and
artificial intelligence, removes repetitions and makes the video shorter and more
efficient.

Interviewer: From your perspective, how could a university lecturer use such a tool in
lectures and teaching activities?

Prof. Sharaf: If the video works in this way, it is a great solution. It can alert students
through multiple-choice questions or hyperlinked texts inside the video. This is very

useful in practical subjects. For theoretical lectures, however, the lecturer may need a
more narrative style, such as a linear video.

Interviewer: Do you think hypertext elements in the video actually enhance self-
learning among students?
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Prof. Sharaf: Yes. When we show students images or presentation slides, they help
them understand better than just text. The student connects information with images or
questions. Therefore, I see hypertext video as a great idea to support self-learning.

Interviewer: What challenges do you see in using this type of video in Yemeni
universities?

Prof. Sharaf: There are many challenges:
Weak internet and the difficulty of accessing links inside classrooms.
Poor technological infrastructure in universities.

Teaching staff, since lecturers need training and preparation to use these technologies.
This tool is more suitable for technical fields such as digital arts and computer science
than for the humanities.

Interviewer: How can these challenges be overcome?

Prof. Sharaf: I suggest three steps:

Provide technological tools inside classrooms and connect them to an internal server.
Provide internet access at the classroom level, not just in administrative offices.

Train faculty members through mandatory training packages to prepare them to use
these technologies.

Interviewer: What are your recommendations for developing the video to be more
effective in teaching subjects such as digital arts and computer science?

Prof. Sharaf: I suggest that the video should include images, colored links, and
interactive icons to increase engagement. It should also be easy to use, and students
should be involved in evaluating it through surveys to gather their opinions alongside
lecturers’ evaluations.

Dr. Mohammed Ismail Ahmed Faya Dean of the Center for Quality Assurance
Lebanese International Uni
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I have not developed a prototype or MVP yet. However, I will present a sample
hypertext video from an existing, lesser-known platform as a demonstration to explain
the concept.
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Translation to English:

Dr Mohammed Ismail Ahmed Faya, Dean of the Centre for Quality Assurance,
Lebanese International University

Introduction by the researcher: The video is presented in low-resource environments,
such as the Yemeni context.

I am pleased today to present a sample of this interactive video and then listen to your
esteemed opinion, based on your academic expertise, to understand the opportunities
and challenges in applying such technologies in higher education in Yemen.

I have not yet developed a prototype or MVP. However, 1 will present a sample
hypertext video from an existing, lesser-known platform as a demonstration to explain
the concept.

1. What is your initial impression of the interactive video you have just watched?

As a teaching method, using this type of interactive video (HyperLearnX) is simple and
smart, and the language used is easy to understand.

2. Do you think this type of video can support students’ learning in a subject like graphic
design? Why?

Yes, it strongly supports learning because, under certain circumstances, we are forced
to rely on online education, such as during pandemics, wars, or other crises where digital
learning becomes the only available option.
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3. What features caught your attention in terms of supporting comprehension or
interaction?

It enhances student understanding using simple language, symbols, and colours. These
are presented in a straightforward way that supports student comprehension. Moreover,
students can interact with this type of interactive video even more than in face-to-face
lectures.

4. How can a university lecturer integrate such a tool into their lectures or educational
activities?

This HyperLearnX technology is excellent. A lecturer can use it not as a replacement
for lectures, but in specific cases, such as when a student is absent or struggling to
understand. It helps the lecturer connect with a larger number of students.

5. Do you think that using hypertext and embedded links within videos can enhance
students’ self-learning?

Not every video can be linked to questions. Sometimes they can include notes or other
elements to draw attention and reinforce comprehension. It is possible to use linear
videos, and it is also possible to use hyperlinked videos that allow the student to
progress step by step, ensuring they cover the whole video attentively and
comprehensively.

6. What challenges do you foresee in using this type of video in higher education
institutions in Yemen?

Internet connectivity, of course. But you have already addressed this problem with the
HyperLearnX technology, as it works even under weak or almost non-existent internet
conditions. Another challenge is the need for assistance from administrators, some
lecturers, deans, and even students, who may not be familiar with how to use it. So,
awareness is needed—for the academic and administrative staff, and then for students—
about the importance of this technology and how to benefit from it.

7. Do you think that internet infrastructure or students’ skills might hinder the effective
use of interactive video? How can this be addressed?

First, people need to realise that the internet is a means of distance communication,
especially in certain circumstances such as exams or conducting research. During the
COVID-19 pandemic, we tried e-learning for one semester. There were very positive
experiences, and students interacted well because of necessity and pressure. So, if there
is engagement from administrators, lecturers, and students, it will serve the educational
process effectively.

Yes, internet infrastructure and student skills could be barriers, but they can be
overcome by teaching students how to use these technologies through awareness
lectures and workshops on how to use HyperLearnX. Yemeni society has a high
willingness and strong desire to learn. A large group of students are already forced to
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study entirely online, and they do so without complaints, even creating their own
solutions out of eagerness to learn. This represents a great opportunity for integration
with the global educational community.

8. How do you see the role of lecturers in supporting student learning through an
interactive video such as HyperLearnX?

Most of our lectures are already supported with supplementary resources such as videos,
and without them, students’ acceptance decreases. Educational tools facilitate the
learning process because students do not absorb theoretical methods very well. I believe
interactive videos are an important aid that can save students a lot of time.

(Note: The audio was frequently interrupted during the meeting due to a weak 4G
internet connection.)

9. Do you think this type of interaction aligns with principles such as scaffolding or
social learning?

Yes, it aligns with needs and social support if it is used properly.

10. What improvements would you suggest to make this video more effective in
teaching digital arts?

The content of the videos should be factual, based on credible sources and references,
aligned with internationally recognised curricula, and presented clearly. This way, the
lecturer can take full responsibility for using them.

11. Do you have recommendations for adapting this technology to fit the characteristics
of students or university environments in Yemen?

If you could create models involving students from different universities and cities in
Yemen, and conduct a field survey with data analysis, you would reach strong
conclusions. For example, developing a prototype and presenting it to groups of
students across various universities and cities, and also gathering feedback from
lecturers, heads of departments, and covering different fields such as architecture,
graphics, and interior design would provide comprehensive insights.

Closing by the researcher: Thank you once again for your time and valuable
contributions to this interview.

Your insights will make a significant contribution to developing effective and applicable
educational tools in challenging contexts such as Yemen, particularly in the fields of
technology, arts, and design.

I assure you that all information will be used solely for academic purposes and treated
with full confidentiality.

If you wish, I would be pleased to share a copy of the final research results with you
later.
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Marwa Alhadi, Lecturer at Sana'a University, Head of the Graphics Department,
and Head of the Control Unit.
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I have not developed a prototype or MVP yet. However, [ will present a sample

hypertext video from an existing, lesser-known platform as a demonstration to explain
the concept.
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Translation to English:
The video is presented in resource-limited environments, such as the Yemeni context.

Guest: Marwa Alhadi, Lecturer at Sana’a University, Head of the Graphics Department,
and Head of the Control Unit.

I am pleased today to present a sample of this interactive video and then listen to your
esteemed opinion, from your academic expertise, to understand the opportunities and
challenges of applying these technologies in higher education in Yemen.

I have not developed a prototype or MVP yet. However, I will present a sample
hypertext video from an existing, lesser-known platform as a demonstration to explain
the concept.

1. What is your initial impression of the interactive video you just watched?
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From the perspective of reducing video duration, we care a lot about time, especially
when there are many exhausting repetitions for students. Students usually prefer shorter
videos for quick access to information. If HyperLearnX is employed, the viewership of
videos will increase, which could also be beneficial for later downloads.

2. Do you think this type of video could support students’ learning in a subject like
graphic design? Why?
I believe HyperLearnX is very practical because it saves a lot of time for students who
only want to extract the information. Most of my students, when watching any video,
tend to fast-forward to avoid wasting time. This technology summarises the time they
watch less but gain more information. In my opinion, some subjects need face-to-face
teaching, while others are better supported by educational videos. For example, in
programming, it would be great for students to watch and keep such videos as a later
reference.

3. What features stood out to you in terms of supporting understanding or interaction?

The interactive questions, the quality, the colours, as well as the summarisation and
removal of repetitions.

4. How could a university lecturer employ such a tool in lectures or learning activities?

It could be employed by linking it to course grades, such as coursework marks or
assessment scores.

5. Do you think that the use of hypertexts and links inside the video enhances students’
self-learning?

No. I prefer one link at the end of the video containing the questions. Having too many
links is difficult for me as a lecturer to assign after every section unless it is part of a
structured learning series. Too many links can confuse students and discourage them
from continuing due to fatigue. But if the links are only for questions, that is wonderful,
and I fully support the idea.

6. What potential challenges do you foresee in using this type of video in Yemeni higher
education institutions?

Online learning is currently not recognised; only face-to-face learning is allowed. If
online learning were to be officially adopted, it would be a great and prominent solution.
Socially, online learning is not yet accepted. People believe that students’ abilities are
only verified through face-to-face attendance. At Sana’a University, for example, if a
student misses three lectures, they are dismissed. While other universities around the
world rely on online learning, producing graduates with scientific innovations, our
Ministry has not yet embraced this principle. Due to the ongoing war, there has been no
time to change higher education policies and strategies, so this field has remained
stagnant and undeveloped.

7. Do you think the Internet infrastructure or students’ skills could hinder the
effectiveness of interactive video? How can this be overcome?
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No. The Internet is available and does not hinder learning in Sana’a at all. In fact,
Internet availability in Yemen supports education. What is remarkable is that during the
COVID-19 pandemic, everyone accepted online learning, but afterwards, it was not
officially approved, and the focus returned to face-to-face learning. Students who need
distance learning, for example, those who must work and cannot align their schedules
with university classes, require a clear strategy for digital education and a well-studied
plan for distance learning.

8. How do you see the role of the lecturer in supporting student learning through an
interactive video like HyperLearnX?

I support interactive video more than linear video. Linear video often takes us off track,
distracts students, and prevents them from reaching the intended idea due to a lack of
focus and multiple mental distractions nowadays. But when there are questions during
the video, students become more focused and less distracted. This makes it easier to
grasp the information and encourages them to search further, fueling curiosity and
passion for learning.

9. Do you think this type of interaction aligns with principles such as scaffolding or
social learning?

Certainly. The more interactive a video is, the more it reaches a wider audience. The
level of interactivity definitely makes it more effective than just a linear video.

10. What improvements would you suggest to make this video more effective in
teaching digital arts?

Adding a character. I personally like having known figures in videos. Characters
influence students, especially if they are role models in the field. A student might follow
a video just because of one character added as an influencer or figure in the video.

11. Do you have recommendations for adapting this technology to fit the characteristics
of students or university environments in Yemen?

For Yemeni university environments, if the video quality is too high, it will be difficult
to access smoothly because our Internet is not as strong as in other countries.

Thank you again for your time and valuable contribution to this interview.

Your insights will significantly contribute to the development of effective and
applicable educational tools in challenging contexts such as Yemen, particularly in the
fields of technology, arts, and design.

I assure you that all information will be used for academic purposes only and will be
treated with complete confidentiality.

If you would like to receive a copy of the final research results, I will be happy to share
them with you later.
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Translation to English:
Participants:
Ahmed Al-Saqqaf, Computer Science student, Sana’a University
Lian Al-Shaibani, Graphic Design student, Taiz University
Yousef Al-Muqtri, Software Engineering student, Sana’a University
Sarah Al-Haimi, Fine Arts student, Ibb University
Rami Ghalib, Mechatronics Engineering student, Sana’a University
Huda Al-Shuraibi, Business Administration student, Hodeidah University
Tareq Al-Buraihi, Media student, Al-Razi University
Najla Al-Mutawakkil, Interior Design student, Sana’a University
Mohammed Al-Kamali, Electrical Engineering student, Aden University
Arwa Al-Faqih, English Language student, Ibb University
Hossam Al-Hamdani, Information Technology student, Sana’a University

Enas Al-Dhamari, Education Sciences student, Taiz University
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Alaa Al-Dhaifani, Architecture student, Sana’a University
Reem Al-Asbahi, Chemistry student, Hodeidah University
Fares Al-Jalal, Law student, Aden University

Elham (Moderator):

Peace be upon you all, and thank you for joining today’s group session. As I mentioned
earlier, I am working on a study titled:

" Advancing Hypertext Video-Based Learning in Art and Design Education: An
Interpretive Case Study of Colour Theory Learning Among Art Students in Yemen”

I will now show you a short sample of an educational hypertext video developed under
the name HyperLearnX, and afterwards, we will discuss your experiences and feedback
together.

(A short video is shown to the students)

Section 1: First Impressions

Elham: How was your experience watching the interactive video?
Ahmed Al-Saqqgaf (Computer Science):

Honestly, it was very engaging. Usually, videos are long and boring, but this one kept
my attention.

Lian Al-Shaibani (Graphic Design):

I felt the difference too. Having questions inside the video made me focus, unlike
regular videos, where you just watch passively.

Rami Ghalib (Mechatronics Engineering):

(Smiling) But I feel the video was too short. If it had more details, it would have been
clearer.

Sarah Al-Haimi (Fine Arts):

On the contrary, Rami. The shortness is a strength; it makes the information concise and
saves our time.

Tareq Al-Buraihi (Media):
I agree with Sarah. Students don’t like long videos, especially when the internet is weak.
Enas Al-Dhamari (Education Sciences):

(Laughs) True! I usually lose focus after 5 minutes, but here I stayed engaged the whole
time.

Section 2: Understanding and Interaction
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Elham: Did you feel you understood the material better compared to regular videos?

Yousef Al-Mugqtri (Software Engineering): Definitely. The interactivity forces you to
think, not just watch.

Huda Al-Shuraibi (Business Administration): For me, I understood faster. It felt like the
video guided me step by step.

Mohammed Al-Kamali (Electrical Engineering): I noticed that interaction prevents
distraction; you have to respond.

Arwa Al-Faqih (English Language): (Interrupting) Exactly! And I was able to check my
answers immediately, which kept me focused.

Hossam Al-Hamdani (Information Technology): Honestly, I learned better than from a
regular video, and even better than some live lectures.

Section 3: Links, Texts, and Support
Elham: Did you find the links and texts inside the video useful? Why?

Najla Al-Mutawakkil (Interior Design): Very useful, they helped me connect the
information more clearly.

Reem Al-Asbahi (Chemistry): I saw them as an instant reference, instead of searching
books or Google.

Fares Al-Jalal (Law): (Joining in) For me, the links felt like having a mini library inside
the video.

Elham: Did you feel you needed additional support, like having a teacher present during
viewing?

Lian: No, it was very easy to use. Anyone can handle it.

Alaa Al-Dhaifani (Architecture): But for some difficult subjects, we might still need
extra explanation from a teacher.

Sarah: I agree with Alaa. The video is excellent as a foundation, but the teacher’s role
remains important.

Section 4: Ease of Use and Technology
Elham: Did you face any technical difficulties while watching the video?
Rami: I played it on 3G, and it worked fine.

Mohammed Al-Kamali: (Laughs) But in Aden, the internet cuts suddenly, that’s where
problems happen.

Ahmed: If there were an option to change the video quality depending on internet speed,
it would be better.

243



Reem: True, I experienced a small delay in loading, but it wasn’t a big issue.

Elham: Do you think this type of video suits your educational environment and internet
conditions?

Tareq: Definitely, especially for students studying in rural areas.

Huda: It’s a very practical solution for the situation we live in here in Yemen.
Section 5: General Opinions and Suggestions

Elham: Would you like to learn your courses through this interactive method? Why?
Arwa: Of course, it saves time and breaks boredom.

Enas: And I found it encourages self-learning.

Yousef: The best part is that it makes the student participate, not just listen.

Elham: Alright, what suggestions would you give to improve the video?

Hossam: Add an option where students can ask a question, and the video directs them
to the relevant part.

Alaa: Reduce the frame rate so it works faster with weak internet.

Najla: I suggest introducing this experience officially in Yemeni universities, even
starting with a sample hypertext video from an existing, less-known platform as a
demonstration to explain the concept.

Fares: And if you add motivational elements like points or badges, it would be great.
Sarah: (Excitedly) I also hope there will be a mobile app version, so it’s easier to access.
Closing Message

Elham: Thank you all very much for your valuable participation. Your feedback will
help me develop educational tools suitable for you and your peers, especially in
environments where access to quality education is difficult.

I assure you that your contributions will be used only for academic purposes, with
complete confidentiality.

I wish you all the best in your studies.

Elyas Almajedi Master’s Degree in Information Technology with a Specialization
in Artificial Intelligence, Al-Razi University
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Translation to English:

Guest: Elyas Almajedi, Master’s Degree in Information Technology with a
Specialisation in Artificial Intelligence, Al-Razi University

Interviewer: Peace be upon you,
Thank you very much for agreeing to participate in this research interview.

A new interactive educational model called HyperLearnX has been developed. It aims
to deliver educational video content that allows interaction through internal links and
embedded texts, even under low-bandwidth internet conditions.

I will now show you a short sample of this educational video, and afterwards, I would
like to hear your opinion and experience as a learner. Your feedback will help us
understand the effectiveness of this new approach in distance learning.

Section 1: Experience with the Interactive Video
1. How was your experience watching the interactive video?

The video was excellent. There are existing technologies, such as videos that translate
texts within the video, but they are not widely used. However, your idea of
HyperLearnX includes interactive questions that students can answer, which is
something new and very helpful for the education sector that keeps pace with
technology. It can also be offered as additional content for students to view later as a
reference. This makes the technique extremely suitable, a significant step forward, and
a very impressive innovation.

2. Did you feel you understood the information better compared to ordinary videos?

Yes, definitely. Recently, some universities and institutes have started offering digital
transformation training courses, especially for students with part-time jobs or those
deprived of access to education. This will help them tremendously, particularly under
weak internet conditions.

One real challenge, however, is the need for preparatory training courses to teach people
how to deal with this type of interactive video. From the technical side, even 4G internet
is not truly as fast as advertised—it is more of a commercial term. Also, authorities such
as the Ministry of Communications have the power to block or grant access to platforms,
including educational ones.

From my perspective, there are no major challenges to applying this in practice. With
artificial intelligence, it has become easier to generate student questions from lectures,
whereas before it was a challenge. So, it would be excellent to use HyperLearnX to save
time and shorten long, linear, and boring videos.
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Section 2: Interaction and Support
3. Did you find the links and texts inside the video useful? Why?

Absolutely. They enhance understanding and save time. What impressed me most was
the feature of answering a question and getting immediate feedback. Setting time limits
is also possible. I would suggest adding viewpoints from multiple people as well.

4. Did you feel you needed additional support (such as a teacher) while watching?
No, because the video is easy to use.

5. Did you face any technical difficulties while watching the video (loading, playing, or
interacting)?

Not at all. It is extremely easy for anyone to use.

6. Do you think this type of video is suitable for your educational environment and
internet conditions?

Yes, definitely. During the COVID-19 pandemic, educational videos were not clear
enough, and we could not fully understand the main points. In contrast, the interactive
video you presented, HyperLearnX, was much clearer.

7. Would you like to learn your courses using this interactive method? Why?

Yes, I prefer the interactive method. In face-to-face classes, we often forget the
information. But with interactive videos, it is excellent for recalling information in the
future, even after graduation.

8. What suggestions would you offer to improve the video or make it more useful for
you as a student?

The video serves its purpose well, and I do not have any additional suggestions.
Interviewer:
Thank you very much for your participation in this interview.

Your feedback is very valuable and will help in developing suitable educational tools
for you and your colleagues, especially in environments where access to quality
education is limited.

Eman Alageel, graphic design, Lebanese International University (LIU Yemen),
Sanaa
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Translation to English:

Interview with: Eman Alageel, Graphic Design, Lebanese International University (LIU
Yemen), Sana’a

Interviewer: Peace be upon you. Thank you very much for agreeing to participate in this
research interview.

A new interactive educational model called HyperLearnX has been developed. It aims
to deliver educational video content that learners can interact with through hyperlinks
and embedded texts, even under low-bandwidth internet conditions.

I will now show you a short sample of this interactive video. Afterwards, I would like
to hear your opinion and experience as a learner, in order to better understand the
effectiveness of this new approach in distance education.

How was your experience watching the interactive video?

In the field of colours, there must be both practical and theoretical aspects combined.
From my experience, I found the video engaging, offering both practical and theoretical
perspectives at the same time.

Certainly, any concise information is easier to comprehend and stimulates the mind.
What I appreciated in the video was the way it saved time and effort while ensuring
high-quality delivery of the information.

2. Did you feel that you understood the information better compared to regular videos?
Absolutely, I would not have understood as much from a regular linear video.
3. Did you find the hyperlinks and texts within the video useful? Why?

The links are very important, especially in the field of graphics. If we are forced to study
online, it is almost impossible or at least very difficult to rely solely on a linear video,
because colours require practical, hands-on learning.

For example, in my final year of studying graphics, we had a course on painting on
fabric. Unfortunately, there was no practical mechanism for teaching it. I wish a
technology like HyperLearnX had been available for that course, because the
explanations were long and exhausting. This new approach makes learning much easier
to understand.

From my perspective, face-to-face learning is still the best without a doubt. However,
if digital learning becomes mandatory, this would be the most effective method. As a
mother with an infant, I sometimes struggled to attend face-to-face classes, so this
technology (HyperLearnX) is an excellent and highly necessary option.

4. Did you feel the need for additional support (such as a teacher) while watching?
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Before the video pauses to show a question or a link, there should be clear instructions
that questions will appear, instead of surprising the learner. Otherwise, students might
assume the video has ended.

5. Did you face any technical difficulties while watching (loading, playing,
understanding the interaction)?

I liked the idea, but I suggest adding a brief explanation at the beginning of the video
about how it works, such as the fact that questions will appear during playback. This
would help students focus and anticipate questions. Otherwise, unexpected questions
may cause confusion or hesitation, making it difficult to respond properly.

6. Do you think this type of video is suitable for your educational environment and
internet conditions?

Yes, it is very suitable for my educational environment. It is simple, and the internet
works fine without interruptions.

7. Would you like to learn your subjects using this interactive method? Why?

Yes, I really liked the interactive questions because they engage the learner and capture
the student’s attention, leading to better understanding.

8. What suggestions would you give to improve the video or make it more useful for
you as a student?

I would very much appreciate receiving a simple note or notification before watching
the video, explaining its mechanism and that it will contain related questions.

Interviewer: Thank you very much for your participation in this interview.
Your feedback is extremely valuable and will help in developing educational tools
tailored for you and your peers, especially in environments where access to quality
education is challenging.

Mohanad Khalid Zayed, Second-year Mechatronics Engineering student, more
details Error! Reference source not found. illustrates participants' description.
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Translation to English:

Interview with: Mohanad Khalid Zayed, Second-year Mechatronics Engineering
Student

Interviewer: Peace be upon you. Thank you very much for agreeing to participate in
this research interview.

A new interactive educational model called HyperLearnX has been developed. It aims
to deliver educational video content that learners can interact with through hyperlinks
and embedded texts, even under low-bandwidth internet conditions.

I will now show you a short sample of this interactive video. Afterwards, I would like
to hear your opinion and experience as a learner, in order to better understand the
effectiveness of this new approach in distance education.

How was your experience watching the interactive video?
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Sometimes there are long topics that need to be summarised further, and there is not
always enough time to follow them. This technology is excellent for that purpose.

2. Did you feel that you understood the information better compared to regular
videos?

The presentation can be very effective as an interactive video, especially because it is
concise and includes questions. However, it is still not the same as face-to-face
learning.

At times, written text on the screen is more effective than just listening to spoken
narration.

3. Did you find the hyperlinks and texts within the video useful? Why?

Yes, they are extremely useful. They also help measure the student’s level of
understanding.

4. Did you feel the need for additional support (such as a teacher) while watching?

It is very user-friendly and does not require any extra guidance. It is simple and great
for the learner.

5. Did you face any technical difficulties while watching (loading, playing,
understanding the interaction)?

No, it was very smooth.

6. Do you think this type of video is suitable for your educational environment and
internet conditions?

Yes, very much so. The small file size of the video is also an excellent feature.
7. Would you like to learn your subjects using this interactive method? Why?

Yes, I would love to learn new languages or skills through HyperLearnX. Recently, I
had to stop my formal studies, but now I want to continue learning to gain skills
relevant to the job market.

I hope this technology is generalised not only for university education but also across
various fields, since we often do not have the time to watch long and boring linear
videos. Personally, I prefer this method because it saves time and reinforces
understanding through embedded questions.

8. What suggestions would you give to improve the video or make it more useful for
you as a student?

I have no specific suggestions except to apply it in practice. I hope it develops further
in the future, as time always brings more progress.

Interviewer: Thank you very much for your participation in this interview.
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Your feedback is extremely valuable and will help in developing educational tools
tailored for you and your peers, especially in environments where access to quality
education is challenging.

Rola Alhajj, Graphic design bachelor's degree, see Table D.1 for participant
details
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Translation to English:

Interview with: Rola Alhajj, Bachelor’s Degree in Graphic Design

Interviewer: Peace be upon you, and thank you very much for agreeing to participate in
this research interview.

A new interactive educational model called HyperLearnX has been developed. It aims
to provide educational video content that can be interacted with through embedded links
and texts, even in conditions of weak internet connectivity.

I will now show you a short sample of an interactive educational video, and afterwards,
I would like to hear your opinion and experience as a learner. This will help in
understanding the effectiveness of this new approach to distance learning.

How was your experience watching the interactive video?

It was extremely impressive for both students and non-students. Making the video
interactive and concise, while including questions to support understanding, is
excellent. It can be generalised to all segments of society, students, lecturers, and even
housewives.

2. Did you feel that you understood the information better compared to regular videos?

Yes. I prefer learning through HyperLearnX more than face-to-face learning and even
more than linear video learning, because of the great benefit related to the embedded
questions.

3. Did you find the links and texts within the video useful? Why?

Very useful, because they reinforce the information. Sometimes, in group study, we do
not get the chance to ask the lecturer questions since we want to give opportunities to
our colleagues. This reduces interaction in lectures and increases distraction. The same
applies to linear videos. In contrast, interactive videos make interaction mandatory and
facilitate the learning process.

4. Did you feel you needed additional support (such as a teacher) while watching?

It was very easy, and anyone can use it. This simplifies things for students, and the
usability is straightforward for everyone since we live in a technological era.

5. Did you face any technical difficulties while watching the video (loading, playing,
understanding the interaction)?
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The internet in Yemen is weak, but despite that, I was able to watch this video without
any problem loading it. I am currently using 3G, and I am speaking with you normally
via Google Meet video call, although there are some pixel breakages in the video.

6. Do you think this type of video is suitable for your educational environment and
internet conditions?

Yes, it is suitable. Even at home, we at least have regular ADSL internet.
7. Would you like to learn your courses in this interactive way? Why?

Yes, I would like to learn this way because of the interactive elements. Many points in
traditional learning are repetitive and become boring. This method helps students
greatly in saving time.

8. What suggestions would you make to improve the video or make it more useful for
you as a student?

Improving the quality and reducing the frame per second. I suggest adding a feature that
allows the user to adjust the resolution (by numbers that define the video screen
resolution) to match their internet speed. I also suggest implementing it in actual
education, even if the quality is not perfect, by reducing pixels or finding any solution
to make the video viewable with 3G internet. Another suggestion is to allow student
input, such as the option to submit a query, so that the video can display the segment
related to the requested information.

Interviewer: Thank you very much for participating in this interview.

Your feedback has been extremely valuable and will contribute to developing
educational tools that are more suitable for you and your colleagues, especially in
environments where access to quality education is limited.

Participant verification was documented and retained by the researcher as part of the
study’s audit trail.
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