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ABSTRACT

The distance learning domain has undergone an increasing interest in recent artificial intelli-
gence (AI) technological innovations, aiming to improve the quality of learning while saving
time, energy, and cost. Nevertheless, despite using these technologies, during the COVID-19
pandemic, distance learning actors, including tutors, content producers, and learners, encoun-
tered difficulties in learning through online sessions and virtual classrooms. They suffer from
issues related to the availability of tutors and teachers, reliability of knowledge, restricted
learner behavior, limited human interaction, and learners’ dropout. To address these chal-
lenges, this paper proposes the “PIKU” specification, focusing on four main requirements, par-
ticularly, 1) pedagogy, 2) inclusivity, 3) knowledge management, and 4) user-centricity. This
specification aims to support learners, promote interaction, and foster collaboration while
enhancing learners’ engagement. We propose providing reliable knowledge while ensuring
equitable learning and prioritizing learners’ preferences, improving the overall learning
experience. Furthermore, we illustrate the feasibility of the “PIKU” specification by proposing
an educational system capable of automatically supporting learners. This system not only
meets the “PIKU” requirements but also demonstrates its ability to promote an engaging and
rich learning experience.

KEYWORDS
distance learning, artificial intelligence, PIKU, pedagogy, inclusivity, knowledge management,
user-centricity

1  INTRODUCTION

Artificial intelligence (AI) technologies consist of various techniques that auto-
mate tasks and enhance efficiency by mimicking human intelligence [1]. This diverse
array of tools represents significant advancements in the field and has shown effec-
tiveness across multiple domains, particularly in distance learning, where they
improve the learning experience and educational outcomes [2].
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In recent years, Al technologies have enhanced the learning process [3] by
personalizing educational materials to individual needs [4], providing detailed
information on progress and difficulties, offering multilingual course materials with
automatic translation systems, automating grading and assessments, and integrat-
ing conversational agents or chatbots to address learners’ questions 24/7, thereby
reducing tutors’ workloads. Specifically, an Al chatbot is a conversational agent
capable of imitating human writing style and abilities and generating human-like
text in real time.

Chatbots, or conversational agents, arise as major generative Al applications
largely integrated into education settings, automating tasks while promoting mean-
ingful interaction. They can operate around the clock through diverse devices. They
use natural language processing (NLP) and deep learning techniques to imitate
human language, properly addressing repetitive and massive learners’ questions.
By providing reliable knowledge, chathots offload learners from sourcing across
various available sources and relieve tutors from monotonous tasks, enabling them
to focus their energies on more complicated tasks. Educational chatbots have illus-
trated growing interest with researchers proposing innovative approaches for their
development. However, there are some limitations and challenges facing chatbots
related to the manual creation of the chatbot’s Knowledge Base (KB), limited KB, lack
of external sources to support the chatbot’s local KB, lack of voice-enabled chatbots,
unidirectional interaction, and lack of chatbots for supporting learners in collabora-
tive distance learning spaces.

This paper aims to contribute to the distance learning field by proposing a novel
educational specification, named “PIKU,” focusing on four key requirements capa-
ble of effectively improving distance learning settings: 1) pedagogy, 2) inclusivity,
3) knowledge management, and 4) user-centricity. The main objective of our pro-
posed specification is to provide robust, effective support to learners while promot-
ing interaction and collaboration among them to advance learners’ engagement.
Additionally, an educational system is designed to not only meet the “PIKU” require-
ments but also to demonstrate its capacity to promote an engaging and rich learning
experience based on generative Al technologies.

The remainder of this paper is organized as follows: Section 2 reviews the related
works, highlighting key research and technological advancements. Section 3 intro-
duces the proposed specification, outlining its fundamental requirements. Section 4
explores the conceptual model of the proposed system, detailing its architecture and
core functionalities. Section 5 discusses the development phase, presenting the
implementation process, tools, and methodologies used. Finally, Section 6 concludes
the paper by summarizing the findings and discussing directions for future work.

2 RELATED WORKS

Chatbots play a pivotal role in relieving tutors from repetitive and monoto-
nous responsibilities, such as addressing tedious and extensive learners’ inqui-
ries [5]. Furthermore, they offload administrative staff from repeatedly providing
information related to the university or the institute [6]. Moreover, chatbots relieve
learners from the time-consuming task of sourcing multiple sources for reliable
information [7]. This section aims to discuss the use of chatbots in education, high-
lighting related issues and challenges.

In the distance learning domain, chatbots help learners by assisting them while
they learn the course material [8]. They allow learners to get the information
they need without having to wait around for tutors to respond and explain [9];
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chatbots can support learners by giving them clues and insights to solve exer-
cises and assignments [10]. They also examine the comprehension of learners
and carry out the evaluation automatically [11]. As a result, chatbots automate
numerous activities and services, relieving actors while saving time and energy.
Furthermore, chatbots promote information accessibility by engaging with learn-
ers in diverse languages [12], effectively reducing language barriers and fostering
learners’ engagement. Additionally, when integrated across multiple communi-
cation channels [13], chatbots enable learners to choose channels based on their
individual preferences. They can also interact with learners through text, images,
voice, and beyond.

Despite Al advancements, educational chatbots still face various challenges and
issues, especially: (1) Lack of multi-language chatbots: English is recognized as the
main language for the proposed chatbots [14]. (2) Limited support for problem-
solving: Chatbots excel in tutoring and answering course questions [15], but should
focus on helping learners master technical knowledge, foster analytical skills,
and assess comprehension, providing personalized support. (3) Lack of chatbot-
based voice interaction: Chatbots, while proficient in text-based conversations [16],
there is a crucial need for inclusivity and enhancing learning accessibility, especially
fordisabledlearners. (4) Lack of integrated chatbotsinto online channels: Researchers
suggest creating customized chatbot interfaces [17], but integrating them across vari-
ous platforms is recommended for enhanced accessibility and personalized learning
experiences. (5) Unidirectional Interaction: Chatbots often consider learners as pas-
sive consumers [18], capable of consuming pre-stored knowledge, not producing it.
(6) Lack of chatbots enabling collaboration: Research on chatbots in collaboration is
limited, with most studies focusing on individual learners rather than collaborative
learning environments.

The chatbot’s KB serves as the central processing unit. It acts as the key element
that enables chatbots to properly generate answers to learners’ inquiries [19].
The development of a chatbot’s KB involves the rigorous gathering of essential
knowledge relating to the chatbot’s designated domain. This knowledge repository
empowers the chatbot to provide appropriate responses to a wide range of learners’
inquiries, ensuring its ability to address a maximum number of learners’ questions
effectively.

The construction of the chatbot’s local KB can be achieved through two main
methods, either manually or automatically. Various methods are proposed to build
a chatbot’s KB, namely: collecting pairs of Q&As [20], learning materials [21], and
ontology [22], consuming both time and energy. The chatbot may use this data to
humanely handle the conversation. Additionally, some researchers use existing
knowledge, such as official databases [23] and documents [24], to test the chatbot’s
creation without wasting time and energy in collecting the Knowledge Base.

Some works automate the construction of the chatbot’s KB, aiming to save time,
energy, and resources. However, the results remain unsatisfactory as the local KB
remains fixed and limited to pre-stored knowledge. Consequently, the chatbot’s KB
does not evolve, putting its responses at risk of becoming outdated. To relieve these
limitations, some researchers propose supporting the local KB of their chatbots
by retrieving information from external sources [25], [26], [27]. While external
sources offer valuable information, it’s crucial to address some limitations, includ-
ing (1) wrong knowledge: Wikipedia’s content, often sourced without rigorous ver-
ification [26], can lead to inaccuracies, making it crucial to implement a rigorous
verification process to ensure the knowledge reliability, (2) high system workload:
Researchers suggest using the World Wide Web for answer generation, but extensive
preprocessing is needed due to the vast amount of information available online, and
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(3) low learners’ engagement. A recent study conducted by [25] suggests integrating
learners into chatbot KB enrichment. However, the study lacks rewards, potentially
decreasing motivation, and engagement. [28] propose a chatbot that informs tutors
when a question has no answer, providing reliable answers but potentially degrad-
ing motivation and engagement.

To address these challenges, this work proposes a novel educational specification,
redesigning the learning system to make the learner-chatbot relationship bidirec-
tional, where learners can not only consume knowledge but also contribute to its
creation, promoting collaboration and enabling interaction. Considering the pro-
posed specification, an educational system is designed, highlighting the role of chat-
bots in addressing voluminous learners’ questions, providing real-time answers,
and excelling in a larger breadth of queries. The designed system underscores the
pivotal role of learners’ assistance by addressing their questions based on a large,
dynamic, and evolving Knowledge Base.

3  OVERVIEW OF PIKU SPECIFICATION

The “PIKU” specification strategically centers around four key requirements,
namely: 1) pedagogy, 2) inclusivity, 3) knowledge management, and 4) user-
centricity. These requirements are tailored to directly address specific challenges
identified in the related works. There are five main requirements, particularly:
(1) Pedagogy by prioritizing interactive and collaborative pedagogical learning
approaches, (2) Inclusivity by providing equitable access to proposed services,
(3) Knowledge management by capitalizing on reliable knowledge for further
learners’ support, and (4) User-centricity by putting learners’ specific needs at the
center of the work.

It is essential to elaborate on how these components interact, particularly how
knowledge management (K) is influenced by inclusivity (I) and pedagogy (P).
Inclusivity shapes knowledge management practices by ensuring that resources are
accessible to all learners, which is critical for addressing the digital divide in distance
learning. Conversely, pedagogical approaches inform the organization and presen-
tation of knowledge, promoting collaborative learning and engagement. However,
practical implementation of inclusiveness requires attention to infrastructure devel-
opment, hybrid learning models, and community engagement to overcome barriers
and ensure that diverse needs are met.

Emphasizing the interplay between these components enhances the PIKU spec-
ification’s utility, providing a comprehensive framework for fostering inclusive,
interactive, and user-centric educational environments. Addressing the challenges
of inclusivity, such as access to technology, is crucial for creating equitable learning
opportunities that cater to all students.

The primary objective of this section is to provide an in-depth exploration of the
proposed specification, presenting its objectives and aims, along with a detailed
examination of the key requirements. This section is subdivided into four subsec-
tions; each section is dedicated to explaining an individual requirement.

3.1 "P"requirement

The “P” in the proposed specification specifically denotes the pedagogy
requirement, highlighting its pivotal role in designing the learning experience for
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optimal outcomes. Particularly, the significance of pedagogy cannot be overstated in
ensuring effective learning support. Consequently, we accord the highest priority to
pedagogy within the “PIKU” specification, aiming to adopt a pedagogical approach
designed to improve learners’ engagement, involvement, and overall outcomes.
Specifically, pedagogy in the proposed specification denotes the integration of the
interactive and collaborative learning pedagogical approach. Figure 1 illustrates the
“P” requirement components.

( PEDADOGY REQUIREMENT ) . I oBmeTyeRgegemant,
involvement, and overall outcomes
Question g
Propose
? Interactive O@ Learner (:’ W P
Learning o Answer systom
Collaborative S — O
Peers
Learning &98 888 L o Learner ()
Collaboration

Fig. 1. “P” requirement components

As illustrated in Figure 1, the “P” requirement is thereby particularly centered
around fostering an interactive and collaborative pedagogical learning approach,
directing attention towards augmenting interactivity and collaboration.

Regarding interactivity, the “P” requirement proposes addressing voluminous
learners’ questions by providing appropriate answers, thereby relieving them from
searching across various sources and saving valuable time and energy. Similarly,
offloading tutors from answering repetitive learners’ questions, consequently con-
centrating on more complicated tasks.

Regarding collaboration, the proposed specification focuses on promoting col-
laboration among learners, enabling them to collaborate, interact, and learn from
one another, thereby fostering a sense of community and improving learners’
knowledge.

The “P” requirement aims to make them more engaged and involved with the
learning process, thereby addressing learners’ low engagement challenges.

Key components include NLP algorithms to analyze learners’ questions, enabling
the system to provide accurate, contextually relevant answers while gauging stu-
dent sentiment for tailored support. AI-powered chatbots will handle repetitive
queries using NLP techniques, freeing up tutors to focus on more complex tasks.
Additionally, the system will feature collaborative learning platforms where
learners can engage in real-time interactions, supported by Al-driven recommenda-
tion systems that facilitate connections among students with shared interests.

3.2 "I"requirement
The “I” requirement represents inclusivity in the “PIKU” specification; it refers

to the intentional design of learning practices aimed at meeting the diverse needs,
backgrounds, and abilities of all learners. This requirement ensures equitable access
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to learning resources and overall proposed services, promotes a sense of belonging,
and actively engages every learner in the learning process, regardless of differences.

Inclusive learning environments are strategically designed to reduce barriers,
celebrate diversity, and provide supportive learning environments where all indi-
viduals can progress academically and personally. Figure 2 presents the key charac-
teristics associated with the inclusivity requirement.

Learner

Collaboration Interaction

&j&

Text and voice Different languages

Different channels

Fig. 2. Key characteristics in the inclusivity requirement

As illustrated in Figure 2, inclusivity is a key objective, aiming to reduce barriers
by enabling learners to engage with the learning system through different channels
and languages, tailored to their preferences. Additionally, in consideration of learn-
ers with disabilities, the proposed specification goes beyond mere text integration,
including voice functionality. This inclusion is designed to empower impaired learn-
ers, facilitating effective learning despite their specific challenges.

The “I” requirement not only ensures equal access to learning but also serves as
a motivational tool. It provides learners with the opportunity to personalize their
learning environment through tailored settings, aligning with their individual pref-
erences. This specification not only fosters inclusivity but also encourages and moti-
vates learners by giving them the autonomy to choose an environment conducive to
their optimal learning experience.

To achieve this, various Al technologies will be utilized, including NLP for real-
time translation and text-to-speech capabilities, ensuring language differences do not
impede participation. Adaptive learning technologies powered by machine learning
will analyze learner data to personalize content and pacing, while recommendation
systems will curate resources that cater to different learning styles, fostering a sense
of belonging among students.

3.3 "K"requirement

The “K” requirement in the proposed specification focuses on knowledge
management, encompassing the processes of capturing, structuring, storing, and
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retrieving reliable knowledge. This requirement is designed to ensure the quality
and reliability of information shared with learners, facilitating knowledge sharing
and enhancing decision-making capabilities. The primary objective is to provide
learners with accessible, high-quality, and trustworthy information. By prioritizing
effective knowledge management processes, the “K” requirement significantly con-
tributes to creating an environment where learners can confidently engage with
accurate and valuable content. Figure 3 illustrates the detailed process for capitaliz-
ing on reliable knowledge.

Knowledge management process

gl

—
Capturing Verlfylng Organizing Storing Retrieving
Collecting and Ensuring the Structuring Storing knowladge in Accessing reliable
recording knowledge knowledge reliability knowledge to make it repositories, knowledge.This often
from various sources. of knowledge. easily ble and datab or other Involves search
und dable y for future functionalities and
relerence. retrieval systems.
t T $
Internal Data External Data

- Local KB Learners ;;'_;;; Collaborative ﬁExternal

. 2\\)0 Learning sources

Fig. 3. Knowledge management process with data sources

As illustrated in Figure 3, the knowledge management process includes multiple
steps strategically designed to ensure the reliability of shared knowledge, with the
“K” requirement using two primary data sources: internal and external.

— Internal data refers to the system’s local KB and learners’ data. The local KB
stores reliable knowledge, helping learners access accurate information effi-
ciently. The “K” requirement optimizes learner-system interaction, extracting
valuable insights and providing personalized learning experiences. By tailoring
responses based on these interactions, the system boosts personalization, enhanc-
ing learner engagement and creating a richer learning experience.

— External data includes learner-generated knowledge and information from
web sources. Learner-generated knowledge is validated and assessed for quality,
ensuring the accuracy and usefulness of peer-shared insights. This contributes
to a high-quality knowledge-sharing environment. Additionally, web sources are
integrated to provide up-to-date data, with tutors verifying the accuracy and reli-
ability of this information.

All shared knowledge can be categorized as either tacit knowledge, rooted in
personal experiences and expertise, or explicit knowledge, referring to structured
and codified information. Knowledge management plays a pivotal role in this
process by identifying and establishing connections with these external sources.
The objective is to enrich the system’s KB, ensuring a rich and diverse repository
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of knowledge. Thus, it contributes to the system’s effectiveness in providing robust
support to learners.

In essence, the “K” requirement not only focuses on validating shared knowledge
but also highlights the power of learner-system interactions to continually refine
and enrich the learning journey. This specification is pivotal in fostering a dynamic
and engaging learning environment.

Techniques such as NLP facilitate the extraction of relevant information, while
ontologies and knowledge graphs ensure effective structuring and interconnected-
ness of knowledge. Machine learning algorithms personalize knowledge retrieval,
and automated fact-checking tools verify the accuracy of information before sharing
it with learners. This strategic integration ensures that the knowledge imparted is
accessible, high-quality, and trustworthy, fostering an environment where learners
can confidently engage with valuable information and enhance their decision-mak-
ing capabilities.

3.4 "U"requirement

As claimed by [29], user-centricity, formally introduced in 2009 by the European
Commission, is one of the underlying approaches to European public services. It can
be defined as putting users’ needs at the center of the work. Within the “PTKU” spec-
ification, user-centricity is denoted as the “U” requirement, which sheds light on
the capability of the system to adapt services to match specific needs. Particularly,
it centers around the system’s ability to provide an efficient experience for users,
taking into consideration factors such as accessibility, user interface design, and
overall interaction design.

The primary objective of the user-centricity requirement is to guarantee that the
system is adaptive and evolves using the overall user experience. Figure 4 illustrates
the basics of the user-centricity in the PIKU specification.

Personalization

LEARNERS @ Improve learning
[ﬂ}g]] FEEDBACK experionce

Recommendation

Fig. 4. User-centricity in PIKU specification

As illustrated in Figure 4, the user-centricity, or “U,” requirement in the PIKU
specification relies on learners’ feedback to evolve proposed services and make
them centralized around learners’ needs. Particularly, learners’ feedback can be
used to empower the system with personalization and recommendation services
according to the specific preferences and needs of learners. Thus, improving the
overall learning experience.

In essence, this user-centricity requirement ensures a continuous cycle of sys-
tem enhancements, aligning the system closely with user needs and expectations.
By iteratively incorporating learner feedback, the system evolves to align with the
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“U” requirement, fostering an effective environment for learning and thereby mak-
ing learners satisfied.

Artificial intelligence can significantly enhance the U requirement of the PIKU
specification by leveraging advanced technologies to personalize learning expe-
riences. Through NLP, the system can analyze learner feedback to understand
sentiments and concerns, allowing for timely adjustments to educational content
and methods. Machine learning algorithms, including collaborative and content-
based filtering, can generate personalized learning paths and recommendations
tailored to individual preferences. Additionally, a continuous feedback loop
enables the system to dynamically optimize these recommendations based on
real-time learner interactions, ensuring that educational services remain aligned
with user needs and expectations, ultimately enhancing learner satisfaction and
engagement.

This section resumes the key requirements within the “PIKU” proposed specifica-
tion, highlighting each requirement’s specifics. Based on this specification, the pres-
ent work proposes a model of an intelligent system capable of addressing previous
challenges discussed in literature.

4  PROPOSED SYSTEM CONCEPTUAL MODEL

The proposed system was designed to not only meet the “PIKU” requirements
but also to demonstrate its development feasibility in promoting a rich and engag-
ing learning experience. To illustrate the alignment of the proposed system with
the “PIKU” specification, Table 1 highlights the proposed services matched with the
“PIKU” requirements.

Table 1. Proposed services matched with “PIKU” requirements

PIKU Requirements Proposed Services

Pedagogy — Collaboration

— Chatbot
Inclusivity — Voice integration

— Multilanguage services

— System incorporation
Knowledge management — Internal and external databases
User-centricity — Recommendation

— Personalization

As presented in Table 1, the proposed system aims to meet the “PIKU” specifica-
tion and its requirements. Each of these services plays a crucial role in promoting
effective pedagogy, ensuring inclusivity, facilitating knowledge management, and
enhancing overall user-centricity. Particularly, each service within the proposed sys-
tem integrates various components that synergically interact to achieve the planned
objectives. This section focuses on the proposed system with its services and how it
can meet the requirements of the “PIKU” specification. We will outline the concep-
tual model of the proposed system as the crucial phase in the development process
of the present study. Figure 5 presents the general conceptual model of the pro-
posed system.
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Fig. 5. Proposed system conceptual model

As presented in Figure 5, the proposed system provides the following services:
Graphical User Interface (G.U.1), chatbot, collaboration, recommendation, personal-
ization, and storage. Each service provides specific functionalities to guarantee the
system’s functioning.

— Graphical User Interface: Designed with user-friendliness at its core, the inter-
face adapts seamlessly across multiple channels to meet diverse user needs and
preferences. To enhance accessibility, it incorporates voice capabilities using
Speech-to-Text and Text-to-Speech technologies, enabling impaired learners to
interact with the system effectively. Additionally, the system is designed to inte-
grate smoothly into various online channels and e-learning platforms as a plugin,
providing a flexible and convenient user experience. For broader accessibility,
we propose multilingual support using Application Programming Interfaces
(APIs) for content translation, enabling the system to respond accurately to a
wider range of inquiries and promoting inclusive learning environments.

— Chatbot: The chatbot is an interactive tool designed to provide instant feed-
back and personalized learning across multiple devices, making education more
engaging and accessible. It capitalizes on a robust knowledge base to reliably
answer common learner questions and handle repetitive inquiries efficiently.
Leveraging advanced NLP techniques, including feature extraction and similar-
ity scoring, the chatbot delivers accurate, contextually relevant responses. This
approach enhances the chatbot’s ability to support interactive learning, making
it a valuable resource for learners seeking quick, reliable assistance.

— Collaboration: The Al-driven collaboration service enhances learner engage-
ment by promoting multilingual teamwork through real-time translations and
summaries of key discussion points. This fosters a shared knowledge base under
tutor supervision, benefiting both learners and the chathbot’s growth. To create a
dynamic, interactive collaboration space, we propose implementing the JavaFX
library, which supports collaborative learning and structured chat spaces. This
approach empowers learners by making collaboration seamless, inclusive, and
highly interactive.
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— Recommendation: Al dynamically adjusts learning content based on learner
progress, recommending appropriate materials, exercises, and assessments to
suit individual learning levels. A hybrid collaborative filtering approach will
be used, combining matrix factorization (e.g., SVD or ALS) with content-based
filtering to recommend relevant learning materials and peer interactions.

— Personalization: Generative Al customizes learning materials based on user
performance, feedback, and learning style, creating personalized quizzes, simu-
lations, and exercises. We propose using reinforcement learning (RL) techniques,
such as Deep Q-Networks (DQN) or Proximal Policy Optimization (PPO), to create
adaptive learning paths based on learners’ performance and engagement.

— Storage: Includes internal data such as learner databases and chatbot logs, as
well as external data shared among learners and sourced from the web.

These services collectively perform specific tasks to ensure the functioning of the
proposed system, aligning with the “PIKU” proposed specification. Additionally, the
proposed system services enable enriching the local KB with new knowledge. This
keeps learners up to date. Also, offloading tutors from time-consuming tasks to sim-
ple guidance and supervision.

5 PROPOSED SYSTEM DEVELOPMENT PHASE

The development phase of the proposed application adopts various tools and pro-
gramming languages to ensure the effective creation of the core services. Table 2
provides a comprehensive overview, detailing the type of each tool, including pro-
gramming language, style sheet language, framework and library, software tool,
Integrated Development Environment (IDE), and Relational Database Management
System (RDMS).

Table 2. Tools and programming languages

Tool Type Details
Java Programming language | A high-level, general-purpose, object-oriented programming
= language, designed to be platform independent.
=i
E Python Programming language | A high-level, general-purpose language known for its
S readability, simplicity, and versatility.
/M
MySQL RDMS An open-source RDMS that uses SQL for data
management.
CSS Style sheet A style sheet language for describing the presentation of
language documents written in HTML or XML.
= JavaFX Framework and library | A set of graphics and media packages for developing rich
o client applications across multiple platforms.
=
£ | Scene Builder | Software A visual tool for designing JavaFX User interfaces without
. tool writing code.
Intelli] IDEA | Integrated development | An IDE for Java and other programming languages.
environment

Table 2 outlines the tools used to develop the proposed application, including
Java and Python for back-end development, MySQL for data management, and CSS
for designing user-friendly interfaces. JavaFX supports cross-platform development,
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and Scene Builder speeds up interface creation. Intelli] IDEA integrates the developed
code for efficient workflows. The system promotes a bidirectional flow of knowledge
between learners and tutors, enriching the chatbot’s KB and fostering collaboration.
The PIKU specification is implemented in the collaborative learning space,
IkraaCL (see Figure 6), and integrates various Al-driven features designed to enhance
the overall learning experience. Through IkraaChat, learners interact with both the
chatbot and their peers, promoting seamless knowledge sharing. To demonstrate
the feasibility and effectiveness of the PIKU specification, we conducted a pilot study
using a prototype of the system. The results indicated increased learner engagement,
improved collaboration, and overall satisfaction with the inclusive features.

| & IKRAA Application —

| File Help

IkraaBot everyday ! Cancel

Bot: Hello khadija, how can i assist you today?

You: T wanna knnow the diference between XGboost
ansd Deccision Tree??

Bot: Decision Trees are standalone models, making
decisions based on individual features. XGBoost is an
ensemble learning algorithm that Dboosts the
performance by combining multiple decision trees, ‘
offering improved accuracy and generalization.

You: Ok thanks i sce..

Bot: Anytime

Collaborate on IkraaCL Enter your question Chat on lkraaChat
5 erms and Conditiog

Fig. 6. Proposed prototype

A critical aspect of inclusivity is the support for learners with disabilities or
limited access to technology. The system addresses this through voice interaction,
enabling students with visual impairments or those with limited typing skills to fully
participate. Additionally, low-bandwidth modes are available to accommodate stu-
dents with limited internet access, ensuring that inclusivity is not compromised by
technological constraints.

Furthermore, the PIKU specification can be expanded to incorporate other Al
applications, such as adaptive learning systems, intelligent tutoring, and predictive
analytics. These innovations enable personalized learning pathways, provide timely
feedback, and predict learner needs, further supporting diverse student populations
and fostering an inclusive, user-centric, and data-informed learning environment.

6 CONCLUSION

The PIKU specification has guided the development of a system designed to
address key challenges in distance learning, with five core services: 1) a chatbot to
support learner inquiries, 2) a collaborative platform enabling guided peer inter-
action, 3) personalization to tailor the learning experience, and 4) a recommenda-
tion engine for individualized material suggestions. Together, these services work

52 International Journal of Engineering Pedagogy (iJEP) iJEP [Vol. 15 No. 1(2025)


https://online-journals.org/index.php/i-jep

iJEP | Vol. 15 No. 1(2025)

An Integrated Al Specification to Improve Distance Learning

in synergy to elevate the learning experience, freeing both learners and tutors from
repetitive tasks and allowing for more meaningful engagement. (Highlighted above:
Say five but there are only four in the list)

The system shows promise for application across various educational settings. By
transforming learners from passive recipients to active contributors, it encourages
collaborative learning in K-12 and higher education, where student participation
and critical thinking are essential. For professional training environments, the sys-
tem’s adaptability and real-time feedback offer ongoing learning and skill develop-
ment tailored to the user. Furthermore, its inclusive features, including multilingual
support and accessible interfaces, make it highly adaptable across diverse educa-
tional environments.

Integrating this system into larger learning platforms presents some challenges,
such as ensuring knowledge validation, maintaining the efficiency of the knowl-
edge base, managing multilingual accuracy, and securing user data. Solutions such
as automated moderation tools, machine learning for refined knowledge manage-
ment, improved language processing, and stringent data security protocols will be
essential to scaling this framework effectively and responsibly.

As a future work, integrating this system into a comprehensive learning platform
will allow its full potential to be realized. This phased integration will involve align-
ing the system with existing educational infrastructures, ensuring a smooth, user-
friendly experience, and maximizing the benefits of its interactive and accessible
features. By addressing scalability, inclusivity, and security, this integrated approach
positions the system as a valuable tool for creating more interactive, effective, and
inclusive learning experiences across varied educational settings.
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