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Abstract: The health consequences caused by the spread of the COVID-19
disease have motivated many countries to turn to e-learning environments. This
technological solution is the only one that has allowed the continuity of the
educational process. Unfortunately, this widespread teaching mode also poses
multiple problems that may negatively affect the learning process, including the
autonomy of learners, the lack of interaction and collaboration between them,
the lack of feedback on their activities, and the lack of appropriate support for
learners with difficulties. Solutions to these challenges include personalising
educational content and providing personalised and adapted assistance.
Providing help and support to learners can decrease some of the harmful effects
of the previously mentioned problems. The present work falls within this
context and aims to propose an approach that uses the traces left by learners to
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detect those who have difficulties and provides them with adequate assistance.
An online learning system called SANED adopted the proposed approach. To
validate the proposed ideas, real students tested the proposed tools. Found
results are encouraging and very promising.

Keywords: intelligent assistance; adapted assistance; traces; indicators;
learning difficulties; learning environment.

Reference to this paper should be made as follows: Bourbia, R., Drissi, S. and
Lafifi, Y. (2024) ‘How to provide intelligent assistance to learners in e-learning
environments?’, Int. J. Technology Enhanced Learning, Vol. 16, No. 1,
pp.74-101.

Biographical notes: Riad Bourbia is a PhD student at the University of
Mohamed Chérif Messaadia, Souk-Ahras (Algeria), and is affiliated with
LabSTIC laboratory at the University of eight Mai 1945 Guelma (Algeria). His
current research is focused on the development of intelligent systems designed
to assist learners in remote human learning environments.

Samia Drissi is an Associate Professor at the Department of Computer Science
at Souk-Ahras University in Algeria since 2009 and is affiliated with LIM
Laboratory. She received her PhD in Computer Science from the University of
Annaba (Algeria) in 2015. She is an Editorial Board member of many
international journals and conferences. Her research includes e-learning,
adaptive hypermedia systems, semantic web and artificial intelligence.

Yacine Lafifi is currently working as a Full Professor at the Computer Science
Department of Guelma University, Algeria. Also, he is a Senior researcher at
LabSTIC laboratory (Guelma University, Algeria). He works in the e-learning
research field since 1997. He received his PhD in computer science from the
University of Annaba (Algeria) in 2007. He has several published papers in
conferences and journals. Furthermore, he is an editorial board member of
many international journals and conferences. Currently, he works on e-tutoring
environments, artificial intelligence in education, e-learning, CSCL,
recommender systems, MOOCs, and human tutoring systems.

1 Introduction

In our daily lives, we all, without exception, rely on others to assist us in completing one
task or another. Whether doing simple or more complex and strenuous activities, asking
for help or helping others is essential. Several factors, such as pressure, load, and
personal or health issues, could place the learner in various states of difficulty regardless
of his intelligence level. Among these difficulties, the lack of understanding is the most
harmful, causing him to fail or drop out. To avoid that fate, the learner may seek
assistance from those around him, such as his teachers, peers, or others. He would use all
available means, especially effective and quick ones, such as asking for information,
enrolling in special courses, or buying books.

However, some students cannot express themselves or declare their problems due to
shyness or communication issues. As a result, teachers, parents, and even administrators
should identify those in need and provide adequate assistance. Although the primary goal
of e-learning is to overcome the disadvantages of face-to-face learning, learners also face
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several complications. In addition to the difficulties mentioned above, they must
overcome additional obstacles imposed by this mode of instruction, such as the lack of
physical communication, technical problems, difficulty using the system, inertia,
autonomy, and many others. When developing such systems, choosing an intelligent e-
Learning system that can identify learners in difficulty, detect the type of difficulty as
accurately as possible, and then propose an appropriate solution is a critical strategy.

Several research studies have been conducted, resulting in the development of
numerous systems (Casamayor et al., 2009; Ginon et al., 2016; Grivokostopoulou et al.,
2013; Mavrikis et al., 2016; Huang et al., 2010; Rosselle, 2012; Santos et al., 2015; Thai,
2016). Nevertheless, some concerns about these systems’ limitations have been addressed
after a period of use. Some of them are the following:

e Users of these platforms complain about the lack of interactivity and motivation
among learners.

e  Even though these systems tell teachers which learners are struggling, it remains up
to them to find the solution.

e Pedagogical difficulties are the only type dealt with, while learners need different
types of assistance (technical, pedagogical, etc.).

e The help or assistance tools offered by these platforms are insufficient as they only
offer advice and remarks in textual form.

e These systems do not consider the questions and requests made by learners.

Through this work, we attempt to address some of the learners’ concerns and inquiries to
improve online learning quality. The goal is to implement a system that supports the
learning, assessment, and communication processes by incorporating an intelligent
assistance tool that identifies learners with difficulty while performing these various
processes. The proposed tool accurately determines the difficulty and suggests simple and
effective solutions. It also provides learners with additional tools to express their
problems directly. To achieve this goal, several research questions are posed and need
answers, including:

e How to identify learners who need online support?

e What tools should be adopted to ensure adequate support to meet the learners’
expectations?

e How to deal with all the learners’ questions and queries during an e-learning session?

e  Finally, how can we measure these techniques’ contribution and impact on the levels
of learners in these computer environments dedicated to human distance learning?

This paper is organised as follows. Section 2 presents a literature review on learning
difficulties faced by learners and the up-to-date available support tools. The proposed
approach is described in Section 3. Section 4 presents the experiment carried out in the
computer science department, as well as the results and the surrounding discussion.
Finally, the general conclusion, the work limitations, and future work are highlighted in
Section 5.
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2 Literature review

2.1 Need for learners’ support in e-learning environments

Many technological developments have been made in several fields to make our lives
easier. In education, for example, we have moved to online teaching, where learners can
study at their pace and time and without writing a word. The same goes for the teachers
who perform their job with less burden, stress, and effort. This mode started to replace
face-to-face instruction gradually. However, online learning has various limitations like
autonomy, inertia, lack of motivation, low interaction, technical issues, and many others,
causing learners to struggle and pushing them to fail or give up. Being in difficulty means
being unable to achieve or perform assigned tasks correctly. In the educational field, this
occurs when a student encounters difficulties that prevent him from progressing in his
studies following the objectives of the training program (Adam et al., 2017; Gosselin
et al., 2003) or students who demonstrate low levels of interest in their learning in terms
of conduct, emotion, and cognition (Yang, 2021).

These difficulties causes may vary; some are temporary, while others persist
throughout the learner’s learning journey. Most of the time, they are expressed by the
interaction of various causes, including technical causes (Ali et al., 2018; Giilbahar et al.,
2010; Gutiérrez-Santiuste et al., 2016; Ramadiani et al., 2016), cognitive and mental
causes (Ali et al., 2018; Lafifi et al., 2010; Muhammad et al., 2015), and personal causes
(Schott et al., 2003). Some e-learning systems are designed to provide learners with
support alongside standard learning services (Saleh, 2020). Others specialise in assisting
struggling learners by providing level-improvement services (Choudhury, 2020; Szulc,
2019).

2.1.1 E-Learning systems offering remote assistance

Several e-learning researchers invested in developing various systems to assist struggling
learners. Following is a list of research studies focusing on the development of such
systems:

2.1.1.1 Systems for educational support

The teacher’s method for preparing and presenting educational content is controversial.
As a result, several types of assistance tools software (ATS) have been created. Rosselle
has implemented a teacher module (TM) that collects information about the teacher and
his teaching environment. This data is used by the ATS to customise the device to the
teaching context and the teacher’s preferences and needs. The TM manages data using
inference rules applied to ontology (Rosselle, 2012). Thai presented an instructional
guidance model to enhance SEPIA (Specification and Execution of Personalised
Intelligent Assistance). This model extends the aLDEAS (a Language to define
epi-assistance systems) language by defining the different types of instructional guidance:
sequential, contextual, temporal, personal, and free. The SEPIA engine interprets these
types of guidance by translating them into aLDEAS rules (Thai, 2016). Mavrikis and his
colleagues have created a set of visualisation and notification tools for the MiGen system
called teacher assistance (TA). The goal is to assist teachers in focusing their attention on
all students and intervening more effectively. The learning awareness tools user
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experience (LATUX) approach was used to develop these tools (Mavrikis et al., 2016).
Grivokostopoulou and his team also present two other tools that help instructors teach
logic formula conversion using an interactive web-based system. The first, the tutoring
manager (TM), assists the teacher in managing the didactic material, monitors the
learners’ progress, and identifies any difficulties they may encounter. The second tool is
the difficulty estimation intelligent system (DEIS), which assists him in determining the
difficulty level of a formula conversion process (Grivokostopoulou et al., 2013). Santos
and his research group use fuzzy logic to create eTutor, a web-based assisted learning
tool. It examines and reports to the teacher the learner’s learning behaviour (Santos et al.,
2015). Corredor and Gesa have proposed a personalised support tool for dyslexic
students. It was incorporated into a learning management system (LMS). This tool detects
reading preferences and difficulties before recommending interventions based on specific
cognitive deficits (Corredor and Gesa, 2012).

Some works have investigated collaboration in the context of assistance. Ospina and
Fougéres proposed a multi-assistance system based on a multi-agent system (MAS)
integrated into an iPedagogical learning environment. This system is intended to facilitate
a wide range of collaborative activities, particularly project management, by providing an
ergonomic and intelligent set of assistance and advice to all users (Ospina and Fougéres,
2003). Casamayor and colleagues presented an intelligent interface agent capable of
assisting the teacher in supervising and detecting difficulties in collaborative activities.
This data is derived from the indicators gathered about each learner’s interaction with the
system, which is created using the web usage mining (WUM) technique (Casamayor
et al., 2009).

2.1.1.2 Systems dedicated to technical assistance

In the literature, few works have addressed this type of assistance, and the only systems
found are those of generic advisors. The generic assistant aLDEAS (Ginon et al., 2016) is
made up of an event detector that monitors the target application and notifies the generic
assistant of any occurred events; this determines when an assistance action should be
launched. Table 1 provides a general summary of the works presented above.

The study of the work and the tools developed enabled us to identify some limitations,
including:

e Almost all authors have developed systems that favour the teacher over the learner,
who is the primary actor in the e-learning field

e  They focused more on a specific type of difficulty, which is learning.

e They deliver assistance in the form of information about struggling learners rather
than a solution to the difficulty itself.

e They provide textual advice as assistance.

These distance learning platforms’ complexity and their often-crowded interfaces pose
significant usability challenges. Users, mainly those unfamiliar with computer tools
usage, may become overwhelmed and quickly abandon their use. Aside from technical
difficulties, there are those imposed by the online teaching mode, such as autonomy, lack
of interaction, and inertia. There are also difficulties imposed by each learner’s
personality and abilities.
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Summary table of related works

Table 1
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This work aims to create an assistance tool that assists users of an e-learning platform.
The assistance is primarily for the learner and can be related to any difficulty.
Furthermore, it can take various forms, such as messages, videos, and sounds. The
following Section discusses the design we propose for such a tool.

3 A new approach for intelligent assistance of learners in an e-learning

environment

The main objective of this research is to detect learners experiencing difficulties and
provide them with adequate and timely assistance to avoid failure and overload. The
proposed approach should meet the following objectives:

Providing two types of student support: implicit and explicit.

Different types of assistance exist depending on the difficulty detected in the

student’s profile and preferences.

Engaging teachers and administrators in supporting learners and responding to

support requests and frequently asked questions (FAQs).

Providing teachers with feedback so they can intervene and advise learners who
show difficulties based on their assessment results.

Providing users with a system to evaluate assistants and helpers and classify them
under the headings top assistants and top helpers.

Figure 1 General architecture of SANED system (see online version for colours)
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An online human learning system supported the proposed approach. The system is named
SANED, which was hijacked from the Arabic word having the same sense, which means
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support or backing. As shown in Figure 1, it comprises three subsystems. A subsystem
specialised in learning that provides teachers and learners alike with the necessary tools
to manage learning objects and assessment tools. The second subsystem collects
information regarding the different activities and traces of the learners (trace
management). It then provides the third subsystem with the necessary data to deduce the
learners in difficulties and propose adequate assistance (assistance management).

3.1 Learning management subsystem

This subsystem (Figure 2) manages the learning operations. It is composed of the
following three modules:

Figure 2 Functional architecture of the learning management subsystem (see online version
for colours)
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3.1.1 Materials management module

SANED system provides the teacher with tools to organise the learning objects (LOs) in a
hierarchical form using the principle of prerequisites to allow him to condition the
passage from one LO to another according to the complexity and pedagogical
organisation of the subject. Similarly, for the pedagogical resources (PRs), their
distribution is conditioned by the results of two tests linked to the learner’s cognitive
level and learning style.

As the learners progress through the learning process, their levels and preferences
may change. For this reason, the proposed system reconstructs the new Cognitive Profile
of learners and must check it before each display of the resources to adapt them to the
state of each learner according to the following rules:

e If the cognitive profile is low: the system displays the PRs that require a low
cognitive level.
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e  If'the cognitive profile is medium: the system displays the PRs that require a medium
cognitive level.

e If the cognitive profile is high: the system displays the PRs that require a high
cognitive level

3.1.2 Self-assessment management module

A teacher can use this module to create one or more self-assessment exercises for various
existing tests, namely:

e Subject level test (LT) that calculates the initial cognitive profile of a learner
(basic/medium/high).

e The progression test (TP) is attached to the different learning objects (LOs) of the
subject and allows the validation of the acquisition of the knowledge of the current
LO by the learner to pass to the next LO.

e Final test (FT) declares the learner’s final verdict on the subject, either ‘pass’ or
“fail.’

Each exercise proposed by our system is composed of questions of three types:
e Multiple-choice questions (MCQs) with a maximum of four choices.

e True/false questions.

e Direct questions with open and short answers.

The following section provides more details on how the scores and percentages for the
various tests were determined. The evaluation method for the various tests is depicted in
Figure 3.

To progress to the next LO, the learner must successfully answer at least half of the
questions on a self-assessment of a progression test (PT) type. If not, the test must be
retaken; a maximum of three attempts is allowed. When all attempts are unsuccessful, the
intelligent support module of the SANED system assists the learner, advising them to
reread the current LO and retry the assessment. The system checks the dates and gives
him 24 hours to prepare and retake the self-assessment. This process is repeated until the
learner passes and moves on to the next LO. Determining the learner’s cognitive profile
allows the LMSS to display the appropriate PRs at the learner’s level and the support
management subsystems (SMSS) to determine if the learner is having difficulties if the
self-assessment fails.

3.1.3 Marks calculation module

The teacher should prepare a set of exercises for each learning object to test the learners’
knowledge acquisition level. Learners can self-assess themselves by answering various
questions in the exercise. At this stage, the MCM module calculates the mark based on
the criteria specified by the teacher while designing the exercises and applying the
pre-established processing formulas to the learners’ responses.
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Figure 3 Self-assessment process in SANED (see online version for colours)
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For a set of Subjects M, containing a set L. of LOs and self-assessment tests containing N

questions, the formulas for calculating the marks of the different tests are presented as
follows:
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Calculation of the LT score for material K (LTSk)
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notQik  The learner’s score for the question i in the subject level self-assessment k.
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Qmaxik The maximum score for the question i in a self-assessment of the LO;.
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Calculation of the FT score of a subject K (FTS)
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notQik The learner’s score for the question i in the FT self-assessment of subject
K

Qmaxik The maximum score of question i in a FT self-assessment for subject k.

Wer Coefficient of the LT
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Wer Coefficient of the progress test

Wer Coefficient of the FT.
The learner’s cognitive profile can be deduced from the percentage obtained as follows:
e If the percentage is in the range [0 %—40%] the cognitive profile is low.
e If the percentage is in the range [40%—70%], the cognitive profile is medium.

e  If the percentage is in the range [70%—100%], the cognitive profile is high.

3.2 Trace management subsystem

This subsystem collects and processes the traces left by each learner (see Figure 4). Its
primary role is to collect all learning traces left by the learner, like completed tasks,
including the date and times at which they started and completed. After that, these traces
are analysed using a set of rules to obtain a set of indicators.

Figure 4 Functional architecture of the traces management subsystem (see online version
for colours)
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The TMSS accomplishes these two tasks through the following modules

3.2.1 Traces collection module

Its task is to record every action the learner takes from the time he connects to the system
until he disconnects. This data is known as traces and are analysed to determine the
difficulties. These traces have been classified into five major types, which are as follows:

e Learning traces: These are the traces the learner leaves while engaging in learning
activities. For example, while consulting learning objects or consulting and
downloading learning resources.
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e  Evaluation traces: They are the traces left behind after completing self-evaluations.
For example, while consulting the answer key.

e Access traces: they concern access to the system’s various tools as well as the system
itself. For instance, while accessing the FAQ, forum, and messaging.

e Communication traces: they consider using the platform’s communication tools
(messaging, forums). For example, while sending messages, posting topics, and
replies.

e  Support trace: the learner left these traces when he used the support tools (FAQ,
support requests). For example, while asking questions and sending or responding to
requests.

3.2.2 Indicator calculation module

This module applies calculation formulas to all the traces collected by the TCM to deduce
indicators that may be used as benchmarks to make decisions on the learners’ state and to
identify those who are having difficulty. The rest of this section provides an example of
indicators used by our system (Table 2). The remaining indicators are included in the
appendix.

Table 2 Indicators related to access traces
Traces Indicators Rules Interpretation
Access to the system Dif Date Date of last access — date of Low rate of access to
current access > 3 days the system
Nbr_Tan Number of failed connection High rate of
attempts > 3 times connection failure
Access to Nbr CLC Number of clicks on the Links Low use of
communication tools of the Communication tools communication tools
(forum, messaging) (Per week) < 3 times
Access to support Nbr_ CLA Number of clicks on support Low demand for
tools (FAQ, support tool links (Per week) < 3 assistance
request) times
3.3 SMSS

SMSS is our most crucial subsystem; it detects difficulties and determines which
assistance is essential. After the TMSS collects and analyses all the traces, the SMSS
takes the resulting indicators as input, attempts to deduce the learner’s difficulty, and
proposes appropriate assistance. The two modules, DDM and IAM (mentioned below),
do this automatically. If the learner finds that the proposed assistance is insufficient, he
can consult another one or go himself to get it from his teachers, classmates, or system
administrators by using the Request Assistance option managed by the module MGDEA.
The Assistance Management Subsystem consists of three modules:

3.3.1 Difficulty detection module

Each indicator from the indicator calculation module (ICM) is associated with a specific
type of difficulty. The function of the DDM module is to research and find this
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equivalence, which is then used by the intelligent assistance module. Below, we define
the types of difficulties found by our system:

e Technical difficulties: these are those related to access traces.
e Learning difficulties: these are related to learning activities.

e  Evaluation difficulties: these difficulties take into consideration the traces related to
evaluations.

e Interaction difficulties: these are related to the communication and assistance traces.
Figure 5 Support process
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3.3.2 Intelligent assistance module

This module gets the difficulty identified by the DDM. The learner then receives three
suggestions suitable for the level of difficulty. They are presented from the simplest to
the most complex. If learners find the displayed proposal helpful, they may consider and
evaluate it. If not, they may see it as useless, and the following proposal appears. This
process continues repeating until the difficulty is deemed resolved or not. The assistance

process is illustrated in Figure 5.

Table 3 presents the system’s main assistance cases proposed to the learner.

Table 3 A few assistance cases provided by SANED
Traces Difficulties Type of Assistance offered
: difficulties -
Communication Difficulty in e Interaction 1 Message asking to consult help
via messaging or  communicating . . .
via the forum with others e Technical 2 Message offering copies of the
friendly message
(Language,
expression 3 Message offering the names of
difficulties, etc.) learners of the same age or sex
4 Message with links to topics that
may be of interest to them
(corresponding to their learning
style)
5 Message proposing questions from
the FAQ related to the problem
Use of Difficulty in e Technical 1  Message with an illustrative video
educational consulting, explaining how to access, view or
resources viewing or download a resource
downi)osdmg a . Learning 2 Message offering to install the
’ necessary software (adobe reader,
office word, etc.)
Difficulty in 3 Message offering resources that
understanding the require a lower cognitive level
content of the 4  Message offering resources with
resource different formats
Assessment of a Difficulty in e Learning 1 Message suggesting contacting the
LO or asubject  understanding the teacher
cont%r}t ofa e Evaluation 2  Message offering resources that
subject require a lower cognitive level
3 Message offering resources with
different formats
4 Message proposing Forum topics

related to the content of the subject
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3.3.3 Explicit assistance request management module

If learners find that none of the help provided by SANED is helpful, they may ask for
assistance from a classmate or a teacher if it is a learning difficulty or from the
administrator if it is a technical difficulty. They may do so by using one of the following
two tools:

a Request for assistance section: This section is similar to a messaging system, where
the learner can send a message explaining his problem to one of the system users. If
one of the actors replies, the learner can evaluate the proposed assistance and
comment on whether the actor is a good assistant or not. These evaluations allow
displaying the list of top assistants and top assistance.

b Dynamic frequently asked questions (DFAQ) section: Learners can refer to the list of
questions in the FAQs to find solutions to their issues. If no question seems to fit their
situation, they can ask a new question in the ‘subject FAQ’ if it involves a learning or
assessment difficulty or in the ‘technical FAQ’ if it involves a technical or interaction
problem. The administrator or teacher in charge of the FAQ analyses the question and
evaluates its relevance. If the question is found useful and has not yet been addressed,
it is added to the FAQs. As more learners participate by sending questions, the FAQ
keeps growing, and they may indeed find solutions to their requests. This dynamic
evolution of the FAQ increases the motivation and interaction of all actors.

4 Experimentation

This experiment aims to study how the proposed adaptive assistance used by the SANED
system has affected the learners’ learning. The questionnaire method gathering the
opinions of numerous students. It is based on assertions rather than observations. For this
purpose, appears to be the most effective for the following inquiries (research question)
should be addressed:

RQ 1 How do learners evaluate the usability and usefulness of SANED (as a
technological product)?

RQ 2 How do learners feel about support in SANED?

4.1 Participants

This experiment was conducted with second-year undergraduate students from the
computer science department studying the ‘computing architecture’ subject. 32 students
took part in this experiment. During this experiment, we explained to students that during
the learning process, the system would detect students with difficulties and give them
feedback to help them adjust their learning. They received a quick explanation of
SANED’s operation and how to use it. It should be noted that the students are familiar
with Moodle (see https://moodle.org/), the university’s online learning tool. In this
experiment, we attempted to answer the above questions.
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4.2 Methodology

Through the first question, we focus on the usability and usefulness of SANED. Two
factors were used by several valid models in the literature (Davis, 1989; Lund, 2001;
Lewis et al., 2013). We opted for the technology acceptance model (TAM), which gives a
prominent role in the user’s attitudes. The original TAM model was extended into later
versions, and additional second-level factors were added, such as intention and cognitive
load. To measure these various factors, we created Table 5 a 14-item questionnaire using
an updated version of the Davis questionnaire (Davis, 1989). Each item is rated on a 5-
level Likert scale (‘strongly disagree’ to ‘strongly agree’). The study by Tullis and
colleagues (Tullis et al., 2004) indicated that this scale was reasonably sensitive and
could distinguish between a poor and a well-designed system. The questionnaire in Table
4 has been developed to validate the first question through experience.

The second question investigates how learners perceive the various support
mechanisms available through SANED. To that end, an 11-point questionnaire was
created and scored using a 5-point Likert scale (‘strongly disagree’ to ‘strongly agree”).

4.3  Results and discussion

RQ 1 How do learners perceive SANED’s usability and usefulness (as a technological
product)?

The percentages headcount table and the cumulative percentages table were constructed
to divide the total participants into two groups using the data collected and presented in
Table 5. The first column, under ‘agree,” contains students who chose ‘agreeing’ or
‘strongly agreeing’ as their response. The second column, labelled ‘disagree,” combines
those who were ‘undecided,” ‘disagreeing,’ or ‘strongly disagreeing.’

According to the results:

e 87.5% of the students agreed that SANED is usable, while only 12.5% were unsure
or disagreed (Figure 6). Additionally, the simplicity of using SANED and learning
how to use it received the highest ratings for usability characteristics, scoring
93.75% versus 71.88% for the ability factor (Figure 7).

Figure 6 The usability of SANED (see online version for colours)
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Figure 7 Usability factors of SANED (see online version for colours)
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e 82.03% of the students believed SANED was useful, compared to 17.97% who
disagreed (Figure 8). Additionally, the learning efficiency factor of SANED is
dominant at 93.75%, compared to 56.25% for the performance factor (Figure 9).

Figure 8 Utility of SANED (see online version for colours)
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Figure 9 Utility factors of SANED (see online version for colours)
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e More than two-thirds of the students (68.75%) were confident in utilising SANED
frequently during their course, compared to 31.25%. As for the question of which to
choose between Moodle and SANED, 84.375% of the students chose to use SANED
(Figure 10). We think this is due to the various advantages associated with SANED,
such as customisation, monitoring, and especially support.

e  Two phenomena might be seen regarding the cognitive load related to SANED
(Figure 11). The first one concerns factors like the mental demand and effort
necessary to finish a task, which is around 60% and 69%, respectively; This can be
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explained via the learners’ brief use of the platform. Regarding the second
phenomenon related to frustration, 71.875% of students said they did not feel
stressed, discouraged, or assured of achievement, as opposed to 28.125% who said
the contrary.

Figure 10 Intent to use SANED (see online version for colours)
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Figure 11 Cognitive workload in SANED (see online version for colours)
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Figure 12 Histogram of the percentages of the headcount for questionnaire 2 (see online version
for colours)
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Table 6
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RQ 2 How do learners feel about assistance in SANED?

From the headcount Table 5, the percentage table (headcount and cumulative) described
below was constructed (Table 6), as well as the clustered histogram (Figure 12) and the
histogram of cumulative percentages related to questionnaire n°2 (Figure 13).

Figure 13 Histogram of cumulative percentages for questionnaire 2 (see online version
for colours)
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According to the results:

e Over 59% of the students agreed that the two SANED support mechanisms (implicit
and explicit) meet the expectations of the students with difficulties (question 15).

e 50% of learners agreed that the difficulties implicitly detected by SANED
(Technical, Learning, Assessment, Interaction, and Assistance) cover the most
relevant ones (question 17).

e 87.50% of the students enjoyed the assistance offered in SANED, which describes
the difficulty so that it is better grasped by the learner and provides a tip or
recommendation for overcoming it (question 20).

e 93.75% of the students consider the assessment tool for the proposed assistances and
the active assistants to be an attractive way to obtain valid answers to their questions
(question 21).

e 93.75% of students say that the teachers’ and administrators’ commitment to
assisting learners is fundamental to their success and makes SANED very effective
(question 22).

e 90.63% of the students believe SANED is a crucial tool for success because it allows
teachers to provide feedback to students who have difficulties after the assessments
(question 25).

5 Conclusions and future work
During the last few years, the world has been affected by the coronavirus pandemic, and

several countries have adopted online education on a large scale as the only possible
solution to continue the educational process. Unfortunately, their users have highlighted
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numerous limitations after using these platforms. These limitations and others lead most
learners to fail and drop out. Improving e-learning systems has become more than
necessary. Therefore, assisting learners in distance learning environments is a promising
way to avoid learner overload and improve the quality of teaching.

This article aims to design and implement an integrated support tool within an online
teaching platform, relying on trace analysis, to automatically detect the difficulties
encountered by the learners that require immediate assistance. We developed SANED, an
e-learning dedicated platform composed of three subsystems. The proposed platform is
not limited to the support process alone but also includes all the fundamental learning
operations and services that all learning management systems provide, such as learning,
evaluation, and communication tools.

We tried to answer the research questions raised in the introduction via this platform
by identifying learners needing assistance through the trace management subsystem and
calculating difficulty indicators. We have also defined five categories of traces (access,
learning, evaluation, communication, and assistance) associated with a set of indicators.
These indicators are used as input by the Assistance Management Subsystem, which tries
to deduce the difficulty faced by the learner, and displays adequate proposals, from the
simplest to the most complicated. As a result, several solutions of different types (advice,
list of resources, test message) are proposed for the same difficulty depending on the
learner’s learning profile.

If the learner is not satisfied with the assistance provided, SANED offers additional
explicit and practical support tools. He can use the support request form, the DFAQ, and
the forum, which allows for regular and rapid feedback on the learners’ inquiries, which
is essential for learning. Furthermore, the learner can rate the proposed assistance, as well
as the assistant himself, as being successful or not, making it possible to display a list of
TOP assistances and TOP assistants. The assistance management system uses this data to
further improve the proposed assistance and displays the list of good assistants to the
learners to allow more successful interactions.

An experiment was conducted to evaluate the impact of the assistance approach
adopted by the SANED system on learners’ learning. To gather their opinions, we created
questionnaires. The test was brief, with a total of 32 students participating in the
experiment. Most learners agree that SANED is easy to use and helpful; this can be
attributed to how simple it is to use and understand. More than two-thirds of students plan
to use SANED consistently throughout their courses, and they significantly prefer it over
Moodle because of its adaptability, monitoring, and support in particular. Due to the
platform’s brief usage duration, the two components of mental demand and effort to
accomplish a task about the cognitive load of SANED were both above average.
Regarding the frustration factor, students were not discouraged or stressed.

Concerning the assistance component, the two mechanisms proposed by SANED
meet the expectations of learners in need. Moreover, some students agree that the
difficulties detected implicitly include the most relevant ones. In addition, they appreciate
the help provided in SANED, which describes the difficulty so that the learner better
understands it and provides advice or recommendation on how to overcome it. Learners
report that the commitment of teachers and administrators to assisting learners is
fundamental to their success and renders SANED very effective. They also consider the
tool for evaluating proposed assistances and active assistants to be an attractive way to
get valid answers to their questions. Learners also felt that teacher’s feedback provided to
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learners showing evidence of difficulties following the results of their evaluations makes
SANED an essential tool for success.

In future work, we hope to introduce new metrics for learners’ motivation and
engagement. Also, we intend to include a new tool for video annotation to assist e-
learning. Finally, we want to conduct more experiments to validate the proposed
approach using additional, larger samples, over numerous learning sessions, and with
statistical analysis-inspired classification methods.
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Appendix
Table A7 Indicators related to communication traces
Traces Indicators Rules Interpretation
Communication Nbr ME Number of mails sent < 3 (per Low rate of
via email week) sending messages
P _MC (% A low ratio of
_MC (%) Nbr_MCx100_ s o wic .
percentage of Nbr MRe — message views to
. - . ved
c grrlI;Tltse d Number of emails consulted (read) messages receive
Nbr_MRe: Number of mails
received
P_MR (%) Nbr MR x 100 A low ratio of
= T <D5%
percentage of Nbr MRe responses to
mails answered Nbr_MR_: number of mails messages received
answered
Nbr_MRe: number of mails
received
Communication P_SP (%) Nbr SP x 100 A low ratio of
via forum percentage of Nbr ST <25% Nbr_SP: applicants to the
applicants N . . total number of
Number of subjects applied for applicants
Nbr_ST: Total number of subjects
P_RP (%) Nbr RP x100 A low ratio of
= < 25%
percentage of Nbr ST postulated
responses - responses to the
applied for Nbr_RP: number of postulated total number of
responses subjects
Nbr_ST: total number of subjects
Table A8 Indicators related to learning outcomes
Traces Indicators Rules Interpretation
Consultation of Nbr CM Number of consultations of a Low material
materials subject (per week) =0 consultation rate
Consultation of Nbr_COA Number of LOs of a subject (per Low LO
LOs week) =0 consultation rate
Consultation of Nbr_CR Number of views of a resource = 0 Low rate of
educational resource viewing
resources Nbr TR Number of downloads of a Low resource
resource =0 download rate
Dur V Viewing time (Video/Video Short video asset
conference type resource) < “4Time viewing time
Search in the Nbr_RFP Number of search operations in the ~ Low research rate

FAQ
(educational
questions)

FAQ on pedagogical issues
(personal week) =0

in the pedagogical
FAQ
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Table A9  Indicators related to traces of assistance
Traces Indicators Rules Interpretation
Use of the Nbr DE Number of requests sent < 3 Low rate of requests for
support (per week) assistance per week
rquest P_DC (%) Nbr_DCx100 . The low ratio between the
section percentage of Nbr DRe <25% number of assistance
requests - requests consulted and the
consulted Nbr_DC: number of total number of requests
requests consulted (read) received
Nbr_MRc: number of
applications received
P_DR (%) Nbr_DR x 100 . Low ratio of responses to
percentage of Nbr DRe <25% requests for assistance to
requests - the total number of
answered Nbr_DR: number of requests received
requests answered
Nbr_DRc: number of
requests received
Using the P_QP (%) (Nbr_QPx100)/(Nbr_QT)< Low

FAQ section

percentage of
Questions applied

25%
Nbr_QP: number of

for questions applied for
Nbr_QT: number of totals
questions
Search in the Nbr RFT Number of FAQ search Low search rate in the
FAQ operations on technical technical FAQ per week
(technical issues (per week) < 3
questions)
Table A10 Indicators related to evaluation traces
Traces Indicators Rules Interpretation
Evaluation of a Note OA "Note EOA The low score in the
learning object self- Zl ote_ <Nbr QT/2 LO self-assessment
(LO) assessment Nbr EOA B
note from an Note_EOA: Note of an LO
LO assessment Nbr EOA: number of
evaluations of a LO
Nbr_QT: total number of questions
in the assessments of the same LO
Carrying out Nbr EOA Number of resolved self- Low rate of
evaluations assessments of a LO <Nbr_ET implementation of
Nbr_ET: total number of LOs
assessments of the same LO
Assessment of Note Mat Final subject self-assessment, the The low score in the
a subject score is between 0—9 subject
Failure of a Nbr TE Number of attempts at High rate of failure of

self-assessment

self-assessment > 3

a self-assessment




