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Abstract—Learning is a complex process linked to a number of individual,
cognitive and affective characteristics of the learner. In this context, the learner’s
Working Memory (WM) concept has also been identified as a preacher of learn-
ing performance. In the learning process, solving a problem is an essential part
of the learner's WM. Its capacity and performance are predictive factors of aca-
demic success. The success of the given problem depends on a good selection,
processing and transformation of this information. This mental work within the
WM requires a good WM Capacity (WMC). The improvement of the WMC
needs some strategies which focus on the learning content and the use of educa-
tional technologies in the learning process.

Encouraged by the results of previous research, this work aims to harness the
potential of educational technologies to enhance the learners'’ WM ability in
learning mathematics in an e-learning environment. In order to help learners with
low WMC in e-learning, this paper proposes to set up an e-learning platform in-
tegrating an Intelligent Tutorial System (ITS). The purpose of this ITS is to man-
age the limited ability of the learner's WM by adopting strategies that improve
the transition of mathematical knowledge from short-term memory to long-term
memory. The proposed ITS generates e-learning content that will serve to im-
prove the learner's WMC, and subsequently improve his learning performance.

Keywords—Working Memory, Working Memory Capacity, e-learning, ITS.

1 Introduction and research issues

Learning is a continuous process of acquiring new or modifying knowledge. The
learning process is related to a number of individual, cognitive and affective character-
istics that explain the corresponding variability in learning performance. In this context,
the concept of Working Memory (WM) has been identified as a preacher of learning
performance. In the learning process, solving a problem is an essential part of the learn-
er's WM. Its capacity and performance are predictive factors of academic success. It
has a significant impact on the learner's performance [1].

Indeed, when solving a problem by a learner, his WM receives essentially two types
of information: information that comes from the school environment, selected by the
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student's sensory receptors, and information already stored in its Long Term Memory
(LTM), relevant and useful for the realization of the problem requested. The success of
the given problem depends on a good selection, processing and transformation of this
information. This mental work within the WM requires a good WM Capacity (WMC).

To improve the learner's WMC, several strategies have been put in place [2]. These
strategies focus on the learning content and the use of educational technologies in the
learning process in order to promote the WMC management and thus improve the stu-
dent's academic performance thereafter [1].

Encouraged by the results of previous research, this work aims to harness the poten-
tial of educational technologies to enhance the learners' WM ability in learning mathe-
matics in an e-learning environment.

Thus, in order to help learners with low WMC in e-learning, this article proposes to
set up an e-learning platform integrating an Intelligent Tutorial System (ITS). The pur-
pose of this ITS is to manage the limited ability of the learner's WM by adopting strat-
egies that improve the transition of mathematical knowledge from Short-Term Memory
(STM) to LTM. The proposed ITS generates e-learning content that will serve to im-
prove the learner's WMC, and subsequently improve his or her academic performance.

The design of the proposed ITS takes into account the different characteristics of the
WM, which allows the ITS to present to the learner the pure information that it can
code, organize and develop effectively, promotes the acquisition of knowledge.

In addition to the basic models (domain, tutor, learner and interface), the ITS archi-
tecture incorporates a "WMC management model". This model, in permanent interac-
tion with the other models, allows, as a first step, to test the learner's WMC as well as
his level of information processing in order to group a database describing the learner's
profile. The results of the diagnosis will be used to classify the WMC and the level of
information processing that the learner can achieve at intervals well defined by the ITS.
Based on these findings, the ITS directs the learner to learning activities, be it improve-
ment activities of their WMC (eg WMC training activities) if their results are too low,
or mathematical problems to solve, appropriate to his skills, and allow a transition from
one level to a higher one, as he succeeds in the proposed problems.

The rest of this paper is structured as follows: first, the paper presents a literature
review of the main concepts on which this work is based, namely, WM, e-learning and
ITSs. Secondly, this work exploits the characteristics of ITSs and those of the WM to
design an ITS that responds to the problematic, explaining the vision about the im-
provement of the WMC via the targeted ITS, and subsequently ensure a better academic
performance of the learner, user of this ITS. This research ends with a conclusion and
perspectives.

2 Theoretical background
2.1  Working memory

WM: definition and models. WM is a model derived from the current "Information
Processing System (IPS)" [3] for which the abstract and symbolic information is treated
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in a localized way and sequentially. Working memory allows you to temporarily retain
and manipulate new information that is involved in processes such as comprehension,
learning and reasoning. This model is proposed by [4] as an alternative to the concept
of short-term memory of the modal model proposed by [5].

The most adopted model of WM [6] is the tripartite model consisting of : the exec-
utive center, representing an attention control system capable of supervising the infor-
mation from two enslaved systems and, the phonological loop and the visuo-spatial
sketchpad. The phonological loop processes information from language and hearing,
while the visual-spatial register holds images.

In 2005, a new component of the WM was added [7] to its initial model called "the
episodic buffer", which response to a number of experimental facts not predicted by the
tripartite model (Figurel).

Central Executive
)

Visuo-spatial Phonological loop
sketchpad

!

Visual semanticse—————— Long term memory <«——> Language

Fig. 1. Working memory model according [7]

WMC. The WMC is limited. In 1956 , the ability of an adult's working memory was
determined [8] to 7 items +/- 2. This means that one would have the ability to jointly
manage 7 isolated +/- 2 elements before that these do not fade, replaced by others. This
ability is expressed by the working memory span, which is the number of isolated items
that can be stored in memory for up to one minute. It is measured by many tests.

Reference [9] hypothesized that WMC “is about using attention to maintain or sup-
press information”. The WMC does not really concern storage or memory as such, but
rather the capacity for sustained, controlled attention to interference or distraction [10].

2.2  E-learningE-learning: overview. E-learning is the use of technology to enable
people to learn anywhere and anytime. It covers all training methods using the
computer tool. This definition includes several independent axes:

¢ Online or offline media
o Individual or collective learning
e Trainer present, remote or absent
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When we talk about e-learning, other terms are sometimes used, such as : online
formation, online learning, online education, distance education or distance learning.

In itself, e-learning does not imply anything about: the physical presence of a trainer,
the very existence of the trainer, the autonomy of the training, or the place of training.

In practice, e-learning is often considered as the means to follow a training from any
computer station equipped with an Internet connection.

e-learning covers all types of training from an interactive DVD-ROM to a virtual
classroom with a trainer and co-learners.

E-learning environments. The e-learning environment refers to the collaborative
interactions used for knowledge acquisition within the online computer-mediated digi-
tal system [11]. There are different e-learning environment namely:

o A learning management system (LMS): is a software application or Web-based tech-
nology used to plan, implement, and assess a specific learning process. Typically, a
LMS provides an instructor with a way to create and deliver content, and students
with the ability to use interactive features such as discussions, video conferencing,
and forums. [12]

e A Learning Content Management System (LCMS): is a tool or software that allows
an organization, university, or company to create and publish learning content and
publish it in print and web formats. Good LCMS will also have analytics so you can
see data on how learners are interacting with your content, and some offer a single-
source input, which allows creating the content.

e A Virtual Learning Environment (VLE): is a system for delivering learning materials
to students via the web. These systems include assessment, student tracking, collab-
oration and communication tools. For those who edit them, VLEs may have a de
facto role as authoring and design environments. [13] VLEs have been adopted by
almost all higher education institutions in the English-speaking world.

Managing the WMC in e-learning: mains strategies. Working memory is the
mechanism that manipulates information temporary located in the short-term memory
and either discards it or facilitates its transition to the LTM e-Learning content should
be based on strategies that enhance this transition in order to guarantee that learning
has actually taken place.

As working memory has a limited capacity and duration, it tries, when there is much
incoming information, to retain only the meaningful one and discard all the rest to make
room for more incoming information. Based on this there are certain strategies eLearn-
ing professionals should follow in order to manage working memory’s limited capacity.
Previous research [14] cites some of these strategies as:

Present new concepts starting from simplest to most complex;
Limit the number of distractions ;

Provide opportunities for practice;

Chunking ;

Present information in meaningful and easily digestible ways;
Include assignments that activate long-term memory schemata;

iJET — Vol. 13, No. 12, 2018 145



Paper—Using an Intelligent Tutoring System to Support Learners” WMC in e-learning: Application in...

2.3  Intelligent Tutoring Systems (ITS)

Description. An intelligent tutorial system (ITS) can be defined as a computer-
based learning environment that integrates computational models borrowed from cog-
nitive science, computational linguistics, education science, artificial intelligence,
mathematics, and computer science to other areas [15]. This system is characterized
by the fact that it makes it possible to automate teaching and to promote learning with-
out the intervention of a human tutor.

ITSs have been proven over time and have been very effective, particularly in the
fields of mathematics, science and technology [16]. They represent a learning medium
that has a much greater impact than the classroom environment and can capture the
attention and interest of the learner for hours.

Basic architecture and operation. The classic conceptual architecture of an ITS
consists of four models:

¢ A domain model or expert model: which knows what to teach

¢ A tutor model or pedagogical model: which knows how to teach

e A learner model: which personalizes the learner

¢ A model of the interface: which presents my visible means allowing interrelationship
between the learner and the system.

Figure 2 presents the different classical models of an ITS and the interactions be-
tween them [17]:

| Domain Model { or Expert Model) |

/ ‘\.

Tutor Model (or Pedagogical Model) < » Learner Model
+
A J
Interface Model < > User

Fig. 2. The basic conceptual architecture of an ITS

An ITS is able to track learner behavior using a process called learner modeling. The
learner model can include knowledge of the learning subject, skills, learning strategy,
level of motivation, emotion, and other attributes that can be assessed. The ITS uses
information from this model to interact with the learner adaptively.

Learning content models specify "what" to teach using knowledge bases as well as
teaching strategies that specify "how" to teach it. They make inferences about the learn-
ing object and the activities that need to be done by a learner in order to dynamically
adapt the content or the style of training offered. In this sense, ITSs are different from
traditional learning systems by the good determination of domain knowledge, pedagog-
ical knowledge and learner representation.

ITS and WMC improvement. Research [18] has shown that WM is a key factor in
online learning. Learning in a hypermedia environment requires cognitive processing
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of visual and verbal content, involving both the slave systems of the WM, and the re-
sources of the executive office. As a result, WMC can predict learning performance in
hypertext environments, hence the importance of measuring this ability before starting
e-learning. This requires certain structures or methods of presenting content to be
learned, as well as strategies and techniques that take into consideration the WMC and
the level of manipulation and processing of information within the learner's WM.

In this respect, ITSs are presented as a tool that brings together the need to describe
a profile of the learner's WM, and the choice of activities appropriate to his profile,
while improving his WMC by moving from a mathematical problem. to another, more
data and a higher level of information processing than the problem that precedes it.

3 Towards an ITS supported WMC model to enhance learners’
performance

3.1 Global overview

The success of a mathematical problem depends on a good selection, processing and
transformation of its data as well as the knowledge that this problem must appeal. This
success requires the application of certain strategies focused on the learning content,
namely the statement of the mathematical problem as well as the knowledge and the
knowledge of the student about the given learning situation.

The targeted ITS brings together the factors responsible for the success of a mathe-
matical problem while improving the WMC of the user-user of the system. The ITS to
be designed must be able to:

o Diagnose the learner knowledge and skills based on principles rather than pre-pro-
grammed responses;

Decide on the next task to be performed

Adapt the proposed learning situations to the learner's skills

Ensure effective communication with the learner

Encourage reflection, processing and coding of information by the learner

Allow a good exploitation of the WMC of the learner

3.2  Design of the ITS-supported WMC

The ITS targeted organize the linked steps that the learner has to go through to enable
the system to group a descriptive database of the learner’s profile. This sequence con-
sists of passing the WMC test which measures the working memory capacity, and the
IPL test which measures the level of information processing within the WM. The results
of these tests allow the ITS to direct the learner towards the activities he needs, whether
it is improvement activities of his WMC (for example the training activities of the
WMC) if his results are too weak. , or mathematical problems to solve, appropriate to
his skills, and allow a transition from one level to a higher one, as he succeeds the
proposed problem. These steps are presented in Figure 3.
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In principle, it is the "Answer the submitted problem" phase that makes the differ-
ence between the ITS to be designed and the other ITSs dedicated to school learning.
Indeed, this phase allows the learner to identify and then organize the data within the
WM, which decreases the memory load within this memory, which allows a good ex-
ploitation of the WMC. In addition, this phase ensures the back and forth chained and
structured between the STM and the LTM, and an organized presentation, at the level
of the WM, of the different data collected within these two memories.

l Low results WNMC Training
Activities

Wrong answer
WMC
Test l
Mathematical problem proposed by ITS
Results Answer the submitted problem
PL S
Test Answer the submitted problem
Select problem’s data ‘
Good results Informations about cases similar to the
submitted problem Remember useful knowledge stored at the LTM ‘
Help (access to knowledge in the LTM) Correct
‘Transformation (identification of variables, application, | answer

Next mathematical
problem

Fig. 3. The overall design of the ITS targeted

The success of these steps allows the evaluation of the competences of the learner at
the level of the selection, organization, coding and elaboration of the information that
one asks him when solving the mathematical problem proposed. It also allows maxi-
mum exploitation of the WMC of the learner, and leads him to practice the basic tech-
niques to succeed a mathematical problem.

If the learner realizes the mathematical problems proposed, one after the other, re-
specting the proposed stages of this phase, he will take the habit of thinking and act in
the same way when solving problems even in class (without tools technological). This
is where we can ensure an improvement of the WMC, and later that of the student's
academic performance.

3.3  Functioning of ITS supported WMC

An ITS works by selecting and presenting a problem or question to the learner. It
compares the desired solution to that provided by the learner and then performs a diag-
nosis based on the differences found between the two solutions. After providing ade-
quate feedback to the learner, the system makes a new assessment, updates the learner
information, and repeats the cycle.

At the first contact between the target ITS and the user learner, the ITS proposes to
the user to pass:

o A WMC test: is a test that allows the measurement of numerical memory and in
letters. The results of this test are used to rank the learner's WMC at one of the ca-
pacity’s intervals determined in the ITS . This interval is the first variable that the
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ITS takes into consideration when proposing the mathematical problem to be solved.
It directs the learner towards problems whose number of data necessary to its reali-
zation does not exceed the WMC of this learner.

e An IPL test: is a test of measurement of the level of processing of the information
that the learner can reach the resolution of the mathematical problems. It is a set of
learning situations that are based on the processing of a set of information, in order
to answer specific questions. The results of this test are used to classify the level of
information processing that the learner can achieve in one of the intervals determined
within the ITS. This interval is the second variable that the ITS takes into consider-
ation when proposing mathematical problems to be solved. It directs the learner to
problems that respect the learner's ability to make transformations and treatments
when solving the mathematical problems chosen by the ITS.

3.4 ITS architecture

The conceptual architecture of an ITS cited above will serve as the basis for devel-
oping the ITS target. However, in trying to achieve the intended objectives of this re-
search, another model called "WMC Management Model" is proposed, which ensures
the planned tasks of the ITS to be designed. The conceptual architecture of the ITS
targeted is illustrated in Figure 4.

Domain Model

Tutor Model
7

4% Interface Model }17

Fig. 4. Conceptual Architecture of the ITS targeted

Learner Model

WMC Management Model |

The architecture of the component models of the targeted ITS is based on various
research results made concerning ITSs dedicated to the improvement of learning, spe-
cifically mathematics, and also those interested in mathematical problem solving pro-
cesses, in addition to research that focuses on strategies for developing WMC.

Interface Model. This component is the input of the ITS, which provides the learner
with an environment with which he interacts, by giving and receiving messages from
the system. It can be presented in different forms depending on the learning environ-
ment chosen and the intended purpose.

e QGraphical interface: buttons, icons and menus
e Tangible interface: a command language or natural language
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This research favor that the targeted ITS will use a graphical interface, to guarantee
a simple and direct use of ITS offers. The model of the interface will be presented to
the learners in the form of a web interface.

Learner Model. This model is built into the system. It represents the cognitive, af-
fective, psychological and emotional state of the learner at a given moment of his in-
tended learning.

The construction of this model is done by comparing the performance of the learner
to that of the expert, this for the same problem. We favor adopting a model composed
of expert knowledge, learner knowledge and shared knowledge. This model will allow
us to discover a margin of errors that the learner can commit, which will facilitate the
choice of methods and techniques of remediation. The architecture of the targeted learn-
ing model is presented in the following figure:

Learner Model
Knowledge Model Skills Model
WM Model QI Model
Performance Model Psychometric Model
Cognitive Model
Psychological model
Behavior Emotional model
Mental processes interpreted by expressions

Fig. 5. The architecture of the Learner Model targeted

Tutor Model. This is the most important component of an ITS, since the other com-
ponents of the system access this model to achieve their respective functions. This
model is based on the domain model for planning learning activities and preparing for
their implementation. Its operation consists of:

Select the tasks to be performed by the learner according to his needs.
Plan activities to present to the learner

Provide the appropriate explanations

Determine when and how to intervene when learning

Help, accompany and guide the learner in his learning task

The architecture of the tutor model must make use of the contents of the domain, the
different didactic, pedagogical, metacognitive strategies and those which mobilize the
WM. The functioning of this model is based on appropriate educational approaches to
make decisions in given learning situations. The tutor model targeted is illustrated in
Figure 6.
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Content Strategies mobilizing WM
¢ Domain content s Training
o Content related to solving o Reduce cognitive charge of WM

mathematical problems

Diagrams representing the Problem area = Research area
problems
« Attempts at solution testing
e Stimulate reflexivity e Defined by:
« Tobe able to supervise and = Initial state

Goal to reach

evaluate his actions during the =
resolution of the given = Operators (actions, means ...)
problem = Constraints of the application
e Stimulate self-regulation of the operators
Problem types Cognitives processes

Tools and methods for solving

mathematical problems Teaching techniques

Fig. 6. The architecture of Tutor Model targeted

e Sub-model “Content”: This is the body of knowledge of the field in terms of con-
cepts, principles and procedures. This database allows the construction of activities
and mathematical problems proposed.

e Sub-model “Diagrams representing the problems”: This sub-model help to reduce
the mental load of the WM, and to ensure the modelling of the problem given by an
identified schema.

e Sub-model “Strategies are mobilizing WM”: These are the set of strategies that can
improve the capacity of the WM, such as training, or that can reduce the cognitive
charge imposed on the WM. It proposes to adopt the strategy of mobilization and
development of WM schematized by the following process:

Present the new concepts
from the simplest to the | >
most complex

i

Limit the number of M Offer opportunities for
distractions r practice

A4
v

Present the information
<’:] in a relevant and easily <\]
assimilable way

Granularize courses and
contents

A

Include homework that
activates LTM schemas

7

Fig. 7. The proposed strategy of mobilization and development of WM

e Sub-model “Problem area”: This space allows the learner to proceed with the reso-
lution of the given mathematical problem, and to have attempteds to test the solution.
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e Sub-model “Problem types™: It is a varied series of open and complex problems,
presented in various formats (articles, tables, drawings, ...). It is a sub model that
offers coaching and support to the learner when solving the mathematical problem.

e Sub-model “Pedagogical techniques”: This sub-model offers various pedagogical
techniques, according to a model based on the training of sequences of activities.
This involves several pedagogical principles like stimulation of active and construc-
tive learning, the creation of opportunities for collaboration, and development of
self-regulation of learning

e Sub-model "Tools and methods for solving mathematical problems”: Structured
methods are used to identify and solve a mathematical problem, and the specific
tools implemented within the applied method.

e Sub-model “Cognitive process”: It is the set of mental processes that allow an indi-
vidual to acquire, process, store and use information or knowledge.

Domain Model. The domain model, or expert model, consists of a knowledge base
that the system attempts to teach to the learner. It contains coded domain knowledge
and mechanisms related to the exploitation of this knowledge. He is able to manipulate
and explain the stored knowledge. It can also reason with generalized knowledge, and
draw valid conclusions that are not explicitly encoded. The architecture of the domain
model is presented by the following figure:

Meta cognitive

Disciplinary knowledge knowledge

Research strategies n Techniques, Procedures
problem situations .
and Skills

Self-regulation strategies
Possible errors

Beliefs associated with
Mathematics Metalogical strategies

Fig. 8. The architecture of the Domain Model targeted

e Sub-model "Disciplinary Knowledge": consists of the table of contents of Mathe-
matics as a subject, mathematical concepts, algorithms and symbols used in solving
a mathematical problem.

e Sub-model “Research strategies in problem situations”: these strategies introduce a
systematic approach to the task at hand, and increase the probability of finding the
right solution.

e Sub-model “Self-regulation strategies”: these strategies are based on the four key
points of self-regulation: goal-setting, planning, control and adjustment.

e Sub-model “Metalogical strategies”: allow the management of meta-structures of
reasoning procedures when solving mathematical problems.
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e Sub-model “Meta-cognitive Knowledge™: groups the learner's abilities, the charac-
teristics of the tasks to be carried out, as well as the validity of the manipulated strat-
egies.

e Sub-model “Techniques, Procedures and Skills”: groups the techniques, procedures
and skills used to solve a mathematical problem.

e Sub-model “Possible errors”: contains all the errors that the learner may commit
when solving the proposed mathematical problem. The existence of this error field
allows the system to choose the appropriate remediation method in order to over-
come the difficulties that arise in this resolution.

e Sub-model “Beliefs Associated with Mathematics” : this is the set of Beliefs related
to the learner's own relationship to learning and problem solving, as well as beliefs
related to the social context in which the mathematical activities take place, as well
as beliefs about Mathematics and solving problems themselves.

WMC Management Model. This model takes a database of the learner by measur-
ing his WMC. According to the results found, the system guides the learner to the ap-
propriate activities at his WMC. It consists of two sub models:

e "WMC tests": who will test the ability of the WM for each learner, as well as its
level of handling and processing information within the WM

e "WMC Improvement": responsible for improving the functioning of the WM by us-
ing strategies mobilizing this memory

The architecture of the "Management of the WMC" Model is represented by the
following figure:

WM Tests WMC Improvement
Training / Coaching
WMC Tests
.. L e Different degrees and help
Digital and letter B systems
Span Lest e Effective modling of the

proposed activity

Mathematical problem proposed

IPL Tests

Measurement of Information [ = Compliant with the WMC level
] of the learner

Processing Level within the WM
> GO(;d —[_ # [ts resolution helps to impove the
results WMC of the learner complied

Fig. 9. The architecture of the WMC Managemet Model targeted

The general architecture of the targeted ITS. All the proposed models are grouped
in the ITS architecture covered by the following schema:
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| Interface Model (Web Interface) ‘

Learner Model & Domain Model
WMC Management
| Knowledge Model | | Skills Model ‘ Mo delg Disciplinary knowledge Meta cognitive
knowledge
WM Model I | QI Model ‘
| WMC IPL Resef}ch strateg_les n Techniques, Procedures
Performance Model Psychometric Model Test Test problem situations and Skills
Cognitive Model
Self- lation i
Psychgletiilsia;[model Emotional model Results Possible errors
Mental processes interpreted by expressions Beliefs associated with
) Mathematics Metalogical strategies
Good results Low results
1

Tutor Model

Math. Problem proposed by ITS

[ Content | i m;bilizi.ng WM

M‘ Problem / Research area
problems Cognitive processes

i

‘ Tools and Methods for solving mathematical problems

Fig. 10. The general architecture of the ITS targeted

The ITS interface ensures contact between the learner and the various models of the
system. Interactions between ITS models are favoured as the learner moves from pre-
sented content from one interface to another. In the light of the results collected by the
learner in each stage of the proposed work, the ITS uses the different knowledge, data,
techniques, procedures and skills that the learner must manipulate in order to succeed
in the mathematical problem proposed

4 Summary and future work

Without any doubt, working memory is one of the most important brain functions
with a significant impact on the learning process. When considering how working
memory functions in order to improve the online training experience, instructional de-
signers should have two things in mind: how to manage working memory’s limited
capacity and working memory strategies that will facilitate the transition of information
from short-term to LTM.

By studying the factors that influence the acquisition of learning in Mathematics, be
itat the WM level and its characteristics or at the level of mathematical problem-solving
procedures, the ITS targeted during this research is presented as a tool that brings to-
gether the need to describe a learner's MDT profile, and the choice of activities appro-
priate to his profile, while improving his WMC by moving from one mathematical
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problem to another, a number of data and a level of information treatment superior than
the problem that precedes it.

Future research aims to implement the ITS designed, test it with learners and im-
prove its architecture by adopting different strategies that appear essential for the de-
velopment of the WMC of the learner, and the progress of his academic performance
in Mathematics.
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