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Abstract

In the context of e-Learning systems, we can distinguish between two different types of settings. First, we have adaptable
systems, which refer to the property of changing the system settings. The learner can change the behavior of the system.
Then, the learner is able to customize the system in a specified way to fit the needs of users. The learner model is the key
element to generate the adaptation of the system to each specific user. It’s a representation of the learner information
through which the system is based in to make it adaptable. We will present in this paper the implementation of a
probabilistic learner model developed based on multi entities Bayesian networks and artificial intelligence, into a Course
Creation Application Compatible with LMS-LD. The results presented in this work favor the implementation of a learner
model to endorse the adaptation into some learning situations that the learners have followed during a year of testing.
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1.Introduction

The increasing power of computers makes it possible
to process more and more complex applications,
complexity coming from the many interacting entities
that are autonomous, heterogeneous and evolving.
The adjustment of this adaptive content, need a well-
defined layout of the user.

The learner model is the key element to determine the
way a system would behave with its users. In the case
of absence of this model, the system would work in
identically with all its users. We try in this paper, to
implement the probabilistic learner model [1] in the
instructional management systems-learning design
(LMS-LD) course creation application
(COPROLINE) [2], to give this application the
possibility to adapt the learning path of each learner
individually, following the three steps of
implementation: data collection, initialization and the
update of the learner model.
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The main objective of this paper is presenting the
results of the implementation of a probabilistic
learner model developed based on artificial
intelligence and multi entity Bayesian network into
COPROLINE. And to present a study based on how
this application will impact the path of each learner
dynamically.

To achieve this objective, we will start by presenting
the learner model in adaptive hypermedia (AHS), the
characteristics and components of this model. Then,
we will present the modalization of this model based
on artificial intelligence and multi entity Bayesian
networks. And, we will follow the steps of
implementation by presenting the results of each step
beginning by the data collection and the initialization
and the update phase. The results presented in this
work favoring the implementation of a learner model
to endorse the adaptation into some learning
situations that the learners have followed during a
year of testing.



2.Materials and methods
2.1Learner model: development and
characteristics
We will begin by presenting the characteristics of the
learner model in existing Adaptive Hypermedia
Educational Systems (AHES), and the process of
developing such a model to achieve an individual
adaptation for each user.
2.1.1The characteristics of a learner model
A new generation of advanced learning systems must
incorporate new pedagogical approaches that give the
learner an active role in learning and building
knowledge. These systems need to be more
interactive, but most importantly, incorporate a more
user-centric view. The purpose of these systems is to
adapt the presentation of knowledge and help the
learner to navigate through the graph composed of all
pages and links [3—6].

The purpose of the learner's modeling is to give as
complete and faithful a description as possible of all
the aspects related to the behavior of this user. User
models in AHS are generally compatible with IMS
and public and private information (PAPI) standards.
Just choose to use their structures and vocabularies to
form attribute-value pairs for constructing models
[7-8].

The major characteristics of the learner model could
be reduced as we have published to [9-13]:

Learning state

Learner knowledge

Characteristics of the learner

Interactions between the system and the learner

Dynamic model

Dl;\t;(l)l&lged t Cognitive model

Learner
Uncertain model m()del Model with

contempt

Collaborative Open
model interactive model

Figure 1 The characteristics of a learner model

Figure 1 represents the major characteristics of the
learner model in adaptive systems. Any learner
model developed relies on all of these characteristics
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to cover the huge amount of data collected required
to an efficient and complete initialization of this
model [14].

2.1.2Learner model’s development process

The processes of developing a learner model in
AHES consist of three major steps: the data
collection phase, initializing the learner model and
updating the model created.

In each of these phases, several methods and
techniques are used. Choosing the right one is the key
element to ensure adaptation in all the process of
initialization. This process differs from system to
system [15].

The update requires acquiring data about the learner
behavior and adjusting the user model. Acquisition is
the process of gathering learner inputs that
correspond to learner interactions in AHES, such as
the pages visited, the steps in solving a learner's
problem, and so on [16—18].

Initialization of
the Learner model

+User data collection

*Systems data
ci llection *Affecting the user
into stereotypes

*Tracking the user
schanging the
stereotypes

*Creating Learner
I *Development of a
izl learner model
Update of the
Learner model

Data collection

Figure 2 Learner model implementation process

Figure 2 shows the steps in developing a learner
model. Beginning with the first phase, the data
collected about the user and the system, this leads to
creating a learner profile. The initialization phase and
the update and tracking of this model.

2.1.3A probabilistic and dynamic learner model

We have developed a probabilistic learner model
based on artificial intelligence and multi entity
Bayesian networks [19]. The main fragments of this
learner model are:

- The fragment pre-test;

- The fragment learning situation;

- The fragment evaluation.

The pre-test fragment represents the initial tests that
the learner has to take before being affected an initial
stereotype or being given access to any learning
situation. They are two types of these tests. One
based on questions to test the learner knowledge. And
the other based on the practice test his abilities. The
learning activity fragment represents information
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about the learning activity. The learner must follow
this activity during his or her learning path. The most
important part that this fragment is composed of
being the type of activity; they’re in general two
types: the interactive activity and the static activity.

The evaluation fragment represents the evaluation
tests. The learner must take these tests at the end of
each learning activity during their learning journey.
This fragment has a condition in case of failure
named remediation. This condition, works as an alert

that aware the systems in case of failure and that
include a call for the tutor to help the learning to take
the next action.

For the learner fragment, there are three child nodes
of this main node: The pre-test, the learning activity,
and the evaluation. This fragment regroups all the
other learner activity and information within a
learning situation.

Fragment Pre-test
F’{K_nﬁwledga.,&hiliﬁs) | r/kP{PassedFariled) |
[ Typa Pra-tast {obj) ] [\’sﬁdsﬁmpﬁ-tat(obj)]

Fragment Learner

Appel tuteus (Historiqus,
sensibilisation du systame)

LE (Passed Failed) |

IsP (Passed Failed)

LA (Passed Failed)

Fragment Learning activity

ﬁ(mmw_sm'c) ‘ "-/ISLA(szedFailed) l

[ Trps Lesming activity (obi) ] [ e (obj)]

Fragment Evaluation

l Femeadiarion (Tuter call)

Validation Evaluation (obj)

l Validation Lasming activity {obj)

Tutor call (History, 5 i

Figure 3 The M-theory of our probabilistic learner model

Figure 3 represents the multi-entity Bayesian
network theory (M-theory) of the learner model we
have developed [20]. This M-theory represents all the
fragment of the learner model that composes the
learning path that the learner has to take in order to
success in a learning situation.

All this fragment has independent data input, which
give us the possibility of tracking the learner situation
in each stage of the learning situation. From the pre-
test that the learner takes before entering the learning
situation, to the assessment that the learner takes at
the end.

388

2.2The course creation
(COPROLINE)

In this part, we will present the main architecture of

the course creation application COPROLIN. The

system composition and the learner section with all

the functionalities.

2.2.1The main system architecture

COPROLINE is a system of production of

educational projects compatible with the IMS-LD

specification. COPROLINE composes of two

sections: the teaching section and the learning

section.

application



The teaching section is already completed and
operational, its main purpose is allowing teachers to
connect through the Internet to their server to create
and manipulate projects for learners either on the
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same computer environment or export them to other
applications supporting the IMS- LD.
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[ Project management system J [
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Figure 4 The general architecture of COPROLINE

The learning section concerns all the actions of the
learners. In which we will present in this paper, it
allows learners to connect through the Internet to its
server to view their projects, perform the tasks
requested, cooperate, collaborate and discuss to
achieve their goals. [21]

Figure 4, represents the main architecture of
COPROLINE. In which we can see the
communication between the four main systems of the
application in the application server and the servers
to store data or communicate via e-mail.

In this architecture, we can distinguish two separate
parts of the proposed model, representing each of the
independent functionalities according to the type of
connection:

The teaching environment: this is an environment
for creating the educational project. It is designed to
prepare and organize the design and development of
projects in the form of tasks and sub-tasks to be
executed by the learners and at the same time to
manage the storage in project resources and files in
the dedicated servers.
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The learning environment: the two productions and
collaboration systems make it possible, on the one
hand, to offer a collaborative space in which many
communication tools are accessible (Forum, Chat,
email, etc.). On the other hand, this system is used to
produce and share what is requested by the teacher.
2.2.3The general architecture of the learning section

In this part we will detail the system allowing

learners to perform tasks assigned by their teachers,

communicate and collaborate in an environment
specifically designed for these purposes, the
collaboration system is based on three main services:

- Forum: This service allows learners to ask
questions of other learners answer and check their
colleagues' answers.

- Messaging: This is the service that allows learners
to send and receive e-mails from their teachers or
colleagues.

- Discussion: ~ This is  the  instantaneous
communication offered by the COPROLINE
system in which learners can create discussion
rooms for a group to which learners belong.

However, the production system consists of four
services:
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- Production: this is the environment used by
learners to produce and download the work in the
form of computer files to the file server, it should
be noted that the group coordinator is the element
that can download the final product of the group.

- Resources: this service allows learners to consult
the digital resources proposed by their teachers
and which are necessarily linked to the projects.

- Projects: This is the environment in which
learners can view their projects, tasks and sub-
tasks.

- Training: it is a place reserved for the training of
the learners in the realization of their tasks; this
service can be used by the teacher to carry out
certain trainings for his learners. [22]
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Figure 5 The system architecture of a learning situation in COPROLINE

Figure 5 presents the general architecture of the
proposed learning section, and the interaction of the
collaboration systems and the production systems
within the application:

Collaboration system: Depending on the learners'
needs for communication and collaboration, the
collaboration system offers several features such as
the participation or creation of forums, the triggering
of a discussion, the sending of e-mails etc. In order to
frame these functionalities, we will first model, using
UML use case diagrams, the different tasks
performed by the learners.

Production system: The learner who participates in
the production of one of the projects proposed by the
teachers is already registered on the platform by his
teacher. Once enrolled, the learner uses mainly the
production system to consult his project, his tasks and
sub-tasks that are attributed to him. The following
figure shows the use case diagram for a learner.

The learner can consult the documents and resources
proposed by his teachers and which serve to facilitate
tasks. He may also have the opportunity to participate
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in forums, to send a message to a teacher, to another
learner. The learner can chat online with the teacher /
trainer and can also edit his profile and view his
results.

It should be noted that learners in the COPROLINE
system who are part of the same working group, must
have a coordinator who is defined from the beginning
by his teacher, this type of learner is the only one
who has the right to collect the productions of the
group in the same result.

2.3The implementation of a probabilistic learning
model in COPROLINE

In this section, we will present the implementation of

the probabilistic learner model implemented in

COPROLINE.

2.3.1The initialization process of the learner model

The purpose of the learner's modeling is to give as

complete and faithful a description as possible of all

the aspects related to the behavior of this user. User

models in AHES are generally compatible with

several standards. Just choose to use their structures

and vocabularies to form attribute-value pairs for

constructing models [23].
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Figure 6 The process of initializing the learner model

The initialization of a learner model is about the
transformation of the data gathered by the system
into a well-defined model. A learner profile can also
be initialized in three different ways: explicit
questions, initial tests or stereotypes [24].

Figure 6 represents the process that we used to
initialize our learner model. We proposed the use of
explicit questions to gather the specific information
about the learner, so the system could affect him with
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the adequate stereotype. And the use of the initial
tests to gather the independent information about the
user using Bayesian networks [25].
2.3.2The construction of a learner
COPROLINE

Figure 7 represents the process that we will use to
create a learner profile in COPROLINE. The system
will begin by asking multiple questions about the
learner. Then store all these answers so we could use
them to initialize a learner model.

profile in

Askaquestion1 ————> Getresponse 1

Activate

Askaquestion2 ————— Getresponse 2 | —7 stereotpeA

Learner

Ask 3 question 3 ——————» Getresponse 3
Activate

/’ Stereotype B
Askaquestiond |, Getresponse4

Figure 7 The construction of a learner profile

2.3.2.1The initial learner profile in COPROLINE
Figure 8 presents a view of the initial learner profile
based only on the basic information provided by the
learner upon his registration in COPROLINE. The
learner is requested to enter basic information about
him, including his name, age, sex, place of birth,
academic diplomat.
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= ft 2194 Place of birth AL HOCEIMA
- Groupe:
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- cit TANGER MOROCCO

CoProLine © 3017

Figure 8 The initial learner profile in COPROLINE

All this information provided by the learner upon his
registration, gives the systems an initial learner
profile. This learner profile will keep growing upon
taking the pretest to affect the adequate stereotype to
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the learner before assigning him to the proper
learning situation.

2.3.2.2Pre-test explicit questions

Figure 9 presents a view of the explicit questions presented
to the learner to take before assigning him the adequate
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stereotype. Every learner is asked to respond to different
type of explicit question about a specific subject to test

his/her level of knowledge of the subject to assign him to
the adequate stereotype.

EXPLICIT QUESTIONS
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Lo} L
* Leves
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2 Geoupes ® o o
™ Forum
B isousson
NEXT

Figure 9 Explicit questions for the module project management

After finishing these explicit questions, a predefined
stereotype is assigned to the learner. They are four
levels of mastering a subject (novice, beginner,
advanced and expert). The learners will be divided
into the adequate level of mastering. Each tile the
scores will get higher, the level of the learner will
change. After the collection of the learner
information, the system will affect each learner with
the adequate stereotype.

2.3.3Affectation of stereotypes in COPROLINE

The stereotype is a set of important impacts of the
user. New learners will be classified according to
their initial characteristics, each classifier is
stereotyped. From the little time on information
stereotyping, he is able to deduce many more new
assumptions about the user. If the user information is
detailed, easily and concretely, it will be converted to
become more accurate. The term "hypothesis" refers
to the belief of the system concerning the user, but
this belief is not completely reliable, it is not
temporary.
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Figure 10 Stereotypes’ affectation based on explicit questions

Figure 10 presents the result of the stereotype
affectation for a learner in the project management
module. We notice that the learner is assigned with
the “Novice Learner” stereotype by 70% of accuracy,
60% accuracy for the stereotype “Beginner learner”,
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30% of accuracy for “Advanced learner” and 5% of
accuracy for the stereotype “Expert learner”.

There are three important components in a stereotype
in COPROLINE, in which the system assigns and



change the stereotype of each learner: trigger,
inference and retraction [26, 27]:

-Trigger: is used to active a stereotype. In other
word, it is a condition to affect a stereotype to
learner, based on the test that the learner took in the
learning situation. When “Don’t know project
management” is activated, the stereotype “Novice
learner” will be assigned to learner.

-Inference is inferring engine, responsible for
deducing related information about user from
stereotype. For example: if the learner is glued to
“Expert Learner” stereotype, inference engine should
take out both necessary and extra information such
as: learner master Project management, Unified
modeling language (UML), Operational research,
Charge estimation.

-Retraction conditions are used to deactivate

learner’s stereotype. There is a circumstance: learner

International Journal of Advanced Computer Research, Vol 9(45)

was assigned stereotype ‘“Novice learner” at the
beginning of course, but after learning process,
learner knew thoroughly the project management
module, so his stereotype “Novice learner” is no
longer suitable. Event like “Learner do final Project
management test very well” is condition to retract his
stereotype “Novice learner” and he will be assigned a
new appropriate stereotype — “Expert learner”.
2.3.4Learner orientation in COPROLINE

After finishing the learner situation, the learner could
access the results of their achievement for each
element of the learning situation. Starting by
presenting their grades in each learning situation and
noticing the percentage of achievement for each
element, as presented in Figure 11.

- LEARNING SITUATIONS

B
- 1l
BO%
| research

-

o 4%
- UL
2 G T LR
W Foru 5%

Load of

B oiscussion

Figure 11 Learner orientations in a learning situation

In the example presented in Figure 11, the learner
has accomplished an 80% of validation in the
element of “Operational research”, at 45% in the
“UML” element, an 81% in the element of
“Operational planning” and a 75% in the “Load
optimization” element in the project management
module.

Dependent on the results of each learner, the learning
path will be determined for him/her. A condition of
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validation for each module is set at 75%. If the
learner accomplished this condition in all the
elements of the learning situation, he will be granted
the possibility of moving forward into the next
learning situation. And if the condition is only valid
for one or more element of the learning situation,
then the system awareness will appear to guide the
learner into the validation of the missing elements.
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Figure IZWS'ystem awareness in a learning situation

Figure 12 present the system awareness page for the
element “Operational planning”, in which the learner
didn’t pass the validation percentage of 75%. The
system gives an option to the learner to choose
between remediation and support to help him/her
validate this element and then the whole learning
situation.

In the remediation section, the learner has the
possibility of retaking the learning situation element
instantly or after a while to give him/her another
chance to improve his/her knowledge and abilities of
this element. Also, an option to contact a tutor is
available for the learner in case of difficulties in this
learning situation.

And in the support section, the learner has the
possibility of joining a forum of discussion to work in
pairs to improve his knowledge and abilities of this
element. Also, an option of consultation of other
course materials is available before retaking the
learning situation all over again.

3 Discussion

The finding of this implementation clearly shows that
using this course creation application will make it
easier to track the evolution of each learner during all
his/her learning path. This tracking could be possible
only by using a probabilistic work frame as we have
stated before. COPROLINE is, for now, the only
system of production of educational projects
compatible with the IMS-LD specification based on a
probabilistic learner model. We have tried during the
development of this application, to make it as self-
dependent as possible. Starting by collecting data on
the learner, after in the implementation of the learner
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model, and finally in the update of this model during
the learning path.

COPROLINE is part of our project of managing the
learner model, that we have been working on for
many years. This prototype that we presented in this
paper has been used with an initial 100 learners from
the Ecole Normale Superieure de Tétouan, from
different specialties and levels. The results that we
have presented to validate our hypothesis of the
probabilistic management of the learner model using
Artificial Intelligence.

4 Conclusion and future work

All adaptive e-learning systems are based on a
learner model. We could not achieve an automatic
adaptation of a system without a model that contains
all the information about this user. The individual
action and need will always vary from a user to
another. That's why a dynamic or in this case a
probabilistic view is critical. We presented in this
paper, the implement of a probabilistic learner model
in the LMS-LD Course creation application
COPROLINE following the three steps of
implementation: data collection, initialization and the
update of the learner model. In order to give this
application, the possibility of freely adapting the
learning path of each learner.

The experiments presented in this paper are the
results of testing our LMS-LD Course creation
application COPROLINE for more than two years
with  different kind of learner after the
implementation of a probabilistic model of the
learner, using all the nodes as sensors to measure and
evaluate the learner's module. And follow the



progress of the learner during the learning situation.
We suggest keeping working on adding more
autonomy to this application. This version of
COPROLINE is a work in progress that we are
working on improving, especially with regard to the
appearance of large data stored in the system. We
suggest working more on the recommendation
system of the application using machine learning
extraction methods for better use of learner data.
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