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ABSTRACT 
 

In classical teaching, the teacher can supervise his learners through their writings, dialogues and their 
behaviors. He has the possibility to evaluate them from their productions during the activities and can adapt 
or modify parts of the course, if it is necessary to start new chapters. The adaptation of educational contents 
to the learner's profile in a Computing Environment for Human Learning (ILE) is one of the most complex 
problems to solve. Indeed, the different profiles of learners and their heterogeneity and their different 
learning styles, returns the development and evolution of such systems difficult. The current goal of several 
studies is to follow and understand the behavior of the learner uses an ILE during a learning session 
through its traces. 
Several virtual learning environments presented on the web, exploiting traces to provide learners with 
individualized learning space. Unfortunately, these environments do not always offer the possibility to 
adapt courses to the profile of the learner. 
In a learning situation, we cannot predict with certainty the plan of a learner or the goal that he seeks to 
accomplish more during his navigation, we cannot directly observe what a learner knows or does not know, 
but only to estimate it in a very imperfectly way through their actions and interactions with the system. 
These traces of the Action types are analyzed and exploited in order to provide indications about his 
behavior during the learning process. The objective of our work is to propose a representation model which 
traces to determine indicators Cognitive, Activity and Motivation of the learner during the learning process. 
The exploitation of these indicators will allow us to propose a hybrid adaptive strategy (automatic or 
manual) to the learner profile. 
Keywords:  Traces, Indicator, Learner, profile, CAM model. 
 
1. INTRODUCTION  
 
  The adaptation of the educational contents to the 
profile of the learner in an IT environment for the 
human learning is one of the most complex 
problems to solve. Indeed, the different profiles of 
learners and their heterogeneity and their different 
learning styles, making the development and 
evolution of such systems difficult. 
The current goal of several researches [2]-[7]-[12], 
13] is to follow and to understand the behavior of 
the learner uses an IT environment for the human 
learning during a learning session through its 
traces. 
The adaptation of educational contents to the 
learner profile is closely linked to the analysis and 
the exploitation of trace collected during the 
learning process. 

In this paper we propose a strategy of hybrid 
adaptation (automatic or manual) educational 
contents to the learner profile by exploiting trace 
according to a model we will detail later. 
The Automatic adaptation is proposed prior to the 
learner if the learner has failed to validate the tests 
and questionnaires related to chapters chosen by the 
latter while another version of the course adaptation 
is proposed according to the exploitation of 
indicators extracted during the analysis of traces. 
In this work, we are only interested in three 
indicators (the Cognitive degree, the degree of 
Activity and the degree of Motivation) which play 
an essential role in our strategy of adaptation. 
If the student still fails to validate chapter activities 
(tests, questionnaires ...) during the learning session 
despite attempts to adapt the system automatically. 
The system will then provide a detailed report to 
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the tutor or an account of the activities of the 
learner during learning sessions 
The assessment will include adequate information 
on the activity, the motivation and the cognitive of 
the learners to proceed to manual adaptations of the 
sequences of activities and/or the scenarios of 
learning to their skills.  
In this paper, we propose an overview of the CAM 
model [1]-[3] and we show our model traces. In the 
following we present the use this model in the 
hybrid model adaptation of content that we 
propose. 

 

2. TRACES OF INTERACTION 

The problem of analysis and exploitation of traces 
related to a learning process of a learner in a 
Computing Environment for Human Learning 
(CEHL) has been studied by several authors  
[2]-[7]-[12]-[13]-[15]-[18]-[26], each presents an 
exploitation method. 
Our work can be seen as a contribution to the 
development of machine learning systems in a 
CEHL. Indeed, a learner who connects to a training 
system from the web shows different interactions 
with its environment: 

• At the local post; 
• At the level of the platform. 

During a learning session, the learners act on the 
learning platform and all learning objects proposed 
OP (lectures, exercises, multiple choice, etc.) it 
contains. 
These actions generate events which are at the 
origin of traces. The traces will be analyzed, 
exploited and used to generate processes of manual 
adaptation by the tutor or the processes of 
automatic adaptation of the educational contents to 
the profile of the learners. 
In the next section, we will highlight the traces used 
in the calculation of indicators (Cognitive, Activity, 
and Motivation) but first we will briefly raise the 
limits of existing models of traces.  
 
3. LIMITATIONS OF EXISTING MODEL 

TRACS 

 
Trace model MTCAM 
 
In The development of the systems CEHL, several 
models are used: 

 The model of the learner 
 The model of contents 
 The model of traces 
 Etc. 

In this work, we are more particularly interested in 
the modeling of traces generated by the actions and 
the productions of the learner during its process of 
learning in a CEHL. 
We find in the literature several models [4, 15, 25]: 

 Jermann model 
 TREFLE Model  
 MUSETTE model  
 TRAILS model 
 CSE model 
 MTSA model 
 UTL model 

Every model presents its exploitation method of 
tracks and possesses its own characteristics. 
The model of Jermann [34] considers the trace as a 
sequence of observations which occur during 
intervals of time during a session of learning. 
The TREFLE model [34] represents a trace raw 
format of a graph, whose nodes are ordered lists 
that build episodes. In this model the treatment of 
traces is made using the graph theory. 
The model MUSETTE [32] defines a trace as a 
sequence of states and transition (entities and 
events). This model recovers from navigation traces 
of a learner in a CEHL. 
The model TRAILS [29] is based on the principle 
of the use of educational objects (EO) and the 
navigation between these EO interconnected by 
temporal and conceptual links. 
The model CSE (Collection-Structuring-Operation) 
[20]-[23] is based on the model of Jermann. In this 
model, the raw trace is merged from multiple 
sources tracking. 
The MSTA model [18] includes the information 
stemming from log files to build traces relating to 
the actions and productions of the learners, in order 
to calculate indicators of activity, social and 
cognitive. This model transforms the raw trace of 
educational indicators for the monitoring of online 
learning. 
The UTL model (use tacking Language) [15] 
considers a trace as a set of elements consisting of 
one ("key") and one ("value"). 
 
4. TRACE MODEL MTCAM 

 Most part of the models of traces that we cited in 
this work, are related to the learning systems and 
have specific needs. 
These models do not take into account the related 
traces to the cognitive, motivational aspect of the 
learner. To take into account, this aspect of 
learning, useful in the process of automatic or 
manual adaptation. 
In fact, each learning system is subject to specific 
standards, which must take into account the 
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standards established in other systems, to allow the 
interoperability. 
To answer this problem, we propose a model of 
trace-based indicators called MTCAM. Our 
approach is based on the following principle: 

1) Recovery of raw traces whatever 
their format (existing format, log 
files and other sources tracing). 

2) Filtering and processing of these 
raw traces to build a trace 
containing a set of information 
necessary for our model. 

3) Calculation of the high-level 
indicators in occurrence 
indicators CAM. 

4) Construction of MTCAM model 
in a format UTL (key, value). 

The model MTCAM allows us to extract lines of 
traces which we can represent with a language of 
modelling of data as XML, UTL, etc. these traces 
will be presented with keys and values. T = {O1, 

O2, …, On} 

Where, every observed Oi is characterized by a 

pair < Key, value >. 
The structuring raw traces is made according to a 
fusion of a model of the learner in accordance with 
the standard PAPI or IMS LIP and indicators CAM. 
This merger will allow us to create a model of 
traces rich in information and statistics that can be 
used as input to another application of learning and 
decision support. It can also help the 
designer/guardian to make some supervision and 
the adaptation of the contents to learner profiles. 
The main goal of this representation of traces is 
summarized in four basic issues: 

 General: Any trace can integrate 
raw extracted from multiple 
sources but also all traces derived 
(Indicators). 

 Interoperable: the trace can be 
integrated and processed by all 
the learning systems using a 
model of learning in accordance 
with the standard PAPI and IMS 
LIP. 

 Reusable: the model possesses an 
opening allowing to add and to 
complete extensions 
corresponding to the standard 
IMS LIP in different contexts. 

 Adaptable: she can be 
personalized and rebuilt 
according to the specific needs 

for the persons and for the 
systems of learning 

This model can collect in the same instance tracing, 
Cognitive level, the level of activity and the degree 
of motivation of the learner during the learning 
process. 
The calculation of indicators (Cognitive, Activity 
and Motivation) [1]-[3], allow one hand to perform 
an automatic adaptation to learner profile. 
If the automatic adaptation fails then the tutor 
receives a report of actual activity learners to decide 
if possibly an adaptation manual courses or learning 
scenarios are necessary. 
In the next section, we give a brief overview of the 
model indicators and then we propose our model 
traces MTCAM. 
We find the notion of indicator in several works 
[16]-[17]-[19]-[24]-[37]. Most part of these works 
present indicators as variables which give 
information on: 

• The mode, the process or the quality of the 
cognitive system of an activity of learning, 

• The characteristics and the quality of the 
product of the interaction, 

• The mode, the process or the quality of the 
collaboration when we are in a social 
context. 

The model we will propose contains three types of 
indicators: Cognitive Indicators, Activity Indicators 
and Motivation Indicators. 
Every indicator plays a role in the process of 
adaptation of a given course, for every learner 
having a given profile. 
 
4.1 Cognitive Indicator 

The cognitive functions include [39] all the 
elaborate intellectual functions which make man a 
living, cultural and social, able to interact with his 
immediate environment. We distinguish five main 
clauses from it: 
There are five main areas: the memory, the 
language, the logical reasoning, the attention, the 
Visuospatial abilities: 
• The memory (The memory intervenes in all the 

domains of the everyday life, as the storage and 
the recovery of information, The memory also 
groups functions much more automated as the 
storage of knowledge relative to very particular 
know-how (know how to cycle, drive an 
automobile or a building machine) 

• The language (The language is implied in all 
the mechanisms of learning and 
communication or professional relations (or 
not). 
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• The logical reasoning (The logical reasoning is 
implied at every level by the everyday life, 
Since the extrapolation of simple rules  (the 
respect for the stages to the realization of a 
recipe) until the management of more complex 
relations, as the estimation of the consequences 
of the made of a decision.) 

• The attention (The Attention is a cognitive 
mechanism that role may be similar to the 
concentration at which an individual is able to 
process the relevant information available to it) 

• The Visuospatial abilities (The Visuospatial 
abilities are cognitive abilities that promote 
information processing and visual object 
recognition. They are, therefore, involved in all 
actions involving the view.  The Visuospatial 
abilities also include mental imaging 
capabilities that allow an individual to mentally 
represent a situation to provide a more 
appropriate response.) 

These major cognitive functions [39] allow the 
human brain to encode, store and reuse the 
knowledge and know-how that the individual 
acquires throughout his life. 
These big cognitive functions [39] allow the human 
brain to encode, to store and to reuse knowledge 
and know-how which the individual acquires 
throughout his life. 
The cognitive indicator that we propose in the field 
of adaptive learning does not take into account all 
the cognitive functions above. 
We think that the degree of memory and the degree 
of the logical reasoning are necessary in any 
process of learning. 
Therefore the cognitive indicator that we propose in 
this work represents only two degrees mentioned 
above, to measure the degree of participation of the 
learner in the learning process by producing 
answers or solutions to some exercises to questions 
or multiple choice questions (MCQ). 
The cognitive indicator that we propose in our 
current work is described by a set of two discrete 
random variables {D1, D2}. 
The variable D1 represents the degree of 
memorization of the learner, This variable is 
updated during the evaluation of the learner in the 
exercises, the tests and MCQ which asks for the 
intervention of the memory. The domain of 
definition that we used for this variable is: [1 7], if 
D1=1 then the learner presents a low memory. 
The variable D2 measures the degree of the logical 
reasoning which possesses a learner. This variable 
is updated in the tests and the exercises proposed to 
the learner. 
 

4.2. Activity Indicator 

The Activity indicator measures the degree of 
manipulation of learning objects by learners during 
the learning process. Indeed, the learner can access 
some of its technical components that can be 
buttons, scroll bars, menu, etc. All traces generated 
are called "Learning Object Manipulation." They 
can be accessed, a mouse click, production, etc. 
When the manipulation is to produce an answer, we 
say that it is a manipulation productive, opposed to 
handling non-productive (e.g. manipulation of a 
scroll bar). Any productive manipulation is 
considered an educational activity must be taken 
into account. An activity indicator is described by a 
set of three discrete random variables {A1, A2, A3, 
A4}. The variable A1 represents the objective of 
learning described by the taxonomy of Bloom [39], 
it takes values altogether {1, 6}: 
This variable indicates that a learning activity aims 
one of the six at levels of objectives of learning:  

1. The knowledge, 
2. The understanding, 
3. The application,  
4. The analysis, 
5. The synthesis, 
6. The evaluation. 

The variable A2 indicates the type of the activity. It 
can take three values:  

1. Expositive, 
2. Active 
3. Interrogative. 

The variable A3 indicates the nature of the 
knowledge to be acquired in the activity. It can take 
five values: 

1.   Concept, 
2.   Made, 
3.   Process, 
4.   Principle, 
5.   Proceeded. 
 

The variable A4 measure the rate of activity during 
the learning session. It calculates the number of 
productive manipulation in an activity module, 
relative to the total production in a time interval. 
Then we can represent the activity indicator IA by: 
IA = {A1, A2, A3, A4} with Ai can take one of the 
values listed above and it is automatically set when 
the learner makes his choice 
For example if IA = {1, 1, 1, 50} then the learner 
makes 50 % of productive manipulation to 
assimilate a concept in the form of a presentation 
the level of knowledge of which is elementary. 
If IA = {6, 3, 1, 80} then the learner made 80 % of 
manipulations productive to autovaluer in passing a 
questionnaire associated with a concept. 
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4.3. Motivation Indicator 

In most part the learning systems online. The 
learner finds himself isolated, alone in front of his 
computer screen, and has for partner his only 
motivation. The problem of motivation of learners 
in the process of distance learning is treated in 
several works [16]-[17]-[19]-[24], because it is one 
of the causes of abandonment in E-Learning. 
The indicator of motivation in this work measures 
the quantity of resources allocated (QCM, exercise, 
navigation in the virtual library, ...) to assimilate a 
concept. The duration of the learner performed in 
learning. Number of vists pages treating the 
concept. A learner little motivated for the learning, 
will visit few pages (nbPagesVisitées = 0) or will 
pass furtively on the contents (tMoyenPage = 0). 
This would give a low effort So this measure would 
allow us to identify the learners who were not 
serious during the learning session. 
We can define the motivation indicator in the 
learning session as following: 
 

𝑀𝑜 = � Wk(i)  ∗ 𝑓(𝑖) ∗
𝑑(𝑖)
𝐷𝑖∈{1..𝑛}

 

 
Wk(i) :Weight of page Pj with j∈ {0, 0.25,0.75} and 
bloom level  
f: frequency of consultation (Number of times 
visited/ Total number of pages visited) 
D: Session duration time in minutes 
d:Duration page time in minutes 
where: 

d(i) = �

too long                             30 ≤ d(i)
 long                       5 ≤ d(i) ≤ 30
normal             0.5 ≤ d(i) ≤ 5 

brief                                   d(i)  ≤ 0.5

 

f(i) = � high              𝑁𝑡𝑣 > 5
normal           𝑁𝑡𝑣 ≤ 5 

 
In our case an indicator of motivation can take a 
value among this valuable set {amotivated, little 
motivated, Averagely motivated, very motivated} 
Based on the concept of fuzzy logic[36], the fuzzy 
approach provides more intuitive modeling a 
classical approach, in order to relate observed 
variables (duration and frequency) and output 
variables (motivation indicator), our dynamic 
model theory will to know about the level of learner 
motivation, we define the shape of the membership 
function as triangular. 
The fuzzification is transforming the digital 
quantities in a fuzzy set with the linguistic variables 
that follow:  
-  (duration, [0.5,30],{ brief, normal, long, toolong ) 
-  (frequency, [1,10], {normal, élevé}), 
-  (motivation indicator, [0,20], {amotivated, little 
motivated, Averagely motivated, very motivated}) 
Basic rules: 
We design a fuzzy controller using Mamdani 
inference method [35] based on: 

           𝜇′𝑐𝑜𝑛𝑐𝑙𝑢𝑠𝑖𝑜𝑛(𝑦)
= 𝑀𝐼𝑁𝑦(𝜇𝑝𝑟é𝑚𝑖𝑠𝑒(𝑥), 𝜇𝑐𝑜𝑛𝑐𝑙𝑢𝑠𝑖𝑜𝑛(𝑦)) 
2) if frequency = value and duration = value and  
weight=value then motivation = value. 
The defuzzification concept is that the inference 
system provides a membership function resulting μ 
(y) for the output variable y, it is therefore a fuzzy 
information. The objective of defuzzification is to 
transform a fuzzy set in a control value. The COG 
(center of gravity) defuzzification takes into 
account the influence of all the values proposed by 
the fuzzy solution. 
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Figure 1: Extraction Process and Transformation traces 

 
 
The modeling traces of the learners allows tutors to 
understand, to estimate and to support their 
learning. To this end, we propose a query language 
tutor to exploit profiles and monitoring of learners 
in their learning in order to have an overall idea 
about the assimilation of a concept using empirical 
statistical. 
The exploitation of traces by the tutor, not only 
allows to infer new knowledge in the course, which 
introduces concepts poorly assimilated by a large 
number of students, but it can, also, provide 
information reflecting the evolution interactions 
between learners themselves. Thus, it is necessary 
to help users (tutors, students, ...), in collecting, 
structuring and interpreting traces collected 
especially when heterogeneous non-standardized. 
The traces that we use in this paper are three 
categories (traces of category statistics, traces of 
category learning, traces of analytical category). 
The traces category statistics represent data 
concerning: 
 

 
Figure 2: Operating steps traces 

 
 The duration of the training session, 
 The duration of assimilation of a concept, 
 The number of pages viewed, 
 The number of sites visited 
 The number of sites visited unconnected 

with learning 
 The score of the learner in the qcm 

cognitive (logical reasoning, memory 
level) 

 The number of learning session, 
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 Etc... 
The trace category learning represent data that can 
update the random variables A1..A4, related 
activity indicators and data used to calculate the 
degree of learner motivation. The traces of analytic 
categories represent the cumulative learning 
scenarios provided by the tutor to assess their 
degree of assimilation. These are data on the quality 
of learning scenarios provided. 
 
5. CONCLUSION 

The field of interaction analysis activities of 
distance learning is a new direction of research, 
particularly that of learning scenarios. The 
objective of this work is to make the system more 
adaptive and personalized learning for its use, and 
provide an interface for enhanced playback and 
support for participants and observers cognitive 
learning systems, by viewing and exploitation of 
relevant information. 
Our work joins in this approach of constitution of 
indicators for the help the adaptation and the 
personalization of the learnings. It is what we tried 
to present through this article. However, noting that 
the calculated indicators can be visualized tutor for 
control and personalization of content. 
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