
  
Abstract— Adaptation is a way to facilitate learning to the 

learner and acquire more knowledge during the learning path In our 
system we adapt content of course. In this article we present briefly 
ACAEL system, and we explain how we obtain the global score of 
learner profile. The adopted method for this goal is fuzzy logic. That 
Value or global score represent the important input to Ant colony 
algorithm. The algorithm is used to achieve content adaptation with 
unit’s sequences.   
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I. INTRODUCTION 

OURSE content based on objectives and learner 
preference is required for better quality of learning and 

personalized content. Content adaptation objectives facilitate 
the assimilation of all basics content and finally validate the 
course easily.  In our system ACAEL, we divide the course in 
indivisible units. Units of course are linked to each other. To 
understand any unit, the learner must first understand 
prerequisite concepts in previous units. We deduce that unit is 
assimilated or not, when based on acquired knowledge, we 
make an evaluation or test unit corresponding to current unit. 

A learner is characterized by a level of competency and 
knowledge. We consider four criteria to decide in which level 
he is. We use fuzzy logic to deduce one significant global 
score that represents the level. In this article we explain the 
method to calculate this global score that characterizes each 
learner. This global score is an important data to develop Ant 
colony Algorithm. 

In the second section we present the context of fuzzy logic 
application in ACAEL system; in the third section, we define 
and review fuzzy logic, and some works in the literature. In the 
fourth section, we apply of fuzzy logic to our system to obtain 
global score, in section five, we analyze the results. Finally in 
section six, we present some perspectives in the conclusion 
and open works. 

II. ACAEL SYSTEM 

The system is  destined to users in different sectors, 
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education, IT, services, consulting…For the education sector, 
the learner may be in higher studies or high school, or business 
if  there is a need for employee training internally or for 
clients.  

Our first work consists of establishing functional and 
practical bases of e-learning adaptive system. The system 
meets the need of course content adaptation. We choose Java 
course as an example to apply the adaptation. This course may 
be proposed to a learner in higher education. A learner is 
characterized by a specific knowledge level, any course in 
Java proposed to any leaner is not adequate to his profile may 
be difficult to understand or too simple for him. If we divide 
the course to indivisible units, we can control notions and 
knowledge to order them. To define learner profile we keep 
four criteria: we have two types of scores, one we obtain at the 
beginning before starting the course at global test stage and the 
second score obtained after studying any unit at unit test stage, 
the number of attempts to send any test, consultation time of 
unit, and the evaluation time. More details of ACAEL system 
are in [1]. 

The system is composed of three parts: 
The first part concern learner profile definition, the learner 

takes a global test, and the information that we need to 
calculate his level is extracted. We will not concentrate on a 
specific range and specific category or group of learners 
(beginner, familiar with course or medium level, expert) we 
will extend the possibility to improve the level of the beginner 
by applying Fuzzy logic to all levels of learning [1]. Once the 
learner starts the first unit, at the end of the consultation we 
extract the input of fuzzy system, mean score, number of 
attempts, consultation time, and evaluation time. 

The second part concerns the content adaptation. This 
adaptation is the unit’s course sequences adapted to each 
learner’s profile. As an input to the content adaptation system, 
the global score is obtained thanks to fuzzy logic. This 
adaptation system is based on ant colony algorithm [1]. 

The third part is a continuous assessment of the mechanism 
and statistics, and LimeSurvey tool is administered into 
ACAEL system. The use of this tool is available for learners 
and trainers. The goal is to maintain a permanent verification 
and continuous improvement of ACAEL mechanism. 

III. FUZZY LOGIC 

In 90s, fuzzy logic became a fashion. Several scientists in 
different fields apply this logic. It’s a theory based on instinct 
that is applied to subjective and uncertain treatment [2]. 
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A. Fuzzy logic definition 

Fuzzy logic system is composed of three elements: 
Fuzzification : it is moving to a binary membership, fuzzy 

means moving from precise information to a degree of  
membership, and being able to obtain language variable. 

Inference engine: at this stage we list all inference rules. 
Those rules generate an output control. Rules are conditions 
started by “if” condition “than”…We use in condition 
operators as ET and Or and Not. For each operator the 
inference function is calculated with « Min » and « Max ». The 
value “ɤ ” is between 0 and 1. Or is used for the maximum and 
AND for the minimum. 

For example for AND operator (1). 

(1) a Et b = ɤ.m in (a,b)+(1 -ɤ).  

 
    Defuzzification is when you merge the orders of inference 
engine and giving a unique output value. The defuzzification is 
applied in two steps: 

-If we have several inference rules that generate multiple 
values having the same language variable, then we chose an 
operator to combine variable values. 

-We can have three language variables; each one has a 
membership function. We have to find the best quantitative 
value according to membership functions of language 
variables.  

There are several methods to “defuzzify”: there is average 
maxima method and center of gravity method.  

B. Literature 

There is a method that allows recognizing learner profile 
based on fuzzy cognitive map method [3]. The reason for 
adopting this method is the uncertainly description of learner 
profile comparing to other methods. Profile classifications are 
considered as fuzzy sets. There are present as peaks in fuzzy 
cognitive map. To identify learner preferences, there is a 
questionnaire offer to them. For sentences, learners classify in 
a range and give a score in degree for the quality of sentences 
proposed depending on their needs and levels. 

Fuzzy logic looks like human decisions from certain 
information or approximate. There is a collaborative 
technology that is in conjunction with e-learning adaptive 
system that uses fuzzy logic [4]. In that system the trainer takes 
into consideration some data (age, stress…) and proposes a 
short preliminary course followed by a test. The system 
reminds test score and other learner inputs in learner profile. 
The trainer selects the modality for the first module using 
fuzzy logic. At the end of each module, there is a test in 
meeting. Score and modalities used are modified in the profile 
and these processes.  

Fuzzy logic implementation needs first important learner 
information as age, gender, preferred color, health situation, 
stress level, alert hour, time of the day, time of the year, the 
achievement. Secondly, the short preliminary courses are 
presented in all modalities or mixed modalities. Thirdly, there 

is evaluation of learner performance. Fourth, the score is used 
to change initial profile. An initial weight is assigned at each 
factor (age, gender…). It uses fuzzy logic to change those 
weights that contribute to the decision and chose the suitable 
modality [4]. 

  The objective is to develop learner model based on fuzzy 
logic and to obtain the precise specification and facilitate the 
conception at a high abstract level. Fuzzy logic is used to 
model a learner and compare it after with « Additive Factor 
Model Algorithm » implemented in « DataShop » [5]. Two 
inferences in fuzzy system are developed to predict error 
degree that a learner a make in the next attempt [5]. 

A tool is proposed to recognize learner style; he applies tree 
layers of fuzzy cognitive map. It allows trainers psychologist 
to modify system parameters and adjust the accuracy of 
recognition of learning style [6]. 

IV. FUZZY LOGIC APPLICATION TO ACAEL SYSTEM 

There are four criteria to identify learner profile: test score, 
number of attempts, consultation time, and evaluation. 

The objective is to decide if the learner is a beginner, 
familiar with the course or expert. 

For test score criteria, the score may be lower, medium or 
higher. 

The number of attempts, evaluation and consultation time 
criteria may be lower, medium or higher. 

We first design inference function for each criterion; we use 
Matlab editor that helps us to make easily all calculation 
needs.  

Matlab contains a set of functions that resolve several 
problems. The fields covered are varied as signal processing, 
neural networks, fuzzy logic, computing structure, statistics… 

“The Fuzzy Logic Toolbox is a collection of functions built 
on the MATLAB numeric computing environment. It provides 
tools for you to create and edit fuzzy inference systems within 
the framework of MATLAB”[7]. 

 Functions of criteria are representing below: 
• The score criterion function is presented in (fig. 1).  

Ideally more the learner has a score close to 100% more it 
is good and he is considered as an expert, and our 
objective is to improve learner skills in Java course at 
least upper then 40%. So for lower value the score is 
lower if it belongs to [0 40] the medium value is from 
40% to 60% for higher score, it belongs to [60 100]. 
 For example, if a learner obtains 45 as score in score 
inference function, this value  belongs to sub-sets of 
average distance with 0.15 level of truth, and to sub-sets 
of lower distance with 0.8 level and belongs to higher 
distances with 0 level. 
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Fig. 1 Inference function for score criterion 
 

•   Y is a value from B set. The number of attempts function 
is represented in Matlab (fig. 3). Ideally the best value is 
to success in any type of test at the first attempt, but we 
consider and we give chance to learner to make another 
attempts until 10 attempts, so for the lower value is in 
value1, for the medium value it is from 2 attempts to 5 
attempts and the higher value is in the last range. 

•     Z is a value from C set. Consultation time is represented 
in (fig. 4), ideally the value is defined by trainer is 30 
minutes to learn each unit of course, then in our design, 
the range chosen for lower value Is from 0 to 20 and 
medium value is from 30 to 60 minutes, for the higher 
value it is from 60 to 90 minutes. 

•     T is an element which belongs to D set; the language 
variable of evaluation time is designed as input in fuzzy 
system (fig.5). Evaluation time is ideally 40 minutes. D set 
is in range [0 90], for lower value it is from 0 to 20 
minutes the medium value is from 30 to 60 minutes. 

Inputs for fuzzy system are score-lower, medium, higher, 
the number of attempts (lower, medium, higher), consultation 
and evaluation time (lower, medium, higher) 
Outputs are to decide if the learner is a beginner or familiar 
with the course or an expert. What we obtain at the end of 
fuzzy logic process is numerical value that belongs to a range 
for beginners or familiars with Java course or experts. 

Fuzzy operators allow standing out conditions that give 
values for each fuzzy rule. Rules selected are (fig. 7): 

•    If the score is higher, the number of attempts is lower 
and the consultation and evaluation time is medium, 
than learner is an expert. 

•    If the score is lower and the number of attempts is 
higher and consultation and evaluation time is higher 
than learner is a beginner 

•    If the score is medium and the number of attempts is 
medium and the consultation and evaluation time is 
medium, than the learner is medium or familiar with the 
course. 

•    If the score is higher and the number of attempts is 
medium and the consultation and evaluation time is 
higher, than the learner is familiar with the course. 

•    If the score is medium and the number of attempts is 
lower and the consultation and evaluation time is lower 
than the learner is familiar with the course. 

•    If the score is lower and the number of attempts is 
lower and the consultation and evaluation time is 
medium, than the learner is a beginner. 

• If the score is medium and the number of attempts is 
lower and the consultation and evaluation time is 
higher, than the learner is an expert. 

• If the score is medium and the number of attempts is 
higher and the consultation and evaluation time is 
higher, than the learner is familiar with the course. 

In the defuzzification, we apply the gravity center method to 
make a decision. For the operator AND we use Min method. 

V.  RESULT 

The output function of learner profile is defined in (fig. 8) 
and it defines in range [0 1]. The learner is beginner in range 
[0 0.4], he is familiar with the course or medium if the global 
score is in range [0.41 0.6]; the learner is an expert if the 
global score is in range of [0.61 1]. 
For score 50% , the number of attempts 5, the consultation 
time 45 minutes, the evaluation time 50 minutes then the 
global score is 0.53, this value belongs to range [0.41 0.6] 
which means that the learner having this global score is 
familiar with the course (fig. 9). 
If we simulate another variable; for example a learner have 
70% in his test score and made only one attempt and takes 40 
minutes in test and 40 minutes in unit consultation than learner 
has 0.80 as global score, so he is considered as an expert. 
All global scores are represented in surface view (fig. 10). 

VI. DISCUSSION 

We took Java course as an example to implement ACAEL 
system. We may need to define another course in future, but 
this ideal value as consultation time and evaluation is not for 
sure good then our output area will not be correct. Except if 
we adapt this information which is 30 minutes to consult any 
unit for any course.  

The same comment for evaluation time, even for Java 
course, the test may be long for global test but it is short for 
mini test. The learner can’t take 40 minutes to take a mini test. 
The proposition is to expand evaluation time to contain two 
ideals values one for mini test and another for global test. 

VII. CONCLUSION 

Results are significant and logic; we define first our 
objective which is global score, using fuzzy logic, we obtain 
this value. If we add more rules, the precision will be better, 
and it depends on evaluator decision that design condition 
rules started by “if” an “operator” and finally take a decision. 
MATLAB facilitates the calculation, and fuzzy logic is a good 
method that answers our need by numeric values. We gave the 
chance to all learners to improve with the system and validate 
the course. 

Next in our ACAEL system, we need to apply ant colony 
algorithm to decide which unit we will show to the learner that 
answers his need and corresponds to his profile. 
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Fig. 2 Fuzzy system parameters 

 

 
Fig. 3 The number of attempt function  

 

 
Fig. 4 Score criterion function  

 

 
Fig. 5 Consultation time criterion function  

 

 
Fig. 6 Evaluation time criterion function 

 

 
Fig. 7 Rules definition 

 

 
Fig. 8 the output after calculation 

 

 
Fig. 9 view of rules importance and result 

  

 
 

Fig. 10 Surface viewer 
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