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Summary 
The technology evolution had a positive effect on the manner of 
the mobile learning development that represents a recent research 
field, and especially at the level of adequacy and personalization 
of the contents to meet the users’ needs. The mobile learning has 
been used in various fields to benefit from its advantages for 
mobile users looking for a fast and easy access to the information. 
In this paper, we will present the definition of mobile learning by 
focusing on the context-awareness notion. Afterward, we will 
study the integration of this technology in various areas of 
business, transport, and education, as well as its benefits. Finally, 
we will specify the research field chosen while presenting an 
introduction of our contribution in this field. 
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1. Introduction 

Nowadays, the use of the mobile devices has become 
popular in all  modern societies, and today  most people can 
afford  its costs [1]. In addition, the people’s mobility 
became a central challenge of these societies organization. 
The report at time and space deeply changed with the 
evolution of transport and telecommunication technical 
systems [2]. This situation leads us to talk about the 
possibility of using mobile technology benefits to ensure a 
free, informal and contextual learning, and those are 
exactly the mobile learning keywords. 
     Over the last decade, we have become familiar with the 
term E-learning and now M-learning (Mobile learning) is 
taking its place in the learning world [3]. The M-learning 
is a subset of E-learning which is the macro concept that 
includes online and mobile learning environments. It offers 
greater mobility, flexibility, and convenience more than 
electronic learning (E-learning). 

M-learning is a new research field, with the first research 
projects appearing in the second half of the years 1990 and 
the first international conferences on research less than a 
decade ago [4]. This concept has been defined differently 
according to the scientific communities, and since its birth, 
this term has never ceased to evolve [5]. 

According to Sharples [6] the M-learning definition has 
evolved in three axes: The learning tools, the learning out 
of the walls and the learners’ mobility. 

(i) First axis: The first definitions of M-learning 
seem centered essentially on the new mobile 

electronic technologies [7]. In this axis, M-
learning is considered as a logical continuation of 
E-learning on mobile technologies [5]. Quinn 
declares that « Mobile learning is E-learning 
through mobile computational device» [8]. This 
definition is considered exact but useless because 
Quinn tries only to place the mobile learning 
somewhere on the spectrum of E-learning 
portability [9].  

(ii) Second axis: The definitions concentrate on the 
potentialities in term of learning outside of the 
classic physical space bounded by the training 
room walls (a study trip, a school outing such as 
the museum visit, etc.) [10]. In this sense, 
O'Malley proposes his definition: « Mobile 
learning takes place when the learner is not at a 
fixed, predetermined location, or when the learner 
takes advantage of the learning opportunities 
offered by mobile technologies » [11]. 

(iii) Third axis: In this axis, the projects aren’t 
focused anymore neither on the tools used by the 
learners nor on the activities  [5]. At this level, the 
mobile learning begins to take into account the 
learner’s context. 

The purpose of this paper is to define the relation 
between the mobile learning and the context-awareness 
concept, as well as making a study of the works which have 
already responded to this issue in various fields (education, 
business, and transport). 

Therefore, in this article, we will begin with a 
presentation of the context-awareness concept in relation to 
mobile learning. Then we will describe the works already 
done in this area and in various fields. Finally, we will 
introduce our contribution in the chosen field. 

2. Context and Mobile Learning 

As mobility is related to the mobile learning, the mobile 
devices, the capacity, the connectivity, the user and the 
environment can all change over the time and the place [12]. 
This fact, the mobile learning must dynamically adapt to 
the various contexts, which means it must have a context-
awareness mechanism in order to ensure a contextual 
learning.  
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2.1 Context definition 

The context notion has experienced different definitions in 
the literature, each one defines it according to its needs and 
its point of view.  

Abowd gives a general context definition and describes 
it as « Any information that can be used to characterize the 
situation of an entity» [13]. As Dey, in his definition, 
specifies the types of entities considered: «Context is any 
information that can be used to characterize the situation of 
an entity. An entity is a person, place, or object that is 
considered relevant to the interaction between a user and 
an application, including the user and application 
themselves» [14]. Chaari considers that this definition is 
incomplete since it does not specify what composes the 
context. So, He proposed a new definition: «The context is 
the whole of the external parameters to the application 
which can influence its behavior by defining new sights on 
its data and its features. These parameters have a dynamic 
aspect which enables them to evolve during the execution 
time » [15]. Syvanen develops this context property by 
declaring  « Context is continually constructed through 
negotiation between communicating partners (including 
humans and interactive technology) and the interplay of 
activities and artifacts » [16]. 

In short, we can say that the context concept does not 
have a precise definition, it changes according to our needs 
and uses. 

2.2 Context-awareness definition 

The context-awareness concept was first of all introduced 
into the IHM field (Interactions Homme-Machine) by 
Weiser in 1991 to reconcile the virtual and the physical 
world [17]. He said that the most successful technologies 
are those associated with the everyday life.  

The first definition of context-awareness has been 
proposed by Schilit [18] as the ability of a system to adapt 
to the execution context depending on its location, of all the 
people nearby, accessible equipment, etc. As, Hull, et al. 
[19] define the context-awareness as the ability of devices 
to detect, feel, interpret, and respond to the user and device 
environment aspects. Ryan, et al. [20] define the context-
aware applications as applications that monitor the entries 
of environmental sensors and allow users to select the 
contexts according to their interests and activities. Brown 
[21] defines them as the applications that automatically 
provide information or propose actions according to the 
users’ contexts detected by sensors. The actions can present 
information to the user to run a program or configure the 
graphical interaction according to the context. Dey [14] 
defines the context-awareness in a more general way: « A 
system is context-aware if it uses context to provide 
relevant information and/or services to the user, where 
relevancy depends on the user’s task ». Byun, et al. [22] 

give a definition which is more generally accepted: « A 
system is contextual if it can extract, interpret, and use 
contextual information and adapt the features to the context 
of the current use ». These definitions are all about the 
ability of a device to adapt its behavior based on the user 
context.  

2.3 Context dimensions 

Given the heterogeneity, the diversity and the variable 
quality of this information, it is preferable to make a 
categorization to facilitate the adaptation operation. 

Schilit, et al. [23] propose to categorize the context in 
two dimensions: The primary context which contains 
information on the location, the identity, the time and the 
user activity, and the secondary context which contains 
information that can be deducted from the primary context 
(for example, from a location we can deduce the people 
nearby). Chen and  Kotz [24] propose the active context 
that influences the behavior of an application, and the 
passive context which is necessary but not critical for the 
application. Petrelli, et al [25] are based on the work of 
Schilit and Chen, and introduce two new context 
dimensions: The hardware context (device, existing 
platform, etc.), and the social context (being alone or not, 
who are the others, relations between these individuals, 
etc.). 

In the learning field, time, identity, activity, and 
location are primary and necessary categorizations of 
context to explain a situation. In the work of Derntl and 
Hummel [26], the context is composed of five dimensions: 
The physical dimension, the digital dimension (digital 
resources), the device dimension (Software, hardware, 
network, portable devices), the learner dimension, and the 
specific context of the application field. 

Pham [27] summarizes the previous proposals 
categorization  and proposes the following dimensions:  

 
(i) Spatial dimension: According to Soylu [28] this 

dimension defines the localization. This 
dimension describes the object location in the 
context. It is classified into two categories: 
Physical and virtual (i.e. the IP address is 
considered as a location in a network). For the 
physical category, the most simple form refers to 
the absolute position (geographical coordinates), 
or instead (at home, at school, train, in a radius, in 
a store, remote, face-to-face, etc.) [27]. 

(ii) Temporal dimension: The temporal dimension is 
frequently used in most of the pervasive systems 
to characterize the time management [29]. The 
most common forms to describe the temporal 
dimension are the time (the time zone, the current 
time of learning, etc.), the date (date of an activity, 
day of the week, months of the year, etc.), the 
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period (the beginning and the end of an activity, 
etc.), the duration of an activity or the duration of 
a resource (15 minutes, 1 hour, etc.), and temporal 
relations (after, before, during, etc.) [5]. 

(iii) User dimension: It is necessary to identify the 
system users before the beginning of the 
information collect to construct the different 
profiles [30]. A profile management plays an 
important role in a learning system to adapt 
resources to each specific user. A user profile is a 
collection of data that characterize a user in a 
system. These data are collected by the system and 
classified primarily into two sets: A set of static 
data which includes general information about the 
user, such as name, surname, birth date, mother 
tongue, etc., and a set of dynamic data that varies 
with different application areas, such as goals, 
preferences, knowledge, skills, interests, etc. [5]. 

(iv) Device dimension: This dimension is used to 
measure the device characteristics. To adapt 
learning content to the mobile technology used by 
the learner it is necessary to know the properties 
characterizing this technology.  

(v) Environmental dimension: In some systems, it is 
necessary to measure the environment 
characteristics around the user to trigger an alarm 
or to regulate the system operation.  

(vi) Scenario dimension: As noted by Godinet and 
Moiraud, a scenario is “A formal representation of 
the organization and conduct of a learning 
situation in which the use of mobile functionality 
of digital technologies makes teaching and 
learning take place inside and outside the 
classroom walls” [32]. The activity is a key 
component, it determines the user's intention, 
information, knowledge, objects in the 
environment, etc., which are the necessary 
elements for its accomplishment [33]. 

2.4 Context modeling 

A context model is a representation of the context 
information in the system. Strang and Baldauf [34][35] 
analyzed and identified a broad range of approaches for 
describing context information. According to different data 
structures of context information represented and 
exchanged, the approaches can be classified into six main 
types [36] :  

(i) Key-value model: One of the first work on 
context modeling is published by Schilit [37]. The 
context information is modeled by an attribute/ 
value pair. The attribute represents the contextual 
information name and the value represents the 
current value of this information [38]. The 

advantage of this method is the ease of 
implementation.  

(ii) Markup scheme model: Here, the context is 
modeled by a hierarchical data structure made up 
of tags with attributes and content. Derived 
languages SGML (Standard Generic Markup 
Language) and in particular the XML (eXtended 
Markup Language) are used for this modeling. 
The advantage of the markup language is that it 
allows the formatting and exchange of models 
between different platforms easily [5]. 

(iii) Graphic model: This method aims to model the 
contextual information in a conceptual graph. 
The most widely used model is the graphical 
UML (Unified Modeling Language). UML class 
diagrams are used to model statically the 
concepts that form the context as a 
class/association. 

(iv) Object-oriented model: This model type takes 
advantage of the object-oriented method, such 
as encapsulation, reuse, and inheritance [36]. 
This approach allows representing the context 
elements of the classes level and objects that are 
encapsulated by specific interfaces. In this 
model, the context information is captured in the 
objects states. 

(v) Logic-based model: This model method is 
proposed by McCarthy [39]. It is based on 
logical clauses. This category models the 
context with predicates, rules, logical operators, 
and facts. 

(vi) Ontology-based model: The ontology in 
computer science is a structured set of terms and 
concepts representing a field direction of 
information, whether by the namespace 
metadata, or the knowledge field elements. This 
model aims to present the context by ontologies. 

3. Related Works 

Thanks to what the Mobile learning has offered as benefits 
to the users, it has been applied in various fields and 
disciplines to improve their performance and their needs. 
3.1 Mobile learning and transport 
 

• CATS 

The CATS platform (Context-Aware Transportation 
Services Framework) [40] is a proposed approach for 
factorization of management applications for transport. We 
consider a set of applications that can run on mobile 
devices, accompany and support the user in his movements. 
The user can be in different situations, during his travels, 
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the context changes, and so the applications used should 
adapt their functioning in accordance. 

One of the problems related to the context is the 
multitude of uses that can be made of the contextual 
information. The interesting use in this approach is the 
adaptation of applications behavior according to the new 
situations.  

The objective of this research is the proposal of a 
software architecture, ensuring a coherent operation of all 
applications that accompany a person when traveling 
through the use of an embedded platform for the execution 
and the management of the applications dedicated to 
transportation. 

 

Fig. 1  The CATS platform with two examples of applications. 

(i) Context manager: Its purpose is to detect the 
context and track its changes, taking into account 
each element characteristics.  

(ii) Execution manager: Its goal is to ensure a good 
performance of the applications as well as 
managing their assembly. 

(iii) Trader: Its role is to search and retrieve services 
from other terminals. The aim is to offer an 
effective solution for highly mobile users. 

• DDS 

Previously we introduced CATS, the Framework for 
context-aware applications for the transport sector. The use 
of CATS application requires a network connection. 
However, in specific environments, it may be impossible to 
use a connection. So, to overcome this disadvantage, an 
asynchronous approach to CATS Framework has been 
proposed.   

This approach is presented by the DDS (Data 
Distribution Service) Framework [26] which is a 
middleware specification taking into account the quality of 
service properties. This new service is suitable for a new 
class of applications that require real-time service quality.  

 

Fig. 2  DDS Framework architecture. 

The environment is composed of three layers: 

(i) The mobile client side that will send an 
asynchronous request for obtaining a software, 
service/component or any type of data.  

(ii) The server-side who is responsible for the 
interface between the clients and the external 
component repository with the DDS 
environment.  

(iii) The components repository who offers the 
possibility to download potentially any 
component type. 

3.2 Mobile learning and business 

• SAMCCO 

The SAMCCO approach (Système d’Apprentissage 
Mobile Contextuel et Collaboratif dans des Situations 
Professionnelles) [12] aims to implement the technology of 
the contextual and collaborative mobile learning in 
professional situations, especially for learning the control 
of domestic, public or professional equipment in mobility 
situation. 

The system proposed takes into account the 
requirements MOCOCO (Mobility, Contextualization, and 
Collaboration). It is designed to allow learners to learn the 
control of domestic, public and professional equipment 
based on contextualized learning resources. These 
resources will be used to produce learning units that can be 
exploited in the learning system. 

 
Fig. 3  The SAMCCO system architecture. 
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The entire system is based on the IMERA (Mobile 
Interaction in Real Augmented Environment) platform: 
(i) The user performs its activities relating to the 

equipment in ERA (Environment Real 
Augmented). 

(ii) The mobile device is properly configured for the 
learner. 

(iii) The IMERA platform allows the communication 
of different levels between the mobile device and 
the equipment. 

(iv) The interaction patterns contribute to the good 
design of the interaction interfaces.  

(v) The services are generic services that support 
learning applications. 

(vi) The databases store learning content, 
communication messages, etc. 

(vii) The control engine organizes learning activities. 

• SAPA 

The SAPA system (Système d’Apprentissage Pervasif et 
Adaptatif) [27] is interested in the design of a learning 
system representing the employee's activities in a work 
environment. 
The aim of this approach is to propose an adaptive and 
context-aware scenario model. It can create relevant 
content for a particular learner’s need based on a particular 
work context. As the activities, can’t be performed in the 
same way in all contexts, it is necessary to have an adaptive 
mechanism for selecting the best ways to achieve a task. 
The implemented scenarios can be articulated in different 
contexts in the workplace and provide a common structure 
of activities that guide learning at work. 
To validate this approach, SAPA prototype has been 
implemented (see Figure 4). This prototype implements the 
scenario models designed during the system design. It is 
based on Service-Oriented Architecture (SOA) including 
web services and semantic web to facilitate sharing, reuse 
content and context-awareness. 

 
Fig. 4  The SAPA system modules organization.  

(i) Middleware: Is a server that acts as a mediator in 
the service-oriented architecture. This module 
allows to aggregate and coordinates all services 
from other modules or environment.  

(ii) Context Recovery Services: Is mainly in charge 

to discover or capture context data information 
such as environmental devices offering the 
services.  

(iii) External services: Is a service container reserved 
for external services such as the services defined 
by providers about their products. 

(iv) Semantic Management Services: Is deployed 
through a web services server to manage services 
at the semantic level. This module is a service 
container that can be invoked and implemented by 
other modules or applications of the system via 
the mediator (middleware) for information at the 
semantic level.  

(v) Application:  Defines the interactions between 
the user and the system. It can be presented by a 
simple shape such as a speaker that receives 
sounds sent by the system. 
 

• WoBaLearn 

The WoBaLearn system (Work-Based Learning) [41] is an 
approach that consists in the construction of hierarchical 
context model based on an ontology for the professional 
learning. It proposes a series of just-in-time activities for 
learning in the workplace. 
To validate this system and to simplify the charge, reduce 
the cost and effort of maintaining and upgrading, the 
WoBaLearn system was implemented in a web server on a 
structure B/S (Browser and Server). The main logic of 
WoBaLearn system implementation on the server side, that 
the system interfaces can be achieved by mobile learners 
via the network and the mobile devices can collect context 
from user and multiple sensors, and transmit them to the 
system who uses its contextual information to make 
decisions to adapt the learning process.  
The WoBaLearn system is implemented with three layers: 

 
Fig. 5  The WoBaLearn Technical implementation. 

(i) Presentation Layer: Provides services focused 
on the learner, such as providing learning tools for 
learner, and system interaction. 

(ii) Logic layer: Receives information from the 
presentation layer and accesses to the data stored 
in the data layer. 
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(iii) Data layer: Provides access to data that are hosted 
within the system limits. 

3.3 Mobile learning and education 
• CommonKADS 

The major disadvantage of mobile learning is the lack of a 
standard as well as the lack of awareness on how it may be 
well integrated into the learning process.  
To respond to this problem, CommonKADS (Common 
Knowledge Analysis and Design System) [1] aims to 
formalize a comprehensive and generic model for mobile 
learning in order to understand its various components and 
also to guide future researchers in the mobile learning field, 
using knowledge engineering methodology.  This work is 
the result of the Spirit - II (P5248) Peter-II project. It 
supports most aspects of KBS (Knowledge Based System), 
including project management, organizational analysis, 
knowledge acquisition, conceptual modeling, user 
interaction and systems integration. 

 

 
Fig. 6  The CommonKADS model. 

(i) Organization model: Supports the analysis of the 
main characteristics of an organization to discover 
problems and the possibilities of knowledge 
systems and to determine their feasibility. 

(ii) Task model:  Analyzes the overall task layout, its 
inputs, and outputs, preconditions and 
performance criteria, in addition to its resources 
and skills. 

(iii) Agent model: Agents are the executors of tasks. 
An agent can be a human, an information system, 
or any other entity that can execute a task. 

(iv) Knowledge model: Is built to explain in detail the 
types and knowledge structures used to perform a 
task. 

(v) Communication model: Represents the 
communication operations between agents 
involved in different tasks. 

(vi) Design model: Provides the technical 
specifications of the system, based on the specific 
requirements. 

•  CALM 

The CALM platform (ContextuAlized Learning through 
Mobility) [42] aims to instrument on a mobile device, the 

museum visits situations. The system considers two 
situations types: Free visit to the museum and school visit 
for educational purpose. In both cases, it is a question of 
adapting, in a transparent manner for the learner, the 
activities and the interactions suggested depending on his 
desires and his physical situations (location, work nearby, 
etc.).  
To respond to these needs, this approach offers a process 
of the operationalization of the field and the context models 
using calculations of semantic proximity for learning 
activities generation. Thus, it defines a formalism of 
pedagogical rules offering two control modes: thematic and 
contextual control.  
The approach has been validated by the presentation of a 
prototype made through a usage scenario. The mobile 
application that has been made is an Android application. 
It is with this latter that indeed the user interacts (see Figure 
5). The calculations and contextual semantic proximities 
are achieved by a server application communicates with the 
client application via RESTlet services. 

 
Fig.  7 Work consultation. 

The user, having chosen the work on which he wishes 
additional information, is directed to a consultation screen 
of its description, this description is not automatically 
generated, it corresponds to what may be found in the 
exhibition catalog. At any time, the visitor can access to the 
self-assessment games, and as part of a free visit, these 
activities are aimed to offer an entertaining relaxation 
during the visit and allow the visitor to validate his 
knowledge.  

• MobileSIM 

Some physical concepts are difficult to understand by 
students, as is the case for the photoelectric effect, which is 
not often understood by college students. 

The MobileSIM system [28] explores the mobile 
technologies potential for the improvement of the science 
learning and to consider, in particular, the contribution of a 
simulation of the photoelectric effect, using mobile devices 
and in cooperation situation for a better understanding of 
the quantum nature of light among the students at the 
college level. This approach was concretized by a mobile 
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learning platform MobileSIM which is developed for use 
by both subjects and professor (Fig. 8). It is accessible via 
the Internet and also in local mode with WiFi which is based 
on a complete architecture. It allows the teacher to enter the 
lists of his subjects, create groups, virtual labs, and activities, 
assign activities to subjects of particular groups, make the 
real-time tracking of who does what in the class and have 
access to the shares recording of each student during the 
simulation. This last function of the platform opens up very 
interesting perspectives for both, the research which is 
understanding the individual process of learning, and for the 
personalized assessment of each student.  

3.4. Comparative study 
 
Based on the context dimensions described in the second 
part of this paper and the in-depth study of the systems 
presented in this section, a comparison can be made 
between these systems according to the following table: 

 
Table 1: Comparative table 

 
According to this comparison, we can conclude that the use 
of context dimensions in a system varies according to its 
objectives and its needs. Therefore, the context modeling is 
a crucial phase in the contextual mobile learning system 
design. 

4. Contribution 

After studying different areas of application of mobile 
learning, we have chosen the work on the education field. 
Therefore, we propose an adaptation and personalization 
approach for mobile learning. It is based on a combination 
of the learner's learning style and its environment context, 
as location, movement, brightness, and proximity, and the 
device context as the display, connectivity, battery, etc. in 
order to provide the learner with the most appropriate 
course content format (Text, Presentation, Audio, and 
Video).  

 
 
 

5. Conclusion and Perspectives 

In this article, we have shown the fast-growing mobile 
learning interest while emphasizing the context-awareness 
concept. We presented the different areas in which mobile 
learning was used, including the professional, 
transportation and educational fields. According to this 
study, we can notice the gain provided by this use.  

Indeed, the mobile learning in the professional world 
improves the performance and skills of the employees, in 
the transport sector, it provides services that facilitate the 
tasks and the drivers’ activities. As for education, the M-
learning is an evolution of traditional learning tools, it offers 
to the learners a contextual mobile learning environment 
appropriate to their needs. 

Our main contribution is interested in the education field, 
and currently we are in the process of working on the 
modeling and implementation of our proposed approach. 
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