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Abstract—with the continued growth of wireless technology 
and the development of mobile computing, mobile learning 
(m-learning) has become one of the most important ways of 
learning. However, the traditional way of m-learning has a 
lot of limitations and disadvantages. For some time the 
Mobile Cloud Computing (MCC) is an adoptable technology 
for most organizations with dynamic scalability and utiliza-
tion of virtualized resources as a service over the Internet. 
MCC is growing rapidly, with applications in almost all 
areas, including education. Today, there are several re-
searches confirming that MCC is a good way to overcome 
the disadvantages and limitations associated with the tradi-
tional way of m-Learning. This article is an attempt to clari-
fy the definition and benefits of m-learning and MCC while 
presenting their existing work. 

Index Terms—Key words: Mobile Cloud Computing, m-
Learning, d-Learning, e-Learning, XML. 

I. INTRODUCTION 
Recent years have seen the rise of m-Learning, favored 

by the continuous development of mobile computing and 
wireless technology [1]. The M-Learning can be defined 
as a subdomain of E-learning in which applications in-
clude mobility. In the M-learning, the learner can be mo-
bile, i.e. it is not required to remain physically in the class-
room. One of the main objectives in an m-Learning envi-
ronment is to provide learners with the right resource at 
the right time and in the best way. 

With the growing number of users, services, learning 
content and resources, in addition to the limits of m-
Learning environments that are related to mobile devices 
used by learners such as reduced processing power, bat-
tery and the limited size of the screen [2]. To this end, 
how to deploy m-learning applications becomes problem-
atic.  

To improve the quality of traditional m-learning and 
achieve its objectives, it was suggested a promising tech-
nology including the MCC that overcomes the limitations 
and disadvantages associated with this mode of learning. 

Recently, MCC is considered computer model of offer-
ing IT services in the form of on-demand services, acces-
sible from anywhere, anytime and by anyone. MCC offers 
guaranteed dynamic IT environments reliable, customized 
and quality of service for end users. MCC has many ad-
vantages in education as resources stored in the cloud are 
accessed by the student and the teacher via mobile devices 
[3]. 

M-learning has become an important topic for research-
ers in computer science and education. There are many 
works that have implemented an m-learning environment 

taking into account various problems related to mobile 
devices such as bandwidth, battery, context, content and 
adaptation, etc. 

This article attempts to clarify the definition of m-
learning in a MCC environment is a practical way to over-
come its limitations and disadvantages. This paper is or-
ganized as follows: Section II identifies areas of IT-related 
m-learning (e-learning, distance learning), its advantages 
and disadvantages. Section III describes the MCC, its 
services, deployment models, architecture and some ad-
vantages in using the m-learning. Section IV describes 
some traditional m-learning work. Section VI describes 
some work on m-learning based on the MCC. Section V1 
ends this book with the conclusion and future work. 

II. E-LEARNING AND M-LEARNING 

A. Context 
E-learning is a distance learning mode based on new 

multimedia technologies and the Internet, which allows 
one or more persons to form from their computer. Multi-
media materials used can combine text, graphics, sound, 
image, animation and even video [4]. 

Many researchers consider the m-learning just as a nat-
ural evolution of e-learning, which completes a missing 
piece of the solution while leveraging the main strength of 
mobile ICT, or as a new stage of distance learning (d-
learning) and e-learning [5]. 

Historically, the d-learning has over a hundred years of 
experience and tradition. Its main feature is the separation 
in time and space, the learner and the teacher. The e-
Learning provides new distance learning methods based 
on information technology and the Internet. The other side 
of the m-learning is part of the e-learning and, therefore, a 
portion of d-learning as shown in Fig 1[5]. 

 
Figure 1.  The positioning of m-Learning as part of the e-Learning and 

d-Learning [5] 
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One definition can summarize what is usually under-
stood by the term m-learning is: "Any sort of learning that 
happens when the learner is not at a predetermined loca-
tion, fixed, or learning that happens when the learner takes 
advantage of the opportunities offered by mobile technol-
ogies "[6]. 

B. Advantages of the M-Learning 
In view of large group of users of mobile devices, 

Sharples, 2003 [7] considers that educators must find 
ways to exploit the potential of mobile technologies to 
allow them to benefit from their advantages in learning: 
• Learners can interact with each other and with the 

practitioner instead of hiding behind big screens. 
• It is much easier to accommodate several mobile de-

vices in a classroom than several desktop computers.  
• PDAs, Tablet PCs are lighter and less bulky than 

bags full of files, paper and textbooks, or even lap-
tops. 

• Writing with the stylus is more intuitive than using 
the keyboard and mouse. 

• Mobile devices can be used anywhere, anytime. 
• These devices engage learners; young people have 

lost interest in education, such as mobile phones, 
gadgets and gaming devices. 

• The size of these devices is smaller and lighter 
• Mobile devices have lower prices [5]. 

 

According to "EDUCAUSE" M-Learning benefits are 
many [2]: 
• Extending the teaching and learning in spaces beyond 

the classroom, 
• Provide teachers and learners increased flexibility 

and new opportunities for interaction, 
• Support collaborative learning experiences, accessi-

ble, integrated into the world beyond the classroom, 
• Facilitating learning on the workplace: people can 

continue their work while forming (thus increasing 
efficiency in the workplace and therefore productivi-
ty) 

• Facilitate access to training in rural or remote areas 
• Low cost, portability. 

C. Disadvantages of M-Learning 
Despite the advantages provided by the use of mobile 

devices in learning, they have potential limitations that 
may be [2]: 
• The readability of the screens of mobile devices 

(small screens of mobile and PDA) which limits the 
amount and type of information that can be dis-
played. 

• The limited memory size, the latest phones have the 
ability to expand the memory size by adding memory 
cards. 

• The autonomy of the devices, the batteries must be 
recharged regularly, and data can be lost if it is not 
done properly. 

• They can be much less robust than desktop comput-
ers (although tablet PCs begin to address this issue). 

• It is difficult to use animated graphics, especially 
with mobile phones, although 3G and 4G will allow. 

• The data rate, but this is much improved with 3G. 
• The hardware obsolescence of speed, this is a rapidly 

changing market, especially for mobile phones, de-
vices can become obsolete very quickly. 

• Bandwidth may degrade with a larger number of us-
ers when using wireless networks. 

III. MOBILE CLOUD COMPUTING 

A. Context 
The Mobile Cloud Computing Forum defines MCC as 

follows [3]: « Mobile Cloud Computing refers to an infra-
structure where storage and execution of data products to 
external mobile devices. Mobile applications in the cloud 
will move the power and data storage away from mobile 
devices to the cloud » 

The MCC expression was introduced after the concept 
of «Cloud Computing » which was launched in mid-2007. 
It has been attracting the attention of entrepreneurs as a 
profitable business option that reduces the cost of devel-
opment and operation of mobile applications and mobile 
users as a new technology to achieve a rich experience of 
a variety of mobile services at low cost, and researchers as 
a promising solution for green iT core [3]. 

B. Service Models: 
Cloud services, illustrated in Figure 2, are generally 

based on three layers [3]:  
• Data center layer provides the necessary equipment 

and infrastructure clouds. In this layer, there are a 
number of servers connected to broadband networks. 
Data centers are often located in places with the abil-
ity to power high voltage and away from all dangers. 

• IaaS (Infrastructure as a Service) form the base of 
the cloud. These servers, storage, databases and net-
work equipment leased as demand services with lev-
els of adjustable services. 

• PaaS (Platform as a Service) is a runtime platform 
hosted by an operator connected to the Internet. It al-
lows you to run software in SaaS mode. For years, 
Amazon, Google and others offer PaaS solutions at 
competitive prices. 

• SaaS (Software as a Service) is an application pro-
vided as a service. Users access it via a connection to 
the Internet. Updates are regularly made by the pub-
lisher of the software and all customers benefit im-
mediately. 

 
Figure 2.  Architecture of Service-Oriented Cloud Computing [3] 
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C. Deployment Models:  
There are three forms of deployment of Mobile Cloud 

Computing [8]: 
• Private Cloud: If the cloud infrastructure is used by 

a single company, the cloud is private said. 
• Public Cloud: In case some large companies can ex-

ploit large through internet data centers, making them 
accessible to everyone. The most reputable compa-
nies offering this service are Google, Amazon, and 
Microsoft. 

• Hybrid Cloud: A hybrid cloud is a case of combina-
tion of at least two types of Cloud above. 

D. Architecture of Mobile Cloud Computing: 
The general architecture of MCC can be shown in Fig-

ure 3 [3]. Mobile devices are connected to mobile net-
works via base stations (BTS, access point, or satellite) 
that establish and control the connections and functional 
interfaces between networks and mobile devices. Applica-
tions and mobile user information is transmitted to the 
central processors that are connected to servers providing 
mobile network services. Here, mobile operators can pro-
vide services to mobile users as AAA (Authentication, 
Authorization, Accounting) based on the home agent 
(Home Agent: HA) and data stored in the subscriber data-
base. After that, requests the subscribers are delivered in 
the cloud through the Internet.  

In the cloud, controllers handle applications to provide 
mobile users with the corresponding cloud computing 
services. These services are developed with the concept of 
utility computing, virtualization and service-oriented ar-
chitecture. 

IV. BENEFITS OF USING THE M-LEARNING BASED 
MOBILE CLOUD COMPUTING  

M-learning can use and benefit from mobile cloud 
computing using: 
• IaaS: use a solution of m-learning on the provider's 

infrastructure. 
• PaaS: use and develop a solution of m-learning based 

on the supplier's development interface. 
• SaaS: Using m-learning solution provided by the 

provider. 
There are many benefits when the m-learning is imple-

mented with MCC technology, namely [13]:  
• Low cost: The m-learning users should not have cell 

phones upscale with a good configuration to run the 
m-learning applications. They can run cloud applica-
tions through their mobile phones with a minimum 
configuration with Internet connectivity. 

• Improved performance: Since m-learning applica-
tions based on the MCC run on the cloud, mobile cli-
ent laptops perform better because they have less 
memory loaded programs and processes 

• Updates instant software: Because applications are 
in the cloud, updates occur automatically and are 
available once learners are connected to the cloud. 

• Improved document format compatibility: In the 
MCC, we have more compatibility to open files and 
applications easily without installing more software 
on mobile devices seen as m-learning based on the 
MCC opens files via the cloud. 

 
Figure 3.  Mobile Cloud Computing (MCC), architecture [3] 

 
Figure 4.  general and generic architecture of m-learning [9] 

• Benefits for students: Students get more benefits 
through the m-learning based on the MCC. They can 
take online courses, participate in online examina-
tions, obtain feedback on the course instructors, and 
send their online projects to their teachers. 

• Benefits for teachers: Teachers also get many bene-
fits via m-learning based on the MCC. Teachers are 
able to prepare for online tests for students, process 
and create better content resources for students 
through content management, evaluate the tests, 
homework, projects, followed by students, post com-
ments and communicate with students through online 
forums. 

• Data security: A great concern is the safety of data 
because the software and data resides on remote serv-
ers that can block or disappear without additional 
warnings. While this does not seem very reasonable, 
mobile cloud computing provides significant security 
benefits for individuals and companies that use / de-
velop m-Learning solutions. 

V. M-LEARNING WORKS 

A. A general architecture developed on the platform of 
e-learning 

Since the m-learning is considered an extension of e-
learning, most of researchers have proposed architectures 
developed on e-learning platforms, while adding features 
to the platform to adapt to mobile devices [9]. M-learning 
can be used on platforms of e-learning while adding new 
features mobile technology as shown in the figure 4.  
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This architecture considers the m-learning as an exten-
sion of an LMS (Learning Management System) Tradi-
tional and provide services tailored to mobile users .It is 
composed of two layers, one layer e-LMS (e-Learning 
Management System) and layer m-LMS (Mobile Learning 
Management System).  

In traditional e-LMS layer, the features can be grouped 
into four categories i.e. learning resources, specific learn-
ing services, common services and presentation. In the m-
LMS layer, three blocks are added on top of the e-LMS 
layer including the discovery of context, packaging and 
synchronization, management of mobile content and 
presentation of adaptation. It is an architecture that con-
sists of two layers allows the flexibility and scalability to 
support the various learning activities. This architecture is 
likely to be supplemented and developed for a specific 
situation according to the needs and constraints of each. 

B. Approach based on web services 
Sushi et al. (2004) [10] propose an architecture of web 

services for m-Learning; it provides students and teachers 
with the opportunity to obtain all of the learning material 
related to their handheld devices through a Web services 
architecture. This architecture consists of four layers: the 
application layer, integration using web services stand-
ards, delivery devices and human layer. This architecture 
is shown in Figure 5. 
• Application layer: This layer consists of various 

services for students and instructors. These services 
are created by administrators and instructors for use 
by students. The other layers below the application 
layer will be completely transparent to the students. 

• The integration layer using web services stand-
ards: This layer includes all the content and applica-
tions that may already be available in different for-
mats. The Web services architecture used for such 
purpose would make the entire integration process 
like ready to use, and provide enough flexibility to al-
low independent content features. 

• The layer of the delivery devices: This layer is used 
to deliver the content using the Internet and allowed 
multiple devices. 

• The human layer: This layer consists of students, 
administrators, instructors. 

C. Adaptive Approach and Context-Aware for m-
Learning 

In the context of m-Learning, it is helpful to consider 
the context sensitivity and adaptability as two sides of the 
same coin. The goal of adaptability and sensitivity to 
context is to better support a variety of learners they may 
have very different skills and motivation to learn in vary-
ing contexts [11]. 

1) Adaptation of learning 
Research in the field of adaptation of learning following 

three directions [11]: 
• Adaptation of content and course: It consists in 

adapting the course to suit the preferences of the 
learner, their previous knowledge, purpose, and de-
liver appropriate courses to the characteristics and ca-
pabilities of mobile devices learners. 

• The presentation of adaptation: The content was 
presented in different ways based on learners' prior 

competences (knowledge and skill prerequisites) and 
learner preferences. 

• Adaptation of navigation and sequencing: It adapts 
the navigation and rating links to the user, to help him 
find a suitable path in the learning process. 

2) Sensitivity to context (context-awareness) 
Much has been written about the context, and several 

researchers have tried to put forward a definition accord-
ing to context their views. The most cited definition is that 
of Dey (2000) [12] which define the context as any infor-
mation that can be used to characterize the situation of an 
entity. The entity is a person, a place, an object that is 
considered relevant to the interaction between the user and 
the application, including the user and the application 
itself. 

Among the contextual learning systems or context sen-
sitive learning we chose a representative example of this 
type of systems. A common feature of context aware sys-
tems is to have a contextualization module to adapt the 
learning activity and content to user contexts. 

The above system is a typical architecture of contextual 
systems. It includes a LCMS (Learning Content Manage-
ment System), which is developed on technologies of e- 
learning. The content stored in the system corresponds to 
the  standards  of e-learning,  described by XML files. To 

 
Figure 5.  flexible architecture services for m-Learning [10] 

 
Figure 6.  Architecture context sensitive system [13] 
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adapt the content to the mobile context, a CSM module 
(Context-Sensitive Middleware) is added between the 
LCMS and mobile devices. 

D. Approaches based agents 
Agent technology has been used by many m-Learning 

systems, some of them [14] [15] have used the intelligent 
agents to adjust the learning content dynamically through-
out the learning process. 

1) Platform based agent (Bee-gent framework) 
Bee-gent platform is used to implement mobile agents 

in m-Learning system to improve its environments and 
solve its shortcomings. Bee-gent is composed of two types 
of agents: wrapper agent and mediation officer [14]. Fig-
ure 2-6 shows how Bee-gent is used to implement mobile 
agents in the system. The scenarios of main process are. 
a) On the server side, the inference engine interacts 

with the learner model and the module of experts 
through the database interface. 

b) On the client side, if a request should be sent to the 
server, the client informs the client side agent wrap-
per, and it will create a mediation officer who is able 
to carry the information to the server. 

2) Approach Mobile Agents in m-Learning 
Environment  

Sheng-Hung and Chung [15] propose an approach that 
uses mobile agents and ACID (atomicity, consistency, 
isolation and durability) in the m-learning. The above 
approach uses two agents; Replication Agent and Snap-
shot Agent that are proposed as an effective way to solve 
the limitations of m-learning namely the heavy load and 
bandwidth limit. The implementation of mobile agents, 
such middleware for m-Learning environment is to pro-
vide database replication between learners and offsite 
databases. 

In this technique proposed in Figure II-8, a central da-
tabase LMS is determined as a Snapshot publisher, where 
a compact edition of files and information is generated 
Snapshot rental residing on the database server Database. 
Users can quickly retrieve information from wireless mo-
bile applications. In this case, the Replication Agent pro-
vides the flexibility to move from one site (user) to anoth-
er (central database) for the synchronization of critical 
data. 

The replication agent has the following components: 
publisher, distributor, Subscribers, publications, articles, 
and subscriptions. Replication agents to be used in the 
environmental field of mobile applications that are re-
sponsible for copying and moving large data fields be-
tween the publisher and subscribers are: Snapshot Agent, 
Log Reader Agent, Distribution Agent, queue Reader 
Agent, and Merge Agent. The following figure shows the 
replication process. 

VI. M-LEARNING WORKS ON MCC  

A. A m-Learning architecture based on the Cloud 
The main objective of M-Learning in the cloud envi-

ronment is to provide learners with the resources central-
ized shared knowledge anytime and anywhere. An archi-
tecture that has been proposed for m-learning as shown in 
Figure 1 includes the communication between the end 
user device (terminal) and the data center into a cloud 
environment [16]. The terminals can be connected to the 

infrastructure within the local network of the University 
(LAN: Local Area Network), or they can be connected to 
external networks (Internet). The platform of the universi-
ty server (Course Management System) [17] hosts educa-
tional resources via the university LAN. A user can access 
the platform directly from the university LAN or across 
the Internet to gather learning materials.  

 
Figure 7.  Architecture of m-learning environment using mobile agents 

[14] 

 
Figure 8.  Replication process [15] 

 
Figure 9.  Architecture of mobile cloud learning [16]. 

 
Figure 10.  Details Of Architecture Components. 

iJIM ‒ Volume 10, Issue 3, 2016 39



PAPER 
SURVEY ON THE USE OF THE MOBILE LEARNING BASED ON MOBILE CLOUD COMPUTING 

 

The user can access the data center, LAN or from the 
university, or directly from the Internet. The authentica-
tion server manages authorized access to the data center, 
and is connected directly to the assets and liabilities serv-
ers as shown in Figure 9. 

B. eLSaaS: A Framework for adapting the content of m-
learning 

This section provides a solution for the construction of 
a virtual and personalized learning environment that uses 
cloud technology to create a model based on services for 
suppliers and m-learning learners. The concept of eLSaaS 
presented as a software distribution model in which appli-
cations are hosted by a service provider and distributed via 
the Web. 

In the proposed environment Elsass as shown in Figure 
[11], it is easy to combine semi-structured data, stored in a 
native XML database (NXDB) with structured data stored 
in a relational database (RDB) through the Web services 
(WS). The objective is to provide direct data and applica-
tion integration, located on sites distributed to improve the 
achievement of learning outcomes. This approach pro-
motes independent m-learning gateway device between 
different mobile units and the huge number of learning 
resources available on a plethora of LMS (Learning Man-
agement System).  

It becomes possible by combining the Open Semantic 
Editor Web-based [19] with a set of additional services to 
accommodate different mobile units with direct access to 
learning objects (Los) usually designed for desktop Web 
browsers. A semantic content adaptation service is con-
nected to the normalization of the content. This tool uses 
templates to automatically and efficiently tailor content 
for mobile web browsers.  
An alternative service is available for a voice solution, 
which allows learners to turn any written text in the files 
of the natural voice, when using the standard voice. This 
approach enables both the generation and progressive 
download text and audio based on the dynamic learning 
materials for m-learning and ubiquitous access.    

VII. CONCLUSION AND FUTURE WORK 
The m-Learning based on the MCC positively affects 

the learning process. Students and teachers have the op-
portunity to quickly and economically to different plat-
forms and application resources through mobile phones on 
demand. These automatically reduces the cost of organiza-
tional costs while delivering more powerful functional 
capabilities and gradually eliminate the costs of software 
licenses, cost of materials and cost of maintenance. 

Our future research aims to define and develop a se-
mantic web tool for the description of a learning object 
structure using XML scheme based on an anthology to 
facilitate the creation and sharing of these items with the 
content XML via the Mobile Cloud Computing environ-
ment to overcome the limitations and disadvantages of the 
traditional method of m-learning. 
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