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Abstract Over the last decade, several research initiatives have investigated the potentials of the

educational paradigm shift from the traditional one-size-fits-all teaching approaches to adaptive

and personalized learning. On the other hand, mobile devices are recognized as an emerging

technology to facilitate teaching and learning strategies that exploit individual learners’ context.

This has led to an increased interest on context-aware adaptive and personalized mobile learning

systems aiming to provide learning experiences delivered via mobile devices and tailored to learner’s

personal characteristics and situation. To this end, in this paper we present a context-aware

adaptive and personalized mobile learning system, namely the Units of Learning mobile Player

(UoLmP), which aims to support semi-automatic adaptation of learning activities, that is: (a)

adaptations to the interconnection of the learning activities (namely, the learning flow) and (b)

adaptations to the educational resources, tools and services that support the learning activities.

Initial evaluation results from the use of UoLmP provide evidence that UoLmP can successfully

adapt the learning flow of an educational scenario and the delivery of educational resources, tools

and services that support the learning activities. Finally, these adaptations can facilitate students to

complete successfully the learning activities of an educational scenario.
ª 2013 King Saud University. Production and hosting by Elsevier B.V. All rights reserved.

1. Introduction

Over the last decade there is a growing interest on adaptive and

personalized learning by many researchers in Technology-
enhanced Learning (TeL) (Martins et al., 2008; Brusilovsky
and Millán, 2007). This has led to several research initiatives

world-wide that investigate the potential of the educational
paradigm shift from the traditional one-size-fits-all teaching
approaches to adaptive and personalized learning (Tseng

et al., 2008; Brusilovsky and Henze, 2007). The key benefits
of this approach are that learners are provided with adaptive
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(P. Zervas), sampson@unipi.gr (D.G. Sampson), ramon.fabregat@

udg.edu (R. Fabregat).

Peer review under responsibility of King Saud University.

Production and hosting by Elsevier

Journal of King Saud University – Computer and Information Sciences (2014) 26, 47–61

King Saud University

Journal of King Saud University –

Computer and Information Sciences
www.ksu.edu.sa

www.sciencedirect.com

1319-1578 ª 2013 King Saud University. Production and hosting by Elsevier B.V. All rights reserved.

http://dx.doi.org/10.1016/j.jksuci.2013.10.008

mailto:sergiog@eia.udg.edu
mailto:pzervas@iti.gr
mailto:sampson@unipi.gr
mailto:ramon.fabregat@ udg.edu
mailto:ramon.fabregat@ udg.edu
http://dx.doi.org/10.1016/j.jksuci.2013.10.008
http://www.sciencedirect.com/science/journal/13191578
http://dx.doi.org/10.1016/j.jksuci.2013.10.008


and personalized learning experiences that are tailored to their
particular educational needs and personal characteristics
toward maximizing their satisfaction, learning speed and

learning effectiveness.
Moreover, the widespread ownership of mobile devices and

the growth of mobile communications industry has provided a

number of services such as instant interpersonal and group
communication, location-aware information delivery and per-
sonalized assistance based on users’ preferences and needs, as

well as ubiquitous communication and interaction with smart
devices and objects (Mascolo, 2010; Satyanarayanan, 2010).

Mobile devices are recognized as an emerging technology
with the potential to facilitate teaching and learning strategies

that exploit individual learners’ context (Jeng et al., 2010).
More precisely, mobile devices can (a) engage students in expe-
riential and situated learning without place, time and device

restrictions, (b) enable students to continue learning activities,
initiated inside the traditional classroom, outside the class-
room through their constant and contextual interaction and

communication with their classmates and/or their tutors, (c)
support on-demand access to educational resources regardless
of students’ commitments, (d) allow for new skills or knowl-

edge to be immediately applied and (e) extend traditional tea-
cher-led classroom scenario with informal learning activities
performed outside the classroom.

This has led to an increased interest on context-aware adap-

tive and personalized mobile learning systems that aim to pro-
vide learning experiences delivered via mobile devices and
tailored to the educational needs, the personal characteristics

and the particular circumstances of the individual learner or
a group of interconnected learners (Liu and Hwang, 2009;
Hwang et al., 2008). The key benefits of these systems are that:

(a) learners are provided with personalized learning experi-
ences in real-world situations and (b) learners’ behavior is de-
tected and recorded for providing them with adaptive feedback

and support (scaffolding).
Within this context, in previous work reported in Gómez

et al. (2012) we aimed to address delivering context-aware
adaptive and personalized mobile learning by proposing a mo-

bile system for delivering context-aware pedagogical strategy-
enhanced educational scenarios via mobile devices.

In this paper, we present initial evaluation results from the

use of this system, namely Units of Learning mobile Player
(UoLmP), by delivering a context-aware and adaptive educa-
tional scenario. The evaluation results provide evidence that

UoLmP can successfully adapt the learning flow of the educa-
tional scenario, as well as the educational resources and the
delivery of the tools and services that support the learning
activities of the educational scenario.

2. Background

Mobile learning has been defined as: the process of learning

and teaching that occurs with the use of mobile devices provid-
ing flexible on-demand access (without time and device con-
straints) to educational resources, experts, peers and services

from any place (Sharples and Roschelle, 2010; Traxler, 2009).
The main benefits of mobile learning for education and

learning are reported as follows (Satyanarayanan, 2010; Lam

et al., 2010): (a) enables on-demand access to learning re-
sources and services, as well as instant delivery of notifications
and reminders, (b) offers new opportunities for learning that

extend beyond the traditional teacher-led classroom-based
activities, (c) encourage learners to participate more actively
in the learning process by engaging them to authentic and sit-

uated learning embedded in real-life context and (d) supports
on-demand access, communication and exchange of
knowledge with experts, peers and communities of practice.

Adaptivity and personalization in mobile learning systems
refer to the process of enabling the system to fit its behavior
and functionalities to the educational needs (such as learning

goals and interests), the personal characteristics (such as
learning styles and different prior knowledge) and the partic-
ular circumstances (such as the current location and move-
ments in the environment) of the individual learner or the

group of interconnected learners (Wu et al., 2008). Adaptivity
deals with taking learners’ situation, educational needs and
personal characteristics into consideration in generating

appropriately designed learning experiences, whereas person-
alization is a more general term and deals with the custom-
ization of the system features, including also issues which

can be adapted and specified by learners themselves, such
as the system interface, the preferred language, or other issues
which make the system more personal (Martin and Carro,

2009). As a result, there are two main issues in the design
of context-aware adaptive and personalized mobile learning
systems, namely, the learner’s contextual information that
influence adaptations, and the type of adaptations that can

be performed based on retrieved learner’s contextual informa-
tion (Graf and Kinshuk, 2008).

2.1. Learner’s contextual information

There are a number of research works that attempt to model
learners’ contextual information during the learning process

(Das et al., 2010; Economides, 2009; Hong and Cho, 2008). A
commonly used definition of context in computer science is:
‘‘any information that can be used to characterize the situation

of an entity’’ (Dey, 2001), where the term ‘‘entity’’ is defined as
anything relevant (namely, a person, a place or an object) par-
ticipating in the interaction between a user and a system, and
the term ‘‘information’’ is defined as any particular element

or detailed piece of data that allows for the description of any
condition or state of the participating entities (Dey, 2001). In
the field of TeL, context has been defined as: ‘‘the current situ-

ation of a person related to a learning activity’’ (Luckin, 2010).
In previous works as reported in Zervas et al. (2011),

existing efforts have been studied for modeling learner’s con-

textual information in mobile learning systems and a context
model has been considered, which can be used in mobile
learning systems for personalization and adaptation. More
specifically, this context model has been developed based

on previous work by Siadaty et al. (2008), who considered
that context can be divided into (a) the learning context
and (b) the mobile context. The learning context is defined

by the learners, the educational resources, the learning activ-
ities and the specific pedagogical strategy, whereas the mobile
context is defined by the learning context captured with

regard to its delivery medium (i.e. the mobile devices). Chris-
topoulou (2008) has proposed to model mobile context
according to five (5) dimensions, namely user temporal infor-

mation, place, artifact, time and physical conditions. Our
context model combines and further elaborates the dimen-
sions and their specific elements of both categories (i.e.,
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