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Abstract. This paper reviews existing applications of mobile learning, and 
discusses some design issues for the development of mobile learning 
experiences. 

1   Introduction 

The emergence of the knowledge society poses new requirements for education and 
training: the knowledge-based economy requires a flexible, very well-trained 
workforce; and the citizens of the information society need to be continuously 
(re)trained in order to remain competitive within this workforce and to fully exploit 
the learning opportunities offered by the knowledge society for their personal 
development, fulfillment and enjoyment. 

The rapid evolution of learning technologies – exploiting the respective 
developments in information and communication technologies (ICT) – create 
numerous new opportunities for meeting these requirements: web-based learning 
environments (learning management systems, learning content management systems, 
etc) deliver life-long education and training applications and services to anyone, 
anytime, anyplace. However, most of these applications realize a learning model that 
is rather “traditional” in nature: it is based on the notion of one (or more) tutors, who 
help learners acquire a specific body of knowledge (through learning material, 
learning activities, etc), which can be measured through specific assessment methods. 
Such a model does not fit instances of learning that occur in the process of specific 
problem solving in the course of everyday life: “When the person’s central concern is 
a task or decision, he will not be very interested in learning a complete body of 
subject matter. Instead, he will want just the knowledge and skill that will be useful to 
him in dealing with the particular responsibility of the moment” ([1], pp. 51). 

Recent developments in ICT, and especially in mobile and wireless technologies, 
facilitate the departure from traditional learning models, since learning can be easily 
“carried”, and even embedded, into our everyday environment. The exploitation of 
this potential brings about a new era for learning: just-in-time, just-enough, on-
demand personalized learning experiences, seamlessly integrated within our everyday 
activities.  

This is the context where the paradigm of mobile learning is emerging. In the 
following section we present an overview of the current state-of-the-art in learning 
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technologies and identify the gap that the emerging paradigm of mobile learning aims 
to fill in. We then introduce mobile learning and present a brief overview of the area 
in section 3. In section 4 we analyze the dimensions of, and discuss some design 
issues for mobile learning systems. 

2   The Present: State-of-the-Art in Learning Technologies 

Learning technologies1 are attracting increasing interest worldwide, since they can 
meet the requirements of the knowledge society and knowledge-based economy for 
high-quality life-long learning. Over the past decades, a number of applications and 
services have been made available out of these efforts, reflecting, or even driving a 
paradigm shift in technology-enhanced learning: from computer-assisted learning, to 
web-based learning, to mobile learning. 

Over the last decade, a major transformation has taken place due to the wide 
adoption of the internet. The main drivers for this transformation can be summarized 
as follows:2

− demand: rapid obsolescence of knowledge and training; need for just-in-time 
training delivery; search for cost-effective ways to meet learning needs of a 
globally distributed workforce; skills gap and demographic changes which drive 
the need for new learning models; demand for flexible access to lifelong learning; 
etc;

− supply: internet access is becoming standard at work and at home; advances in 
digital technologies enable the creation of interactive, media-rich content; 
increasing bandwidth and better delivery platforms make e-learning more 
attractive; a growing selection of high-quality e-learning products and services are 
made available; emerging technology standards facilitate compatibility and 
reusability of e-learning products; etc. 

As a result, the interest in learning technologies in the past few years has turned 
mainly into: 

− the development of learning material, activities and software, which is of high-
quality, exploiting multimedia, interactive, immersive and mobile technologies and 

− the delivery and management of such material, activities and software. 

Figure 1 depicts the idea of learning content management systems (LCMSs), as 
they reflect the development, management and use stages of the learning technology 
development cycle. Re-usable learning objects (“any digital resource that can be 
reused to support learning”), learning activities, software, etc, are created by 
instructional designers, subject experts, or even learners and are published within a 
common repository, together with their description (which is based on a common 
format, e.g. through learning technologies specifications and standards, or following 
the specific conventions of a learning community). Learners and teachers can search 
this repository to retrieve, access and share learning objects according to their profile 

1 We use this term to refer to applications of ICT for learning. 
2 Source: SRI Consulting and WR Hambrecht + Co. 
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and learning objectives (which can also be described through a common format) and 
annotate and augment them with personal notes, ideas and interpretations and share 
them back with other learners and the community. 

LCMSs offer a number of advantages, including: re-usability of learning material 
(facilitating the development of economies of scale), personalized access to learning 
material, just-in-time, on-demand and just-enough learning. 

These developments facilitate the departure from a number of constraints, relating 
to time and place, as the learning resources become available at all times, outside 
classrooms or libraries. However, the current state-of-the-art still realizes a learning 
model which is rather “traditional” in nature: learners access a common repository to 
acquire a body of knowledge, which can be assessed against specific measures. This 
misses out the conversational and situational nature of learning and knowledge. 

Fig. 1. Learning Content Management Systems (adopted from [2]) 
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Moreover, a number of constraints are not yet overcome: learners need to be in 
specific places where they have internet access through a desktop or laptop machine.  

The next section describes mobile learning, as the emerging paradigm that bares 
the potential to overcome some of these constraints: learners can learn anytime, 
anywhere, accessing location and context-specific learning resources as the need 
arises, in continuous contact and collaboration with fellow learners and tutors. 

3   The Emerging Paradigm: Mobile Learning 

Mobile learning is usually defined as learning that takes place via wireless devices, 
such as mobile phones, personal digital assistants, tablet computers, etc. That is, in 
most definitions encountered in the literature, it is only the employment of specific 
types of technology that seems to differentiate mobile learning from other forms of 
learning. However, when considering mobility from the learner’s point of view, it can 
be argued that mobile learning can take place everywhere: pupils can revise for exams 
on the bus to school, doctors can update their medical knowledge while on hospital 
rounds, language students can improve their language skills while traveling abroad. In 
this context, a definition of mobile learning should therefore be widened to include 
any sort of learning that happens when the learner is not at a fixed, predetermined 
location, or learning that happens when the learner takes advantage of the learning 
opportunities offered by mobile technologies [3]. 

There are a number of reasons which make mobile technologies and devices 
attractive for learning, including: palmtops are relatively inexpensive, compared with 
full-sized desktop or laptop computers; they offer the possibility of ubiquitous 
computing; they facilitate access to information and promote the development of 
information literacy; they offer the possibility of collaborative learning and 
independent learning [3].  

During the past few years, mobile devices and technologies have become 
mainstream and, as a result, a number of prototype learning applications have been 
deployed and tested in different contexts (extensive reviews are included in [3], [4], 
[5], [6]). Table 1 presents a categorization of such applications according to their 
underlying learning model, based on [5]. 

The above description demonstrates that learning and teaching with mobile 
technologies is beginning to make a breakthrough from small-scale pilots to 
institution-wide implementations. A number of key issues need to be taken into 
account in the development of these implementations, which can be summarized as 
follows:  

− context: gathering and utilizing contextual information may clash with the learner’s 
wish for anonymity and privacy; 

− mobility: the ability to link to activities in the outside world also provides students 
with the capability to “escape” the classroom and engage in activities that do not 
correspond with either the teacher’s agenda or the curriculum; 

− learning over time: effective tools are needed for the recording, organization and 
retrieval of (mobile) learning experiences; 
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− informality: students may abandon their use of certain technologies if they perceive 
their social networks to be under attack; and 

− ownership: students want to own and control their personal technology, but this 
presents a challenge when they bring it in to the classroom [5]. 

The following section scrutinizes the process of designing mobile learning 
applications and lists related, more specific, design issues that need to be addressed. 

4   Mobile Learning Design Issues 

A number of issues need to be taken into account when designing mobile learning 
applications. For example, the rapid advancements in mobile technology, the general 
incompatibility between devices, operating systems and applications, and the limited 
resources in relation to desktop technologies, make the choice of mobile technologies 
and infrastructures a very important decision.  

In the following we examine the main dimensions of mobile learning systems in 
relation to (currently available) technologies, and suggest corresponding checklists to 
inform and evaluate design choices.  

Learning 
activity 

Learning 
outcomes 

Infrastructure 
network 

Hardware Software Usability Ergonomics 

Network 
performance 

(b)(a)

Fig. 2. Dimensions for the (a) design and (b) evaluation of mobile learning systems 

As Figure 2 depicts, the choices of infrastructure networks, hardware and software 
are interdependent and intertwined with the design of the learning activities. 

The design of the learning activities for mobile learning is governed by the same 
principles as the design of any other technology based learning activities, and the 
choice of the type of activity to implement has to be guided by the learning 
objectives. What the designer needs to bear in mind is that they design for the 
learning, not for the technology. The use of (mobile) technology is not the objective; 
rather, it is a means to enable activities that were otherwise not possible, or to increase 
the benefits for the learner(s). It is possible that the use of mobile technologies is 
suitable for only a part of the learning activity, whereas other parts are better 
supported by other technologies – or even by no technology at all.  

The infrastructure network component includes decisions about the selection of 
communication networks and, in the case of location-aware applications, the selection 
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of positioning systems. The available communication networks include satellites, 
mobile telephony, wireless local networks, personal ad-hoc networks, etc. The 
selection of an infrastructure network is informed by the number of users, the need for 
range, connectivity and data access, the time and place of use, possible interference 
with other devices, security requirements, the costs to the provider and/or the user and 
the network configuration. 

The available positioning technologies include infrared, Bluetooth, WiFi and Ultra 
Wide Band, radio frequency systems such as GPS and RFID and hybrid radio 
frequency systems that make use of ultrasound (for a concise review see [7]). The 
selection of a positioning technology is informed by the requirements for precision 
(for example, the requirements are looser for outdoors than indoors applications), the 
need for real-time positioning, and whether the location tracking is automatic (e.g. the 
user is continuously tracked) or user-initiated (e.g. the user deliberately declares their 
position using, for example, RFID tags/readers). 

With regard to the hardware, there is a wide range of mobile devices to choose 
from including laptops/notebooks, tablet computers, personal digital assistants 
(PDAs) and smart phones. The selection of a device depends on the requirements for 
processing power, battery life, robustness and ergonomics factors (for example, 
whether the user has only one or both hands available, if they are moving or standing 
still, the weight they can bear, environmental factors such as temperature and noise, 
etc.). Another issue that needs to be taken into account is the management of the 
hardware, especially in the case where it is provided by an educational institution as 
part of a course: are the devices for individual or for group use? Can the learners take 
the devices home? Who is responsible for damage? Etc. 

Related to hardware are also the sensors and probes often used in context-aware 
mobile learning applications [8]. Context-awareness in mobile learning enables the 
delivery of context-specific content, options and services [9]. Available context 
attribute sensors include environmental sensors for measuring, for example, light, 
sound, atmospheric elements, pressure, humidity, precipitation and air temperature; 
activity sensors for recognizing, for example, body and eye movement, touch and 
limb orientation; and body sensors for measuring, for example, heart rate, blood
pressure and brain activity (ECG). The type of sensors to use depends on the context 
attributes that are judged relevant to the learning experience. 

With regard to the software a great challenge lies in the design of the user 
interface, the help system and the interaction. The typically small screen size and 
limited processing power limit designer choices and resources. Example interfaces are 
map-, menu-, voice-, text-based – and many more. Nielsen’s usability heuristics [10] 
offer a good summary of the desired attributes of user interfaces.  

The help system is there to provide easy recovery from errors and faults, to assist 
in the performance of all functions (trivial or not), to adapt to the user and their 
actions. Possible components to incorporate in a help system include tutorials, FAQ 
lists, troubleshooting guides, hypertext documentation, etc. Issues to consider are the 
accuracy and completeness of the content, the appropriateness of the structure, the 
appearance, and the extent to which the help system adapts to the user. 

To design the interactions, we need to study the users, their activities and their 
environment in relation to the learning activity. For example, the use ‘on the go’ 
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means limited ability for scrolling, possible use with only one hand available, 
possible need for use in ‘silent’ mode and possible need for synchronization. 
Especially when the mobile application is for young children, the designer needs to 
remember their limited skills in hand-eye coordination and in the manipulation of 
small objects. Example interaction techniques make use of speech, handwriting, 
haptics, etc. 

An important step in the design of mobile learning applications, as in any other 
type of application, is the continuous evaluation and re-design. Figure 2 illustrates 
the dimensions towards which mobile learning systems need to be evaluated, in 
correspondence to the design dimensions. The outcomes of the learning activity 
need to be evaluated against preset educational objectives, using appropriate 
evaluation instruments (questionnaires, quiz, drill-and-practice, etc.). The 
evaluation needs to compare the performance of the learner(s) before and after the 
mobile learning activity; and also the performance of the learner(s) who used the 
mobile learning application against other learner(s) who did not use it. The 
infrastructure network needs to be evaluated for its reliability, security, quality of 
service and seamlessness. The hardware needs to be evaluated with regard to 
ergonomics issues, including comfortable use (appropriate form, size, etc.) during 
the supported activities in the specified context of use, and also with regard to 
robustness, performance, reliability, unobtrusiveness and, in the case of sensors and 
probes, accuracy. The software needs to be evaluated with regard to its usability and 
more specifically its learnability, performance, effectiveness, error tolerance and 
recovery, and user satisfaction. 

Table 2 summarizes the above design issues for mobile learning. 

5   Conclusions 

Mobile learning is an important area for research and development, as it offers new 
forms of communication, collaboration and learning that were not possible a few 
years ago. Mobile technologies have become widely available and affordable only in 
the recent years, therefore few commercial educational applications are currently 
available. We can expect rapid developments in mobile learning as the technology 
offers greater range at lower prices.  

This paper discusses some issues that designers of mobile learning experiences 
need to take into account when making design choices - most of them being rather 
technological. However, apart from the technological issues, the full exploitation of 
mobile technologies, especially from a pedagogical point of view, requires a sound 
theoretical basis which is rather not available today: as Falk and Dierking argue, 
“most of what is known about learning is based on studies from either classrooms or 
psychology laboratories, and so may be inappropriate as a basis for considering 
learning outside of these settings” [11]. This is clearly not in line with the new 
opportunities offered by mobile technologies, therefore new learning theories and 
instructional models may need to be developed, which can form the educational and 
social basis for the delivery of effective mobile learning experiences. 
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