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Abstract—Mobile learning is impacting education using different
technologies and methodologies. This article introduces two
relevant learning experiences at UNED where new mobile
technologies and pedagogical methodologies were applied. The
first experience was based on a ubiquitous annotation system,
while the second one used augmented reality to create an
engaging mobile collaborative and open environment where
students were learners and teachers at the same time, publishing
content and learning from the content published by other peers.
Keywords-component; mobile learning, augmented reality,
collaborative learning, engineering education, ubiquitous
anotation.

I.

INTRODUCTION

Mobile learning is slowly changing the way people learn.
This new methodology is penetrating education using different
technologies, such as e-books, mobile learning management
systems, mobile social and collaborative tools, or contextaware applications that offer personalized contents depending
on the user’s location and profile [1].
Both LSI (Languages and Systems Department) and
DIEEC (Electrical and Computer Engineering Department)
research groups at UNED have carried out a variety of
experiences using mobile devices to support learning.
One of the experiences with a K12 group of students was to
provide ubiquitous annotation of out-of-school activities using
mobile devices, considering the experience as a way to
collaboratively generate learning objects and label them on site.
Another experience included the use of mobile augmented
reality to enhance engineering learning through a platform that
allows any student to collaborate in the acquisition of
knowledge.
II.

UBIQUITOUS ANOTATION

In a ubiquitous learning scenario students can be engaged
in long term activities, both individual and collaborative, in
different scenarios (classroom, home, computer lab, field trips,
etc.) and involving several topics and subjects [1]. In those
circumstances technology must support the use of several
applications of different kind (web, stand-alone). In this section
an educational networking platform is presented, including a
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variety of mobile devices, computer tools, and connectivity
conditions. Users can create artifacts that are reused in other
tools, in other devices, or even with different students and
contexts.
The backbone of the technological infrastructure is a
Learning Object Repository (LOR), which manages artifacts
created from heterogeneous resources in a learning community.
It also provides a persistence mechanism, through web
services, and a web interface for the repository, offering group
and community navigation tools. Representative metadata must
be correctly assigned to the objects, in order to make easier to
search appropriate artifacts for the activities.
Another important mechanism is CARDS-Metamodel
application, which allows application interoperability and helps
to collect data and automatically fill metadata.
To illustrate those ideas, a real example with different
environments, tools and devices is depicted in Figure 1.
Several groups of K-12 students (1) collected data, with mobile
devices, about fauna and flora in a field trip to a Spanish
natural park (El Pardo).
Later, in the classroom and home, with that data as input
for other applications, they carried out other activities. Namely,
they had to (2) Complete the observations with more data (3)
Create collaboratively a visual composition, indicating the
most representative data over a map of the field trip, and (4)
Make an individual and collaborative concept map to link
observations to theoretical concepts.
Regarding data collection, CARDS permits to design
models of forms, such as observation cards to collect data or
questionnaires. These ones can be filled via a web interface or
by a mobile extension of CARDS (see Figure 2). The latter is
necessary in scenarios with a lack of internet connection, like
the field trip. A synchronization protocol with the LOR and
CARDS, in order to load and save Learning Objects is
provided in this scenario [2].
Each activity has its own tool to be carried out and each
tool generate a different kind of object. The LOR provides the
definition of Learning Objects types, customized metadata
models including the specification of the methods to create
descriptions for LO instances. Some of these metadata can be
obtained from the tool itself, some from a broader context.
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Figure 1. Scenarios and devices involved in a long term activity

The sources to annotate an object are: 1) Tool’s own
context 2) Default values 3) The portal context 4) The object
itself. In the first cases the different applications can fill
directly the metadata from their context information, for
example, the size of an image. To support the last case, without
the intervention of the tool, CARDS includes the possibility of
design, in a declarative way, a map between form fields and
metadata fields. Thus, the LOR can automatically obtain
metadata from the content. This way, instructional designers
can include several fields in the form, not directly related to the
observation, but to metadata. Therefore, the students provide
metadata without being aware of it. For example, a metadata
for a field trip observation could be “how was the weather?”
This one is not accessible from the context, but can be included
as a compulsory field in the card to be filled by the student.

students to propose their candidates to be add to the map. The
image and the proposals were showed with a digital
blackboard. In this activity the observations are geographically
situated. An alternative task can be to check the place decided
by the students with its actual location, using GPS information
metadata.

The next activity was completing the observations. Here,
the data, which was taken with the mobile application, was
completed by using the CARDS web interface, in classroom
and at home, usually with PCs. The field trip observations were
stored in the LOR as LO. So students, granted to modify those
objects, filled them with more data from different sources, for
instance, books or internet. The LOR has a versioning system
to keep the history and interactions of the objects. Thus,
collaboration is supported by refining the content and metadata
of Learning Objects. Figure 2 shows an example of a card
representing a “fauna observation”, a wild boar in this case.
Several data was filled with the mobile device and other
information, like Latin name or multimedia files (an image),
was added latter with a computer, searching on internet.
The next scenario was to create visual compositions in a
collaborative way. In this activity the students had to put the
completed observations, as icons, over an image representing
the field trip map. Mobile devices, in classroom, were used by
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Figure 1. Collecting and completing data
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Figure 3. General vision of the objects

The last activity took place in the computer room, using
PCs, and it was the creation of several concept maps to relate
the theory concepts with practical work [3]. Including
observations and compositions linked to concepts or relations
makes the learning objects be completed with more metadata,
related to theory in this case. The outcomes generated
previously with other tools are also explicitly interrelated and
described in a declarative and flexible way.
Finally, the tool interoperability is supported by CARDSMetamodel [4]. The outcomes of the educational tools are
modelized in a declarative way in cards; acting as an
‘interlingua’ between them [5]. This way, the result can be seen
using the CARDS interface, without the tool intervention. For
example, the students can see the visual composition from the
concept mapping tool, although its model is different to
concept maps and without using the composition tool.
Moreover, a tool can extract and use the content of other tool,
using a java library to manage cards. So, the output of one tool
can be the input of another one. For example, the tool to create
visual compositions needs an image acting as a composition
background. This one is stored in the LOR as a LO inside a
card. The composition tool can search in the LOR to load the
concrete image, extract the file from the card, and use it to
configure a new activity. In this scenario the objects can
aggregate their content and metadata to other objects, to create
more complex ones.
Figure 3 shows the educational tools used in the example.
The data collection tools generate an observation LO type, the
composition editor a composition LO type and the concept
mapping editor a concept map LO type. The content of those
LO is a card using CARDS-Metamodel.
The desired use of CARDS-Metamodel is a deeper
integration with educational tools with the rest of the software
environment.

978-1-4673-1456-5/12/$31.00 ©2012 IEEE

This way, external tools, not directly designed to be used in
e-learning scenarios, are able to interact with a repository and a
learning management system (LMS). For example, a tool to
create movies can modelize its result (a movie file) with a card,
including more fields to include metadata. In other special card,
the tool developer can describe the LOR were the result has to
be stored or the social data (user, activity, etc) from a LMS.
Thus, the result is annotated with metadata, including the social
data, and stored in a LOR to be accessible from another tool,
with little effort to developers not related to eLearning.
III.

AUGMENTED LEARNING

One successful context-aware application is mobile
augmented reality. This technology incorporates the benefits of
context-aware applications but including more visual and
interactive functionalities. Augmented reality basically merges
information or images with video stream from a webcam or
mobile device camera [6]. This can be considered a step
beyond data mashup. The result is similar to virtual reality but
uses real-world images in real time. This technology can be
applied to some of the many potential revolutionary
applications in education, including the study of architecture,
art, anatomy, languages [7], decoration, or any other subject in
which a graphic, simulation or 3D model could improve
comprehension [8]. Augmented reality could also be used
together with QR codes in books to create augmented books in
which images or simulations could complement the book
content [9].
This article introduces the use of mobile and context-aware
augmented reality to enhance engineering education. Authors
have created a mobile-enabled platform that allows any student
learn engineering concepts in-the-place using augmented
reality. For example, a student can learn the different parts of
an electric central by pointing with the mobile device to it.
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Thus, the knowledge acquisition is higher and quicker,
because the student is really seeing what is studying.
In addition, the platform allows any student to contribute to
the project, by adding new content and knowledge to the
application, so that other students can benefit from their peers’
knowledge (Figure 4).
The use of this application in engineering education
provides a bidirectional communication channel between
teachers and students. Thus, this is a project that may be
considered as part of the mobile Web 2.0 due to its
collaborative features (Figure 5).
The platform serves knowledge about 20 interesting spots
related to electrical engineering in Spain, including:


Hydroelectrically plant



Thermo-solar plant



Wind farm



Renewable Energy Parks



Thermal plant



Nuclear plant



Solar farm

Currently, the project is freely available thorugh Layar
since May 2011 for Android phones, iPhone 3GS and 4, and
Blackberry 7 and Symbian phones. The project analytics shows
that it is being widely used in Spain, with frequent use every
week since the start-up.
In addition, this mobile learning application is being tested
with 50 students from the Environment Sciences Grade of
UNED, with a very positive initial evaluation.

Figure 5. Screenshot of the augmented reality environment at UNED

IV.

CONCLUSIONS

Ubiquitous learning involves different applications, devices
and scenarios. This kind of learning fits with the socioconstructivism paradigm, where students learn from their own
experiences. To support them an educational network used in a
real example was showed is this paper.
Observations taken on a field trip with mobile devices can
be reused and completed in other activities in the classroom
and at home. A LOR and a metamodel to allow tool
interoperability are the backbone that permits to reify the tool
results as learning objects along with complex metadata,
including automatic generated.
On the other hand, the use of mobile augmented reality
applications for education can help students to learn outside of
the classroom. Informal learning is called to play an important
role in the future education, as meets the long life learning
paradigm.
These kind of mobile and ubiquitous experiences applied to
distance education students can complement the way the
students learn.
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Figure 4. Web page where students can add more points of interest to the
application.
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