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Abstract. Multimediality and multimodality have demonstrated significant
potential supporting students in learning activities; providing them with multi-
modal interaction can be a crucial issue for improving accessibility to the mul-
timedia contents in learning environments. In fact, involving multiple input and
output modalities enables a broader spectrum of users with different ages, skill
levels and abilities to access these contents. In this paper, we present AMPLE,
an advanced multimodal platform for e-learning that provides users with a mul-
timodal access to an educational social network. The platform is based on a
distributed architecture that integrates social networking technologies and mul-
timodal facilities, enabling a collaborative learning experience to learners.

Keywords: Learning environment, Multimodal interaction, Web 2.0 networking
technologies, Social networks.

1 Introduction

The use of Web 2.0 social networking technologies, such as chatting, blogging and text
messaging, enables users to share personal information, connect themselves with other
users, edit and upload multimedia contents including video, audio and even 3D data.
These technologies have the great potential to support formal learning contexts, as they
provide a new form of engagement that is participatory and collaborative. They can be
used to facilitate collaborative problem solving, to share course materials, to follow
interactive lessons, and to promote peer-to-peer interaction. A series of experiments [1]
[2] demonstrated the usefulness of multimediality in supporting students in their learn-
ing activities. Multimedia learning contents are more easily and intuitively accessed if
available over several channels, and offered in a multimodal fashion.

This paper describes our effort in improving the access to multimedia learning con-
tents through an Advanced Multimodal Platform for e-LEarning (AMPLE). The plat-
form supports multimodal access to a multimedia repository, enabling the retrieval,
editing and sharing of multimedia contents in an educational social network.

The remainder of the paper is structured in four main sections. Section 2 summa-
rizes related works on social networking technologies, learning and multimodality.
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The third section provides details of the proposed advanced multimodal learning envi-
ronment. In Section 4, a case study is described, which explains the functioning of the
system. Section 5 concludes the paper.

2 Related Work

The social networking technologies in educational environments can support learning
and exchanging ideas, knowledge, skills, experience, and competencies. The communi-
cation and the collaboration are efficiently supported by the use of technology results
and the development of more efficient forms of education. The use of technological
media and tools provides learning environment where teachers and learners are sepa-
rated by time and/or space. In this environment education takes place in a virtual learn-
ing environment that can be viewed as a software system designed to support teaching
and learning by tools, such as discussion forums, blogs and whiteboards.

Several works in the literature investigate the use of social networking technologies
in educational environments [3] [4] [5] [6], proving the growing interest in this research
area. As Zane Berge [7, p.28] argued, “the trend in online education is toward a Web-
based, desktop, virtual classroom - the result of text-based e-mail, mailing lists, confer-
encing and chat functions as well as the video, graphics, and audio channels that deliver
interactive multimedia over the Internet”. An example of educational environment,
offering several learning tools to the community members, such as synchronous chat
rooms, threaded discussion boards, whiteboards, file and public link sharing, is Educa-
tional MUVES [8]. Another example is the educational social network proposed by
Varlamis and Apostolakis [9], which provides a knowledge base for the educational
material, a profile base for the storage of learners’ history and a collaboration environ-
ment for the communication and participation in synchronous activities.

In the attempt to improve accessibility to multimedia learning contents, multimodal
interfaces are a powerful tool that facilitates the access to the different contents. Many
research studies [10] [11] [12] emphasize the advantages of multimodal interfaces,
compared to traditional graphical user interfaces, since they make human-computer
communication more intuitive, natural and efficient, enabling a broader spectrum of
users with different ages, skill levels and abilities to access to computational systems,
and increasing the level of freedom offered to users. In the literature, various multi-
modal learning environments have been proposed [13] [14] [15]. MultiLezi [13] al-
lows users to access to teaching materials across various channels, devices (the Web,
the telephone, and hand-held devices) and contexts and with different modalities
(speech, mouse and keyboard). It provides, indeed, a multimodal interface for access-
ing learning contents using a standard point-and-click interaction paradigm integrated
with vocal commands. AmbiLearn [14] is another example of multimodal learning
environment devoted to provide educational contents to children by using a combina-
tion of speech and pen input. Client server architecture has been used in AmbiLearn
for supporting multiple users within the learning environment. Differently from Am-
biLearn, the multimodal learning environment, called LEMMA [15], provides also an
authoring system that enables teachers to develop and evolve multimodal learning
content, in addition to an interactive environment that enables students to access these
contents by speech, written text, and 2D/3D imagery.
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The examined multimodal learning environments have a set of advantages and
drawbacks, which are summarized in Table 1. In MultiLezi, a personalization of the
multimodal interaction occurs, since multimedia content can be navigated and
accessed, according to the characteristics of the user detailed in the user profile. How-
ever, it cannot be exploited in a social networking environment since it does not sup-
port multiple users. Moreover, it is addressed mainly to learners, since it does not
provide an authoring environment that allows teachers to edit learning material, but
only an interactive learning environment that enables students to access to learning
contents. This drawback can also be found in AmbilLearn. Moreover, this system
relies on the kind of supported modalities, which are only speech and pen-based ges-
ture, without the possibility to visually interact with the system. However, AmbiLearn
is the only examined system that provides a client server architecture that enables
multiple users to access and collaborate within the learning environment. LEMMA,
indeed, is the only examined environment that provides an authoring environment,
which allows teachers to edit learning material. Moreover, similarly to MultiLezi, it
enables a personalization of the multimodal interaction allowing users to adjust pres-
entations according to their preferences. The main disadvantage of LEMMA relies on
its inability to support multiple users and, consequently, collaborative learning tasks.

Table 1. Advantages and drawbacks of the examined multimodal learning environments

MULTIMODAL LEARNING ENVIRONMENTS

MultiL.ezi AmbiLearn LEMNMA
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= personalize the collaberative learning autheoring
) raultimodal tasks enwironment for
: interaction to the editing multimedia
= features of the user contents
f" + Tt allows to
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;. multimedal

interaction to the
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) collaborative learning | authoring enwironment collaborative leaming
] tasks for editing multimedia tasks
; It does not prowvide contents
o an authoring + It does not support
:; environment for the wisual input
:& editing multimedia m odality, but only
= contents speech and touch

The learning environment proposed in this paper joins together the advantages of
the examined multimodal learning environments, trying to overcome most of their
drawbacks. In particular, the proposed environment, similarly to AmbiLearn, follows
a distributed architecture where learners and teachers can access the server from their
own devices (laptops, as well as mobile devices), supporting collaborative learning
tasks. Moreover, analogously to MultiLezi, our environment provides authoring func-
tionalities and the possibility to personalize the multimodal interaction to the features
of the user. A detailed description of the proposed learning environment and its func-
tionalities are given in the following sections.
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3 The Advanced Multimodal Platform for e-LEarning

The investigation of existing learning environments, provided in the previous section,
leads us to believe that a distributed architecture, networking technologies, and mul-
timodal facilities have to be integrated to enable a collaborative learning experience to
learners. Therefore, in this paper an Advanced Multimodal Platform for e-LEarning
(AMPLE) is presented, which enables the retrieval, editing and sharing of multimedia
contents in an educational social network through a multimodal interface. This plat-
form allows efficiently managing multimodal communication between people, par-
ticipating in an educational social network.

In the following sections, the architecture of the proposed platform and its func-
tionalities are described.

3.1 AMPLE Architecture

AMPLE is based on client-server architecture as depicted in Figure 1. A similar archi-
tecture has been proposed in our previous work [16], more focused on supporting the
interaction in a gamed-based learning environment.

Each person (i.e. learner and teacher) can access to AMPLE from its own device
that is equipped with a multimodal interface. Therefore, an AMPLE client includes
specific I/O devices, such as, for example, display, cameras, microphone, and loud-
speakers, as well as the components for extracting features from the received signals.
The feature extraction occurs on the client side, since it requires limited amount of
memory and computational power, whilst the recognition processes, which consist in
matching the extracted features with a predefined set of patterns, are executed on the
server. The multimodal interaction management and the educational social network
are provided on the server side.

The multimodal interaction management, whose architecture has been proposed in
our previous work [17], is responsible for recognizing unimodal input coming from
the features extractors of each modality, appropriately interpreting these inputs, inte-
grating these different interpretations into a semantic interpretation, and understand-
ing which is the better way to react to the interpreted multimodal request by activating
the most appropriate output devices. This component includes:

e the unimodal input recognizers, such as, for example the Automatic Speech Rec-
ognizer and the gesture recognizer, and the output generators, such as the Speech
Synthesizer;

e the multimodal interpreter that integrates the recognized inputs, and applies the
production rules stored in the Multimodal Grammar Repository, to parse the mul-
timodal input;

e the modeling components, that are aimed at capturing some information used
during the interpretation phase for leading up to the most probable interpretation
of the user input (e.g. user, content and context modeling components);

e the multimodal output manager for generating appropriate output information,
through the available output modalities (multimodal fission).

A user can interact with AMPLE for retrieving, editing and sharing multimedia con-
tents within the educational social network. For instance, the user can ask information
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about the topic of a multimedia document by using speech in combination with
sketch, handwriting, or pointing gesture that complete the meaning of the speech
sentence. When the multimodal message is interpreted, it is sent to the educational
social network in order to accordingly activate the AMPLE learning functionalities.
Analogously, the multimedia information required by the user is sent to the multimo-
dal output manager that allows visualizing it by using the appropriate output devices.
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Fig. 1. Architecture of the Advanced Multimodal Platform for e-LEarning

The educational social network consists of two main components: the learning
management system and the user information management. The learning management
system has three components:

e Information retrieval Module that supports advanced indexing, search and re-
trieval methodologies for all content types based on semantic tagging. The multi-
media learning contents are stored in a networked repository and are accessible by
the multimodal interface. This networked repository provides facilities to store the
following types of multimedia content: text, images, different formats of audio
content, different forms of video content, Macromedia flash movies, Power-point
presentations and others.

e Authoring environment that supports multimedia data management, including
multimedia content editing, integration, and synchronization. The contents are ed-
ited, uploaded and managed by the multimodal interface. Once created or edited,
multimedia contents are stored into the networked repository.

e Web 2.0 Module that provides social networking services, such as blogs, wikis,
and web-based communities, for supporting students in the learning activities.
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In particular, these services can be used for stimulating social real time interaction
among students but also between teachers and students. For instance, blogs and
wikis are useful tools for online discussions and forums, while video-sharing web-
sites provide the possibility to upload video-based tutorials that can be shared with
other students.

The user information management is another module of the educational social net-
work, devoted to store and manage personal data of network members. In particular, it
provides controlled access to the network and to user information, such as personal
profile (user’s interaction behaviors), contents and contacts. These data are contained
in three networked repositories. The user information management cooperates with
the learning management system, particularly, when new multimedia learning con-
tents have to be edited from personal contents, as well as the user searches for infor-
mation contained in the personal profile.

3.2 AMPLE Functionalities

AMPLE combines the features of the multimodal systems with the e-learning envi-
ronments functionalities. The multimodal interaction environment allows easily ac-
cessing contents using different interaction modalities according to the contexts and
user knowledge contained in the Modeling components.

The client side consists of the Multimodal Interface that was designed for allowing
the use of different interaction channels in order to edit and retrieve educational mate-
rials and to post messages. Information, which are extracted by the modal features
extractor of the client, are captured and recognized by the Recognizers of modalities,
and combined using the Multimodal interpreter employing the multimodal grammar.

In the server side, the multimodal interaction management, combined with the edu-
cation social network (see Figure 1), provides several functionalities to support the
learning process. The retrieval of multimedia contents is enabled by the information
retrieval module and it can be performed using different modal inputs thanks to the
functionalities of the modules that compose the multimodal interaction management.
This process is supported by information about personal profile and contents obtained
by the user information management module. Moreover, comments and messages can
be posted using different interaction modalities and the Web 2.0 module. The interaction
process is customized adapting interaction to the user profile, context and available
modalities, which are information contained in the modeling components. The authoring
environment manages data formats and low-level representations, and it ensures consis-
tency of the learning contents. Moreover, it enables the author of learning content to
easily write and modify contents through a multimodal user interface, and the learner
cannot use contents before the author has given permission. The fruition and the visuali-
zation of information are provided by the multimodal output manager that supports
several views of the contents, as described in Section 4.

4 A Scenario to Access Multimedia Learning Contents

AMPLE can be usefully applied to support the fruition of multimedia learning materi-
als by multimodal interaction, and it is based on the visualization system proposed in
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[18]. In AMPLE, the multimedia contents are collected in order to offer and integrate
different visualization views by using the multimodal output manager according to
the user’s purpose. In particular, it provides the possibility: to cluster multimedia
contents, depending on media types in which they are available, through the author-
ing environment; to visualize them on a map according to the landscape metaphor,
and to provide a visual representation of the temporal evolution of the media types of
the multimedia contents through the multimodal output manager. In particular, let us
suppose that risk management materials concern: forests fire, extreme floods events in
large river basins, earthquake, governance for hospital and health due to e-
commerce. Those materials are available in different media types: text, image, sound
and video. The user accesses the AMPLE system by using the functionalities of the
multimodal interface.
Let us suppose that the user says by speech:

“Show me information about this topic”

and she/he selects the icon connected with the risk management materials by gesture.
The multimodal interaction management recognizes unimodal inputs, which come
from the modality features extractors, and it reacts to the interpreted input (by the
multimodal interpreter) providing the visualization of the multimodal learning con-
tents considering media types by which they are provided according to the landscape
metaphor (see Figure 2.a). In the example shown in Figure 2.a, material about forest
fire risk management is available by video, image and sound, while learning contents
about earthquake risk management is available by video, text and sound.

In order to analyze the accessibility levels of the multimedia learning contents, the
visualization focuses on class of media types showing them as 3D half-ovoid solids
having circular horizontal sections. The visualization allows displaying colored areas
that represent classes of media types and a specific learning content is placed in the
landscape. The width of each area of class of media types is proportional to the num-
ber of multimedia learning contents that are provided by the specific media type. The
height of the position, associated with each multimedia content on the ovoid, reflects
the media access level of the multimedia content according to the media types. There-
fore, isolines in the landscape identify levels of media access of multimedia contents
in the classes of media types. The multimedia content that has the higher value of
media access level according to media type is located in the higher position on the
solid visualizing the specified class of media types. Moreover, each multimedia con-
tent can be provided by more than one class of media type. For example, Figure 2.a
shows three multimedia contents (Forest fire, Hospital, and Health due to e-
commerce) that can be provided by image (yellow ovoid). In this figure, the multime-
dia content Forest fire is also provided by video and sound (visualized using black
edges). This visualization of the educational learning contents considering media
types can support the analysis of available learning contents about risk management
materials in an educational social network. It enables users to detect which contents
are available through specific media types in order to evaluate which channels can be
used to access to the document. This functionality is originated from the fact that,
frequently, the needed contents are not available by different media types and only
specific channels can be used to access them.
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Fig. 2. Possible visualizations offered by the AMPLE system: (a) Multimedia contents, visual-
ized according to the media types, and their access level; (b) Visualization of the evolution of
the earthquake contents according to the media types at time t, t+1, t+2

The presented visualization can be also usefully applied to find out which are the
people who have edited the multimedia learning contents, and to establish a direct
connections with them creating shared awareness by the Web 2.0 module of the
AMPLE system. In this case, the dimensions are: 1) the 3D virtual representation of
colored ovoids that represents the available multimedia learning contents; 2) people
who have edited content, which are positioned in different points of the ovoid accord-
ing to the number of multimedia learning contents they have edited in the network.
The person who has inserted the higher number of multimedia learning contents is
positioned in the higher position on the ovoid.

Moreover, AMPLE offers the possibility to visualize the evolution of the media
types of the multimedia contents during the time (see Figure 2.b). In fact, a further
dimension, which can be visualized alternatively to the media access level, is the time.
For example, let us suppose that a user says by speech:

“Visualize the temporal evolution of the kinds of media by which I can access this
material”

and she/he simultaneously points the icon of the content about earthquake on the
touch screen display. The multimodal interaction manager interprets and recognizes
the input, and the educational social network retrieves the information requested by
the user. This information is presented by the multimodal interface, displaying the
evolution over time of earthquake content according to the media types by which it
has been provided. Figure 2.b presents the transformations of the media types at time
t, t+1, t+2. This figure shows the evolution of multimedia earthquake contents, which
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at the time ¢ are provided by video, text and sound, and at the time t+1 by video, text
and image due to the fact that sound contents have been changed into video and image
contents, and some fext contents have been also changed into video contents. Consid-
ering time 742, the figure shows that the video contents increase because both fext and
image contents have changed into video.

Information obtained from the sequence of temporal layers allows analyzing how
the media types of the learning contents are evolving during time. The evolution of
the media types of learning contents is due to the feedback from users’ interactions,
and it points at fitting the users’ needs [19]. Therefore, analyzing the changing of
media types allows understanding the transformation of the user interaction behaviors
in the fruition of learning contents.

5 Conclusion and Future Work

The spreading of the Web 2.0 social networking technologies has offered great sup-
port to formal learning contexts improving the processes of knowledge building,
working together, information sharing and problem solving. In this paper, social net-
working technologies for learning environments have been combined with multimo-
dal interaction functionalities in order to access multimedia learning contents. Starting
from an overview of the main features of social networking technologies and an
analysis about how multimodal interaction supports the access to multimedia learning
contents, the AMPLE has been designed in order to efficiently support multimodal
communications among people in a community and the participation in educational
social networks. The client-server architecture of the AMPLE system has been de-
picted describing the client side composed of the multimodal interface, and the server
side made up of the multimodal interaction manager and the educational social net-
work. Examples of the functionalities provided by this system have been described
focusing on the visualizations offered by this system.

The presented system has been tested and evaluated in the scenario of scientific
seminars participation, organization and management involving 77 people, with ages
from 25 to 65. All the participants answered to a questionnaire to investigate the us-
ers’ satisfaction on the proposed system in order to express a qualitative evaluation. It
consisted of a short interview that involved all the participants. The evaluation of the
proposed system has produced very satisfactory results both, in term of stimulating
social networking and in term of users’ satisfaction. An interesting task for future
work is the evaluation of the system by comparing the usability of AMPLE with other
existing learning environments. Such a comparison will provide possible improve-
ments on the system.
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