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1 Introduction and background

The recent uptake of mobile devices has made access to personal social networks
available nearly anywhere, anytime and anyplace (Rheingold, 2002; Castells et al., 2007).
Mobile messaging can be considered as one of the first “killer applications’ for mobile
devices that has already been introduced several years ago. Different studies have
demonstrated the new possibilities of messaging and their potential for learning
support as for inclusion, engagement and mobile support (Riordan and Traxler, 2005;
Mitchell et al.,, 2006). In recent studies, the impact of this new technology on
communication and learning in the younger generation is described as highly relevant
for new forms of learning support (Green and Hannon, 2007). With the introduction
of new multi-faceted mobile devices, the latest research aims at the potential of
mobile content creation and sharing, personalised and contextualised services or sense-
based and contextualised human—computer interaction. Additionally, with the current
trends in social software and new types of contextualised mobile technology like
presence sharing, contextualised messaging (www.jaiku.com), or sensor data sharing
(http:/lwww.apple.com/de/ipod/nike/run.html), technology is coming to end users from
which the authors expect to have great potential for everyday learning support.

Social software has its roots in research on Groupware and Computer-Supported
Cooperative Work (Greif and Sarin, 1986; Cockburn and Thimbleby, 1991; Grudin,
1994). Anderson (2005) states that social software has several applications and
characteristics that can prove useful for learning support: presence tools, notification,
filtering, cooperative learning support, referring, student modelling, introducing learners
to each other, helping others and finally documenting and sharing constructed objects.

Especially, educational blogs have recently become a popular way of collecting
personal information and learning experiences (Oravec, 2002) and combine this with
reflection in a community. Mobile blogging as a mobile application for blogging provides
an instant way of accessing and collecting personal memories. Mobile blogging
applications for personal reflection or community building have been researched in
research projects in undergraduate and higher education (RAMBLE Project, 2006; Specht
and Kravcik, 2006).

In context-aware computing, a variety of notions of context has been discussed and
automatic possibilities for context detection, context matching, and sensors and tagging
for context have been researched (Abowd and Mynatt, 2000; Dey and Abowd, 1999).
Context-aware computing together with ubiquitous and pervasive techniques can result
in systems that adapt to user’s identity, preferences, location, environment and time
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(Gross and Specht, 2001; Zimmermann et al., 2005b; Specht and Kravcik, 2006).
For identifying and tagging in context-aware systems, a variety of new technologies is
currently developed. Classical tagging approaches for objects found in, for example, early
museum-guiding applications (Oppermann and Specht, 2000) are nowadays again a hot
topic with technologies, such as radio frequency identification (RFID) tagging, that are
already available or built into mobile devices.

In that sense mobile social software allows for the contextualisation to the
individual’s social and physical environment and enables new forms of learning support,
including: ubiquitous multimodal notification, ubiquitous multimodal messaging,
ubiquitous content exchange and sharing, contextualisation services or physical world
tagging. Furthermore, lifelong learning approaches in learning networks (Koper, 2005),
which investigate the support of informal learning activities and the integration with
formal learning, may benefit from these new kinds of technologies and their possibilities
for embedding learning experiences in everyday life.

The strengths of embedding learning support in authentic learning contexts have been
argued for quite some time in the educational literature (Wenger and Lave, 1991).
Combining the strengths of both mobile and context-aware systems and applying them to
educational systems can lead to contextualised learning support by utilising information
about the learner’s environment and adapting the learning content to that information, as
described in Zimmermann et al. (2005a). From a pedagogical point of view, the concepts
of reflection in action and reflection about action (Schén, 1983; Schon, 1987; Wenger
and Lave, 1991), and embedding learning support into communities of practice are the
basis of new approaches in mobile and social learning software (Bo, 2002; Specht, 2006;
Specht and Kravcik, 2006).

Recent studies on mobile learning have shown that already a variety of best
practices and approaches for using mobile devices to support learners is being applied,
nevertheless most of them are proprietary solutions lacking a sound pedagogical
approach and conceptualisation and also an open and flexible underlying infrastructure
(Tatar et al., 2003; Naismith et al., 2004). In addition to that, several challenges for
collaborative infrastructures for collaborative work environments are presented in Laso-
Ballesteros (2006). Among the challenges identified are: activity-oriented context-aware
collaboration features provided by the collaborative infrastructure supporting human
interactions, pervasive collaboration support and heterogeneous devices with embedded
collaboration capabilities. Context-aware mobile devices providing communication
and collaboration features could provide a solution for these challenges (Lundin and
Magnusson, 2002).

2 Mobile social learning in context

Recently, Sharples et al. (2007) in their theory of mobile learning stressed the importance
of conversations for learning. Conversations, they argue, are a key element for
constructing knowledge in collaborative tasks. Related to that, Wenger and Lave (1991)
have stressed the importance of collaborative learning and embedding the learner in
communities of practice. With the increasing mobility of people and the possibilities of
ubiquitous information access, the role of mobile devices in supporting learning also
increases. Moreover, mobile access to online learning communities and social networks
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would simplify user participation in and awareness about learning processes in a
community.

Additionally, still most social interactions take place in a real-world context and the
application of mobile devices supporting these interactions would provide opportunities
for an increasingly efficient community building, for example, turning an accidental
encounter into a learning moment. Already, social software in online environments
tries to employ the power of communities for more efficient or more knowledgeable
information processing. In that sense, Anderson (2005) has also emphasised the
importance of social software for learning. Additionally, Knight (2005) highlights
the importance of situated learning support by defining learning as a social practice in
which learners develop their identity through participation in specific communities and
practices. Mobile social software offers a learner the opportunity to become part of a
learning community and at the same time enables learning in authentic contexts. From
the author’s point of view, mobile social software applications combine virtual and
real-world support for social interactions and collaboration in a real-world context.

The importance of mobile social software for learning has also been supported by
recent research in a review of mobile technologies for learning. Nesta FutureLabs
(Naismith et al., 2004) described the underpinning of current mobile learning approaches
by common learning paradigms. Moreover, in Stead (2005) findings are presented
that learning works best for a learner and tutor if the mobile devices are combined with
group activities or other media. Additionally, learners themselves seem to be enthusiastic
about using the mobile devices for collaboration and communication. For example,
Smordal et al. (2002) found out that students were using the mobile devices as a
communication tool. The project concluded that the mobile devices used should be
seen as ‘potential gateways in complicated webs of interdependent technical and social
networks’.

To support this opinion about the importance of mobile social software for learning, a
review of the current state-of-the-art in the field will be presented in this paper. As a basis
for this review, the next section will present a classification of mobile social software
for learning for a number of reasons. Firstly, during classification a reference model is
derived that also can be used as a basis for future application of mobile social software
in the context of learning. Secondly, the classification should help to find out to what
extent social software for mobile learning has already been used to this date. Thirdly, a
categorisation helps us to identify gaps in current mobile social software research and
provide ideas for new community-based mobile learning software based on these gaps.
Fourthly, by considering mobile social software in general, we hope to find mobile social
software that can be applied in innovative approaches for learning. Finally, the state-of-
the-art presented here will help us to position our current research work in preparation of
several empirical studies and development of mobile social software for learning.

3 A classification of mobile social software for learning

As the research in mobile social software has a background in context aware and
ubiquitous computing as well as mobile learning research and social software, the authors
have considered different classification schemes from those backgrounds. Basically in
our classification we apply the following: content, context, purpose, information flow
and pedagogical model. The classification was applied on the literature, which mostly
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consisted of the papers of two major conferences in the field of mobile learning since the
year 2002: MLEARN and WMTE.

3.1 Content — describes applications based on the artefacts exchanged and
shared by users

A framework for analysing the features of mobile learning as well as mobile learning
systems is given in Sharples et al. (2007), where the authors distinguish between
a semiotic layer, for analysing mobile learning from the learner’s viewpoint, and a
technology layer for describing mobile learning from a technology perspective. For
both layers, the framework describes the same concepts: mediating artefacts, subject,
object, control, context and communication; the specific meaning of a concept,
however, depends on the selected layer. For example, the control dimension can describe
either human—computer interaction or social rules for technology or semiotic layers,
respectively. Furthermore, in the learning process the learner uses mediating artefacts and
objects. First, to analyse the mediating artefacts from a technological perspective, the
classification needs to analyse the mobile learning technology used, more specifically to
analyse the kind ubiquitous and pervasive system. The semiotic perspective identifies the
learning resources, the object and environment in which the learning is carried out. In our
analysis of the literature, the learning resources, we mainly found, were annotations,
documents, messages and notifications.

The MOBILearn project (Bo, 2002) combines multimedia content creation, content
delivery and stores context metadata about that content. Interestingly, the KLIV project
(Brandt et al., 2002; Brandt and Hillgren, 2003) delivered video content to Personal
Digital Assistants (PDASs) used by nurses and demonstrated the importance of the fact
that the content was created by the same user community even if the creation and the
usage of content were strictly separated. Another system that provides functionality for
content delivery is xTask (Ketamo, 2002). xTask adds the collaborative editing of content
and instant messaging for discussing the content to foster more dynamic content
production in collaborative distributed settings. Environmental Detectives (Klopfer et al.,
2002) is an example that along with content creation stores location metadata for the
content created; students take pictures in an outside setting to enhance the learning
experience in remote participation. A similar approach was taken in the RAFT project,
which demonstrated effects on classroom engagement and participation with the
integration of authentic learning materials from remote field trips (Bergin et al., 2007).

Mobile social software for content creation often also allows for making annotations.
A specific example is C-notes (Milrad et al., 2002), a solution for users to create textual
notes to annotate classroom presentations. The notes are created using a PDA or a special
pen to scan text and are stored in a group archive for later access or exchange with other
users. Along with each note some metadata such as author, date and keywords can be
stored. PhotoStudy (Joseph et al., 2005) annotates content with images or audio recorded
on mobile devices. Likewise, mobile Collaborative Learning Tool (mCLT) (Arrigo et al.,
2004) is also aimed at note taking, but adds e-mail or SMS communication to enable
users to instantly create and share live data and annotations. A slightly different approach
is presented in Jansen et al. (2005) that delivers content on a public display board
called SynchroBoard; most of the information on the board is public information, but is
adapted to individual users based on Bluetooth information from their mobile phones.
This enables personal perspectives on public content objects.
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Among the mobile social software considered a range of communication tools are
found, providing several different communication channels. For instance, the HandLeR
project by Sharples et al. (2002) supports direct voice communication, whereas Silander
et al. (2004) provide text-based communication via an instant messaging tool.
Conversely, the Musex system (Yatani et al., 2004) does not provide the means of
communication itself but focuses on enkindling face-to-face discussion. It does this by
using paired PDAs to inform two coupled learners about the correctness of their answers
to a certain question.

The WELCOME mobile client, described in Berger et al. (2003), sends SMS
notifications to university students whenever new material or new postings have been
added to the university’s e-Learning system. Furthermore, invitations to private learning
groups are also sent by SMS notification. Likewise, Silander et al. (2004) present a
system that sends notifications about whether or not content has been added to a shared
knowledge map. Liu et al. (2005) describe the use of SMS messages to inform students
about the collaborative activities of their peers. In most systems, notifications are used to
notify either about nearby people with matching interests (Eagle and Pentland, 2005) or
someone about the current activity of other persons.

3.2 Context — describes applications based on the context parameters taken
into account for learning support

The context dimension describes the kind of contextual information that is used in
the system; contextual information can be used to describe or derive information about
the user (describing, for example, the learner’s personal preferences), information
about the environment (describing the learner’s physical environment), or information
about the social context of the learner (describing the social relationships a learner is
involved in and the social networks the learner is part of). In community systems, the
context describes where a user is located within the community (boundary, centre) and
the number and kind of relations this user has with other users within the community.
In context-aware computing, a variety of notions and interpretations have developed
over the years. Zimmermann et al. distinguish between definitions by synonym or
definitions by example which mainly name and describe certain context parameters as
location, identity, time, temperature, noise, as well as beliefs, desires, and commitments
and intentions (Zimmermann et al., 2007). Furthermore, they introduce an operational
definition of context describing the following main categories of the context information:

¢ Individuality context includes information about objects and users in the real world
as well as information about groups and the attributes or properties the members
have in common.

e Time context, basically this dimension ranges from simple points in time to ranges,
intervals and a complete history of entities.

e Locations context is divided into quantitative and qualitative location models, which
allow to work with absolute and relative positions.

e Activity context reflects the entities goals, tasks and actions.

e Relations context captures the relation an entity has established to other entities, and
describes social, functional and compositional relationships.
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In our analysis, several possible types of context filters were identified including
identity/individuality, time, location, environment/activity and social/relations context.
Eagle and Pentland (2005) describe a system that sends notifications based on identity
information in user profiles and proximity information derived from a mobile phone’s
Bluetooth transmitter. The notifications are used to increase serendipity in social
relationships and to inform users about nearby users with similar interests.

Identity context is often also combined with other forms of context. One specific
example of such a combination is given by Ogata and Yano (2004b) who present
‘Collaborative Learning support system with a Ubiquitous Environment’ (CLUE), a
system for learning English in real-world situations. CLUE uses (1) a learner profile to
adapt the learning content to the learner’s interest and (2) location information to link
objects/locations to suitable English expressions, i.e. appropriate learning content.
Likewise, Bo (2002) combines a user profile and user position, to facilitate personalised
and location-based information delivery. AwarePhone (Bardram and Hansen, 2004) uses
several context-parameters at the same time. First of all, location is used to locate fellow
employees within the hospital. Second, a calendar artefact is used to capture and share
time context and also indicates the activity of a user at a certain moment. The activity is
furthermore given by a shared status message. The combination of these three context
parameters leads to what the authors call ‘context-mediated social awareness’.

Environmental context information is used in several systems, most notably
QueryLens (Konomi, 2002) which focuses on information sharing using smart objects.
Moreover, the TAco Next Generation Object (TANGO) system (presented by Ogata and
Yano, 2004a) and the Musex system (Yatani et al., 2004) detect objects in the vicinity by
using RFID tags. Moop (Mattila and Fordel, 2005) couples a Global Positioning System
(GPS) location to observations/information gathered in the field for later analysis in the
classroom. Wallop (Farnham et al., 2004) allows its users to discover social relationships
and provides social awareness by storing and analysing social context information; to
derive the social context communication patterns, system interactions and co-occurrence
information were analysed.

3.3 Purpose — describes applications according to the goals and methods of the
system for enabling learning

Richter and Koch (2007) define three main purposes of social software: identity
management, information sharing and relationship management. Hence, social software
applications can be described according to their focus on information management
(Wikis, Blogs), identity management (Weblogs, Portfolio Systems), and relationship
management (Networking Platforms, IM Applications). In combination with learning,
Anderson (2005) identifies several different purposes for social software: presence
tools, notification, filtering, cooperative learning support, referring, student modelling,
introducing learners to each other, helping others, and finally documenting and sharing
constructed objects.

A main purpose found in social software systems for learning support is sharing
content and knowledge among a community of users. Interactive Logbook, presented
in Bull et al. (2004) and Chan et al. (2005), is a shared workspace system supporting
mobile learning with mobile access to documents and handwritten editing of content.
A variety of learning management systems extend their basic functionality with services
and software for mobile access (Bo, 2002; Vavoula and Sharples, 2002; Houser and
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Thornton, 2005). Besides the sharing of content, some approaches also provide facilities
for the collaborative annotation of content and note-taking, where personal messages can
be attached to the learning content to facilitate personal or community reflection, as for
example in C-notes (Milrad et al., 2002).

One of the most popular classroom scenarios is a mobile social tool that facilitates
discussion and brainstorming. Mobile notes (Bollen et al., 2006) facilitates brainstorming
and discussion via different kinds of annotations and voting. Ng’ambi (2005) presents a
shared knowledge approach called DFAQ - a mobile social system for Dynamic
Frequently Asked Questions. Yet another kind of solution aims at collaborative concept
mapping, for instance Perkamll — a knowledge awareness map for sharing knowledge,
collaborating and sharing individual experiences (El-Bishouty et al., 2006). Perkamll and
QueryLens (Konomi, 2002) additionally use real-world objects tagged with RFID to
interact with real-world contexts. Mobile recommender systems like Movielens
Unplugged (Miller et al., 2003) give access to community-generated metadata about
movies, enable instant connection to real-world objects, and develop a community rating
and review of the described movies.

Another group of systems mainly aims at social awareness. Several different types of
awareness can be identified. Nova et al. (2005) have researched the impact of location
awareness on collaborative task performance. Another example for a technical solution of
location-based campus support has been given in Ferscha et al. (2001). A related but
more extensive system is presented in Eagle and Pentland (2005), which combines
location and interest-based awareness, and should increase serendipity. In this example,
location is coupled to a similarity in user profiles to notify people when someone with
similar interests is nearby. Messeguer et al. (2006) describe a system that uses location
information in a classroom for group awareness and identification group structure.
Conversely, Kajita and Mase (2006) bring forward a classroom system that makes the
teacher aware of current problems and progress of students. Furthermore, Bardram and
Hansen (2004) describe AwarePhone, a system for activity awareness in a hospital.
AwarePhone displays the current activity of a doctor and can be used by nurses to find
out an appropriate moment to interrupt him or her.

Another purpose is to guide communication and provide a central place for it. An
example is given by Farnham et al. (2004) with their Wallop system designed for
maintaining and extending of a user’s social network; it provides a central place for
people to contact each other. Additionally, most of these communication systems try to
bridge the gap between geographically dispersed people to include them in collaborative
processes. Raymond et al. (2005) present a synchronous communication application
(instant messaging, audio and video conferencing) that also provides collaboration
facilities like a white board. Similarly, the HandLeR project (Sharples et al., 2002) offers
conversation between mobile learners to support knowledge sharing between them and
teachers, experts and peers.

Mobile collaborative games are good examples for enhanced engagement and
immersion of users and learners by embedding them in real-world contexts. In education,
games are mostly used to motivate students and to increase their participation (Mitchell
and Savill-Smith, 2004). Locatory is a mobile multi-user game (Unger, 2005; Zielke,
2005) which implements a ubiquitous version of a memory game in which two
competing teams, each consisting of two collaborating people, should find the tiles
corresponding to each other and which are spread throughout an office environment. In
Human Pacman (Cheok et al., 2004), the participants play the characters of several



126 T. de Jong, M. Specht and R. Koper

pacmen and ghosts, and have to collaborate to obtain virtual cookies or capture pacmen,
respectively. Environmental Detectives (Klopfer et al., 2002) is an example of an
educational game that lets groups of students investigate a simulated pollution scenario
by combining real-world and virtual data.

3.4 Information flow — classifies applications according to the number of
entities in the systems information flow

The information flow between users and other entities within a social software system is
described by several parameters. Johansen (1988) portrays a groupware software
typology that makes a distinction between two values of place (same, different) and time
(same, different). By combining different values of place and time, different ways of
interacting and hence different kinds of systems can be analysed. When, for instance,
both place and time are the same, a face-to-face meeting as a way of interaction suffices.
However, the interaction between people is synchronous and distributed when they
meet at the same time, but are not located at the same place; an interaction pattern
that, for example, appears in videoconferences. Earlier in the paper the contextual
parameters of individuality, locations, time, environment/activity and relations context
were mentioned. The influences of place and time can be perfectly modelled by using at
least two of these contextual parameters, location and time, and therefore will not be
considered here.

Another aspect governing the information flow is the relationships between users and
other entities in the system. The relationships can be described using a ratio relating the
number of users or entities on either side. The ratio identifies the number of relationships
possible. The following values are identified for the ratio describing the information
flow: one-to-one, one-to-many, many-to-one and many-to-many.

An example of a one-to-one flow of information is the system in Liu and Kao (2005)
that uses shared displays in a classroom to support collaborative learning. Also the social
awareness systems that rely on serendipity to introduce familiar strangers to each other
provide a one-to-one communication.

The information flow in classroom response systems, as for example Chen et al.
(2005), is often many-to-one; the students in the classroom communicate with the
teacher. However, classroom response systems provide the teacher with an awareness of
problems students have and therefore are also aimed at providing better one-to-one
relationships. For direct one-to-one communication in a classroom technical support is
often not needed because it is mostly face-to-face. Related to a classroom response
system is “Ask the Author’ (Deng et al., 2005), a conference system that supports people
in a conference audience asking the author questions. The mobile system only provides a
many-to-one information flow by allowing the audience to post questions to the author
via their mobile devices; the author then can answer the question face-to-face, providing
a one-to-many information flow.

Some systems integrate multiple information flows. C-Notes (Milrad et al., 2002), for
example, integrates many-to-one (students to teacher), one-to-many (student adds
interesting articles and notes to the system, readable for others as well) and many-to-
many (content can be added by more students and viewed by more).
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3.5 Pedagogical paradigms and instructional models

Naismith et al. (2004) in their review of mobile learning identified several theory-based
categories of activity that are relevant for the design of mobile learning: behaviourist,
constructivist, situated, collaborative, informal and lifelong, and learning and teaching
support. Mainly in the classification, we will focus on the different pedagogical
paradigms of behaviourist, cognitive, constructivist and social constructivist approaches
found in the literature. Collaborative learning support, however, is used throughout all
mobile social software for learning considered in this review. Therefore, this subsection
analyses the other pedagogical models that have been applied in combination with the
collaborative one.

Behaviourist approaches on learning are the foundation of most notification systems.
Notification systems often want the learner to respond in a certain way according to the
notification. The stimulus of the notification leads to attention to a certain event in the
learning process. For example, in Eagle and Pentland (2005) notifications are used to
introduce people with similar interests to each other to highlight a learning opportunity.
Moreover, the more standard form of notification systems (Berger et al., 2003; Silander
et al., 2004; Liu et al., 2005) wants the user to react on or learn about some peer activity
being performed.

Constructivist approaches like MediaBoard (Colley and Stead, 2004) create a mobile
accessible working space aimed at fostering interaction in a community of practice
(Wenger and Lave, 1991). Annotation tools like Mobile Notes (Bollen et al., 2006) used
in brainstorming sessions are often also designed from a constructivist point of view.

An example of situated learning support is the RAFT project that aims ‘to provide a
cooperative learning environment spanning field trip and the classroom’ (Hine et al.,
2003). Likewise, Silander et al. (2004) combine situated learning in the form of a field
trip with students available in a classroom. Similarly, Mattila and Fordel (2005) and
Paredes et al. (2005) also discuss a system aimed at field trips combined with a classroom
discussion about the results of the field trip afterwards.

Informal and lifelong learning approaches are encountered in some systems.
QueryLens (Konomi, 2002) is an example of such a system, in which a community of
interest develops around real-world content, in this case music. Another platform
specifically aiming at lifelong learning support is KLeOS (Vavoula and Sharples, 2002)
allowing users to structure their learning activities, resources and knowledge to support
learning anything, anywhere, anytime.

Most examples of learning and teaching support considered in this review are to a
large extent applied to formal learning. Chen et al. (2005) present a classroom response
system that allows students to respond to questions asked by the teacher. Saito et al.
(2005) assist teachers in basic administrative tasks, like monitoring students’ attendance,
but also fosters collaboration between students.

4 A reference model for mobile social software for learning

The previous subsection identified the dimensions of a reference model for mobile social
software for learning. Moreover, for each dimension a range of possible values has been
identified. The reference model has been used to classify already existing applications of
mobile social software for learning. However, it can also be used as a basis for future
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applications. For example: an already existing social software system can be analysed
and extended to a context-aware one, using this model. An overview of the reference
model for mobile social software has been shown in Table 1, which combines each of the
identified dimensions with its possible values.

Table 1 A reference model for mobile social software for learning

Pedagogical
Content Context Purpose Information flow  model
Annotations  Individuality Sharing content and One-to-one Behaviourist
context knowledge
Documents Time context Facilitate discussion One-to-many Cognitive
and brainstorming
Messages Locations context ~ Social awareness Many-to-one Constructivist
Notifications Environment or Guide communication  Many-to-many Social
activity context constructivist
Relations context Engagement and
immersion

Figure 1 shows a graphical representation of the reference model that gives an overview
of how all concepts in the reference model are related. This is illustrated with an example
application of a location-based document sharing. In the artefact layer, the different
content considered is shown for the example application a user connects a physical object
(1) with a document (2) and defines the connecting context (1). Furthermore, he specifies
a location trigger for notifying other users (3) when they interact with the physical object.

Figure 1 A graphical representation of a reference model for mobile social software for learning
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If other users interact with the object, notifications (4) and a document sharing process
will be triggered (4). The reference model includes all necessary means to describe
the content, context, and relationships included, and also gives a framework for the
instructional models based on different pedagogical paradigms.

5 Summary: trends in current state-of-the-art

In the preceding sections, the current state-of-the-art for each dimension of the reference
model was described. In this section, a summary of the trends for each dimension will be
given as a basis for the analysis of the limitations in the next section.

The wide range of systems aimed at sharing content and knowledge has its impact on
the dimension that considered the types of content available in mobile social software.
Most of the mobile social software supports some kind of content sharing. Two
categories of systems using content can be distinguished. The first are systems in which
the sharing of some kind of multimedia information is the main focus of attention.
Conversely, the second are systems which annotate some other content or are aimed at
creating notes; the notes are not the main focus of the learner but rather are used to
support learning by organising the learning process. Communication features offered by
current mobile social software range from direct voice communication, instant messaging
to leaving some kind of text message on a shared space. Communication technology is
not the main consideration of a lot of research, but rather is seen as an extension to other
systems. The main reason would be that the most popular devices, mobile phones,
already offer outstanding communication capabilities. Surprisingly, the use of metadata
and notifications was also not found extensively. Content metadata, specifying some
extra information about the content stored, has been found in some cases. Most metadata
found, however, specified a particular context; most often metadata used to describe
location context was found. Notifications were mostly encountered in the form of SMS —
messages that were sent about a change in a shared context: someone in the group
edited shared content or a person was added to the user’s community. On the contrary,
personalised messages focusing on making the user aware about interesting content in his
vicinity were not found very often.

The second dimension analysed was the kind of context filter used. The most widely
applied form of context filters was a location filter that adapts the learning content to the
user location. Also social context information has been put to use in the social awareness
systems more than the remaining context parameters; social context is for example
used to derive relationships between people. There are a number of systems providing
personalisation through identity context, a system using calendar information (time
context) and some using environment context in the form of tagged real-world objects.
Unfortunately, most of the other context parameters have not been commonly applied. In
that sense, especially, the software systems that use simpler context parameters like
location and time and use them to derive more complex context information, for example
social awareness information, are in our opinion most interesting.

The third dimension considered was the purpose of the system. In the mobile social
software research considered throughout the review, the systems aimed at sharing content
and knowledge were mostly encountered. The content and knowledge sharing systems
were closely followed by social awareness systems, which judging from the references
have become more popular in the last years. Functionality that guides communication
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often has been combined with other system functionalities and rarely seems the major
aim of a system. However, especially social awareness systems focus on improving or
enkindling face-to-face conversations, which is the implicit aim of a lot of mobile social
software we have analysed. Mobile collaborative games, specifically aimed at learning,
were not encountered that much.

The cardinality of the information flows in mobile social software was given by the
fourth dimension. The one-to-one collaborative systems found were either intended for
peer-feedback, or for bringing people into contact with each other; social awareness.
Moreover, the direct communication flows possible in some systems are often one-to-
one. Many-to-one or one-to-many relations are often seen in formal learning scenarios.
Classroom response systems, for instance, are many-to-one; the students can respond to
their teacher. More informal approaches, for example shared content repositories, often
integrate several information and communication flows.

Fifth and the last, the pedagogical model used as a basis for the system was
considered. Previously, the great availability of learning solutions aiming at content was
already discussed. Most of these systems are based on a constructivist pedagogy, which is
therefore also widely available throughout mobile social software for learning. Next to
constructivist pedagogies, situated pedagogies are more widely encountered in the
research considered, especially in the software systems that use a form of adaptation to
the location of the user. Systems for learner and teacher support are also widely available,
but with a focus at formal learning in the classroom. Finally, the behaviourist and
informal and lifelong pedagogies are less available.

The summary of the current state-of-the-art presented in this section already hints at
possible limitations in mobile social software for learning. The next section will describe
the limitations more clearly, as a basis for suggested improvements for current learning
solutions.

6 Limitations of current solutions

During the review and classification of the software, there were already some limitations
of the current solutions implicitly identified. An overview of the limitations we think are
most important is given in this section, for each dimension of the reference model.

First of all, some limitations of the content dimension are identified. While a lot of
the systems aimed at sharing various forms of multimedia documents were encountered,
the use of metadata about those documents is not that widely found; most of the
metadata stored relates to author information or location data about content. One possible
explanation for this absence of metadata could be the large overhead of implementing a
metadata storage and query system; especially this is true for the small systems that were
mostly encountered in this review. Furthermore, the support for ubiquitous notification is
not widely available, and mostly relates to some collaborative action performed by the
learner’s peers. Notification based on contextual information to minimise interruption has
not been found during this review.

Second is the usage of context filters. Mobile social software for learning rarely
uses other context information besides location and identity context. For ubiquitous
learning support, the time, the environment of the learner and especially the activity a
learner performs are important. Therefore, time, environment and activity context should
be more considered in future research. Moreover, a combination of context parameters to
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derive more complex information about the learning situation has not been largely
encountered.

Third, relating to the purpose dimension we feel that there is a lack of integrated
solutions available. A system that provides content creation and delivery combined with
social awareness systems for effective community building was not found in the literature
considered.

Last, the pedagogical models that have been used mostly focus on constructivist and
situated learning. In our opinion informal and lifelong pedagogies should be given more
attention, especially since these are the forms of learning that take place anywhere,
anyplace, anytime, i.e. mobile or ubiquitous learning.

7 Suggested extensions for improved learning

Based on the limitations identified in the previous section, suggested extensions for
mobile social software for learning will be given in this section.

To begin with, a better and wider use of metadata information throughout the systems
is suggested. The storage of metadata information makes it easier to find appropriate
content for appropriate learning activities. For example, content stored along with context
metadata in a specific learning episode can later be reused and found in similar learning
situations. An evaluation of the efficiency of such approaches can be found in the
literature on recommender and tutoring systems based on episodic memory approaches
(Weber, 1996).

Also, notifications should be more widely used and tailored to a specific learning
situation, above all not interrupting that situation by drawing most of the learner’s
attention to the notification itself. The kind of notification (Eagle and Pentland, 2005)
provided is particularly interesting because it integrates a notification with proximity
information and information from a personal interest profile. However, next to this
integrated approach, we did not find further examples where for instance time context,
relationship contexts and more parameters were combined to further filter notifications.
Moreover, notifications could also be extended to draw attention to interesting places or
current events in the vicinity of a mobile learner, based on a personal profile and located
calendar information.

Likewise, a better and wider use of more complex context information is suggested.
Particularly, the time and environment/activity context deserves more attention in our
opinion. The environment and activity context is the subject of ubiquitous computing
research (Weiser, 1991; Abowd and Mynatt, 2000), and in this sense mainly two aspects
are interesting: first, attaching content to real-world objects and using these enriched
objects as new shared content repositories capable of building new learning communities.
Second, the use of ubiquitous software systems and context information to try to support
the current activity of the learner.

Moreover, we suggest the implementation of systems integrating a range of social
software functionalities. Especially, the combination of shared content repositories with a
form of social distributed awareness could be used to build more active and aware
learning communities.

Last, in our opinion more attention should be given to support informal and lifelong
learning by using mobile social software approaches. Informal and lifelong learning
is a learning that takes place anywhere, anyplace, anytime, and especially this kind of
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learning could benefit from mobile social software applications embedding the user in
one or more communities of practice wherever and whenever. Especially, the integration
of informal and formal learning approaches should be investigated, in the sense of
lifelong learning that incorporates formal education with learning encountered in
everyday life. We feel this integration can be already, to some extent, made possible by
combining content injection, content delivery and social awareness (by notifications).

Summarising the following extensions to the current state-of-the-art are brought
forward:

e provide more integrated systems with a range of functionality
e Detter and wider use of metadata
e more advanced and wider use of notification techniques

e an improved adaptation to the user’s personal preferences and learning environment
or situation by using more kinds of context information than location and identity
alone, and use of techniques to derive more detailed or higher level context
information by a combination of different context parameters

e more attention to systems aiming at informal and lifelong learning.

7.1 A possible solution: ‘ContextBlogger’ blogging in the real world

The suggested extensions to mobile social software inspired us to develop an integrated
application of mobile social software for learning. We applied the reference model to one
specific instance of social software: weblogs. Already, some weblogs offer the creation
and display of blog entries via mobile devices (www.nokia.com/lifeblog). However,
the analysis of those mobile weblogs with the reference model, identified a possible
extension which led to the development of ‘ContextBlogger’. The ContextBlogger
mobile software couples information in a weblog to physical objects in the real world.
The innovative part of the system is that it uses mobile social software and tries to form
social communities by interacting with real-world objects that surround the users. To
enrich the interaction with information from virtual social software communities, the
real-world objects are equipped with tags to identify them.

A number of aspects of mobile social software are integrated in the software. First of
all, multiple users can use their mobile devices to create and insert multimedia into the
weblog or view the information added because every object preserves its own history.
Second, a weblog has a social community surrounding it, with the additional possibilities
for rating and annotation which facilitates community feedback on information provided
and around a physical object. Concluding, through the flexible combination of tags,
physical objects, and different filters on the blog content, several educational effects can
be achieved:

e  Multiple perspectives on real-world objects: by viewing the object’s history, a
certain category of blog entries, or using other filters people benefit through an
indirect learning process (Efimova and Fiedler, 2004; Walker, 2005).

e Community-generated content connected to relevant real-world objects and
locations: an example for the effect and importance of self-generated contents in a
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learning community is presented in Brandt et al. (2002) and Brandt and Hillgren
(2003) about learning to operate medical devices.

e Moreover, search filters give different views about objects, based on personal
preferences. Real-world objects can also be linked by software to create relations
between those objects and to create a so-called “internet of objects’ (Mattern, 2004).

The effects of ContextBlogger on the learner will be the subject of future research.
Similar to ContextBlogger, the uLearn system (Mitchell and Race, 2005) also uses
location and orientation of a mobile phone to retrieve multimedia information suitable to
a specific context. The location information is retrieved by scanning a visual code or
semacode attached to objects in the environment. The rotation or orientation of the
mobile phone determined, amongst others, the type of information retrieved from the
database: either a description of the object or a picture. However, uLearn does not
provide any collaborative features and is aimed at delivering content to an individual
learner.

8 Conclusion

In this paper, a reference model for mobile social software for learning was described.
The reference model consisted of five dimensions, being: purpose, content, context filter,
information flow and pedagogical model. Current research was classified according to
the reference model. The results of the classification suggest that most of the mobile
social software for learning aim at providing a shared content or knowledge repository
and provided storage for all kinds of multimedia information. Additionally, location and
identity context was used most, and constructivist and situated pedagogic models form
the foundation of most current software solutions. Based on the limitations of the current
state-of-the-art in mobile social software the following improvements were suggested:
creating integrated systems to address a range of different learning purposes, extending
the use of metadata, improved use of notifications, and more use of context information,
as well as the combination of several context parameters to derive more detailed
information about a learner’s current situation. Moreover, we hope to see more focus on
systems for informal and lifelong learning. Last, an example of a possible extension
for current mobile learning was given, in the form of the ContextBlogger software;
an informal collaborative learning application that makes it possible to attach blog
information to real-world objects.

In the future, we expect to extend the context blogger software to an integrated
solution for mobile learning. At this moment, the ContextBlogger software already
provides a shared content system in which learners can collaborate to create and
edit content and view the contributions of their peers. Furthermore, ContextBlogger’s
ubiquitous component creates links between community-added content and real-world
objects and situations. A challenge for future research would be adding social awareness
in the form of ubiquitous notification support; the best timing and form of notifications
has to be researched. Especially, the use of notifications to point out people and objects
of interest deserves special attention. Moreover, we want to experiment with new forms
of media creation and delivery. Finally, the use of more complex forms of context
information derived from the five basic context parameters: individuality, locations, time,
environment/activity, and social/relations context (which forms a challenge that future
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research should, we feel, certainly address). In addition, the use of social or relations
context could provide us with mobile learning solutions that not only address a specific
individual, but also address the social environment and relationships for improved
learning. Only a combined approach taking into account multiple aspects of a learner’s
environment would make learning truly ubiquitous.
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