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ABSTRACT
Pervasive environments involve the interaction of users with the objects that surround them and also other 
participants. In this way, pervasive communities can lead the user to participate beyond traditional pervasive 
spaces, enabling the cooperation among groups taking into account not only individual interests, but also the 
collective and social context. In this study, the authors explore the potential of using context-aware information 
in CSCW application in order to support collaboration in pervasive environments. In particular this paper 
describes the approach used in the design and development of a context-aware framework utilizing users’ context 
information interpretation for behaviour adaptation of collaborative applications in pervasive communities.
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INTRODUCTION

Pervasive environments have achieved a ma-
tured level, thanks to the advance of the tech-
nology, mainly through sensors and a growing 
variety of mobile devices. By combining these 
smart spaces with social computing it is possible 
to create a richer environment in which real 
world and virtual information can be utilized 
to meet the user needs. Smart spaces provide 

an environment aware of context information 
that enables users to interact electronically with 
other users and devices in their environment 
and to perform their activities.

Context information can be any relevant 
information available about location, users, 
services, devices and their relationships. In 
addition, the information available in social 
network sites can also be useful for pervasive 
systems as context information, where the 
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changes of environment are important to offer 
powerful ways of working and communicating.

Social computing has recently become a 
subject of study in a variety of areas related to 
context-adaptive systems. Context-adaptive 
systems are systems that can dynamically 
adapt their behaviour at run-time in response 
to changes in context information such as: us-
ers’ preferences, operational environments, and 
underlying infrastructure (Hussein et al., 2012).

In the present scenario, pervasive systems 
lack the ability to deal with social group context, 
besides the individual. Recently, FP7 SOCIET-
IES project tries to tackle the creation of com-
munities of smart spaces, investigating group 
context information, privacy and preferences. 
The communities of smart spaces envisage the 
integration of pervasive with social fields to 
provide personal smart spaces that can move 
along the users providing group capabilities 
following the users’ interests.

Even though the pervasive environments 
can support large and small groups, usually 
collaborative activities happen often in small 
groups of up to 10-15 people (Farshchian & 
Divitini, 2010). Furthermore, several of these 
activities in smart spaces may involve users 
collaborating common tasks where collabora-
tive applications take advantage as we state in 
(Lima et al., 2012).

In order to demonstrate the synergy of col-
laborative activities, pervasive communities and 
social computing, we present a context-aware 
framework for collaborative applications, 
which envisages cooperation in pervasive 
environments.

The goals of the framework are to:

• Provide adaptability for communication, 
coordination and relationships to CSCW.

• Facilitate collaborative work by provid-
ing pro-active behaviour for collaborative 
tools.

• Enhance collaboration work taking into 
account mobility of the users and physical 
distribution.

• Provide cooperation among users based on 
physical and social interaction.

This article is organized as follows: sec-
tion “Background” presents a background 
regarding the framework which involves so-
cial computing, context-awareness in groups, 
CSCW systems and pervasive communities. 
Section “Related Work” explores the previous 
work in groups for pervasive environments 
and context aware applications for CSCW. 
Section “Framework Overview” describes the 
framework architecture, highlighting the new 
developed features and issues that have been 
addressed during the implementation. Finally, 
section “Conclusions” provides conclusions 
and directions for future work.

BACKGROUND

In this section we introduce with more details 
the background domain that formed the basis 
for the design and development of the context-
aware framework for CSCW applications. The 
domain areas involve social computing, context 
awareness and pervasive computing with focus 
on communities.

Social Computing

Social computing has recently become a subject 
of study in a variety of areas related to informa-
tion and communication technologies. Erickson 
(2013) defines social computing as systems that 
mediate social information across collectivities 
such as teams, communities, organizations, 
populations, and markets. Moreover, he states 
that social computing systems need to have 
mechanisms for managing information, identity, 
and their interrelationships.

In Wenger (1998), the author explains 
the importance of communities of practices. 
The “Communities of Practice” definition 
describes a group of people who share an inter-
est, a craft, and/or a profession. Based on the 
work by Wenger, Gunawardena et al. (2010) 
presented a theoretical framework for build-
ing Online Communities of Practice in social 
networks. The framework attempts to develop 
a theoretical framework to understand learning 
among groups of individuals that utilize social 
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networking applications. People who partici-
pate in such communities learn accepted work 
practices that reinforce each other and become 
more productive.

With the advent of Web 2.0, it is possible 
to enable provision of content, goods and ser-
vices in the areas of personal life and business 
by anyone. This new paradigm originated the 
crowd computing term, which targets the hu-
man interaction to share tasks and ideas making 
use of tools such blogs, wikis and SNS (Social 
Networking Sites).

Social Network Sites

Social network sites have gained much popu-
larity nowadays mainly due to Web 2.0. This 
major trend is due in part to the development 
of applications by third parties, which led to 
differentiation in available services by exist-
ing social networks. These applications allow 
access to various types of information, such 
as profile, activities occurred, friends list. 
Furthermore, with recent advances in mobile 
technologies, mobile devices are increasingly 
becoming associated with their owners and an 
attractive platform for development of social 
and smart space applications.

Even though being a relative new area, 
social computing integration with other fields 
is rising due the social context in a few col-
laborative areas such as enterprise, eGov and 
computer supported collaborative learning 
(CSCL) (Erickson, 2013).

Computer Supported Cooperative 
Work Systems (CSCW)

The concept of a CSCW (Computer Supported 
Cooperative Work) system is to provide rich 
interaction supporting co-located groups in a 
common task or goal. Much effort has been 
dedicated to design applications that support 
individuals who are in a synchronous collabora-
tion (e.g. co-browsing, audio/video conference), 
and who interact in asynchronous way (e.g. 
wiki, email). These efforts generally aim to 
create virtual spaces to promote collaboration 

by providing mutual awareness, communication 
and coordination (Farshchian & Divitini, 2010).

Users in a collaborative environment are 
usually a group of people with similar prefer-
ences, tasks and needs. In this way, groupware 
is a very relevant subject of study in CSCW and 
Social Computing.

Groupware applications have become 
increasingly widespread in all branches of re-
search and industry, for both work and learning 
(Temperini & Nanni, 2012). In particular, group 
awareness is considered a crucial point to allow 
all actors for a better grounded and productive 
collaboration (Dourish & Bellotti, 1992).

In order to enable groupware applications 
to adapt to discovered context information, the 
context-aware applications should be designed 
to consume and react to the contextual infor-
mation that serves as resources for cooperative 
work. In the CSCW domain, context-aware 
applications presents challenges in designing 
and implementing, which involves ambient 
resources, privacy policies and infrastructure 
for the collaborative activities (Kulkarni et 
al., 2012).

Context-Awareness in 
Group of Smart Spaces

In Dey (2001), the author defines context as: 
“any information that can be used to characterize 
the situation of an entity. An entity is a person, 
place, or object that is considered relevant to the 
interaction between a user and an application, 
including the user and applications themselves”.

A large part of smart spaces challenges 
reside on the use, interpretation and reasoning 
techniques for context information. Especially 
when these information needs to be used in real 
time by the system, services and third-party 
applications.

Usually pervasive platforms provide the 
means to receive context information and apply 
the information to build context-aware applica-
tions. Several context management systems are 
based on the context broker architecture similar 
to CoBrA (Taylor et al., 2011).
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A context management component is 
responsible for collecting the context informa-
tion from sources and sensors, modelling and 
maintaining the current and historic data in 
appropriate repositories. The context informa-
tion describes the users’ environment, where 
applications can retrieve it and decide how 
to behave based on this information. Below 
is presented some of the components usually 
found in a context management. It is important 
to stress that some of them can slightly change 
or even be optional like the history management:

• Context Broker: Responsible for providing 
data in in a synchronous and/or asynchro-
nous way.

• Context DB Management: Comprises a 
Database Management System (DBMS) 
to store and maintain the information. The 
management is done by database queries 
(i.e. retrieval, update, addition, removal).

• Context Source Management: Responsible 
for managing the external sources, includ-
ing for instance SNS data and individual’s 
location.

The social interaction is an authentic ac-
tivity and by itself pervasive, taking place in 
people’s everyday professional and personal 
lives. Consequently, social networks provide 
an opportunity to access detailed contextual 
information that is hard to achieve through other 
means. The social context plays an essential 
role in describing the situation in which users 
interact. Information about social relations can 
serve as an example of social context for users. 
Hence, the social context can be considered as 
a specific type of context information.

The context information is structured as an 
entity and attribute. The properties of the person 
or the device are described by multiple attributes 
that are assigned to an entity. For instance, the 
name, the age and the location of a person can 
be represented as different attributes of an entity 
person. In the case of a community, members 
represent an attribute, while the community 
itself the entity.

However, in order to deal with communities 
of smart spaces, the approach in the SOCIETIES 
project was to extend the context management 
to address the needs of a distributed context. A 
hybrid approach was chosen in order to address 
scalability issues in terms of processing, storage, 
remote communication and power consumption 
(Liampotis et al., 2012).

Pervasive Communities

One of the most important issues for pervasive 
computing is to create an infrastructure to sup-
port multiple users in different environments. 
In these systems, it is important to effectively 
support development and run-time execution of 
services/applications in wide-scale of scenarios. 
Smart spaces are by nature context aware, where 
location (e.g. home, office), activities (e.g. 
walking, driving) and environment features 
(e.g. hot, cold) enable users to interact with 
computational resources to perform activities. 
These environments can provide better user 
experience by allowing a user to connect new 
devices flexibly and to access all the informa-
tion in the multi device system from any of the 
devices (Smirnov et al., 2008).

A pervasive community is a term coined 
by the SOCIETIES (2014) project to designate 
a group of smart spaces. In the use-case of the 
project, a smart space not only includes physi-
cal locations, but users who can interact with 
the environment and other individuals. Thus, 
these personal smart spaces can communicate 
with other devices and users through traditional 
devices that range from notebooks to mobile 
devices.

The aim of the project is to explore aspects 
associated to group interaction through perva-
sive systems and social networking. The project 
introduces the notion of a Cooperating Smart 
Space (CSSs). Each CSS consists of multiple 
devices, both fixed and mobile interconnected 
in an ad-hoc manner, owned by a single user. 
The CSSs can interact with other individuals 
and communities whenever possible (Doolin et 
al., 2012). Each community can offer various 
characteristics to CSSs, such as a set of shared 
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resources and services enhanced by additional 
functionalities provided by others CSSs mem-
bers of the same communities.

The main focus of the SOCIETIES plat-
form is to facilitate creation, organisation and 
management of communities, providing better 
experience for individuals and the communi-
ties. Each platform component is responsible 
for a specific task, providing functionalities via 
APIs used by internal components and third 
party services. Some of the essentials compo-
nents are: communication framework, device 
management, privacy and trust management, 
context management, community orchestration 
and personalization.

The concept of community of practices 
adopted by the project and associated with the 
social computing can offer a different impact in 
the CSCW area. The CSCW can take advantage 
of the pervasive communities in a number of 
scenarios as described in (Lima et al., 2012), 
where users with the same degree of similarities 
can be grouped in collaborative sessions. Two 
scenarios that we emphasized were: Computer-
supported collaborative learning (CSCL) and 
enterprise.

RELATED WORK

Some studies regarding groups in pervasive 
environments are available in the literature. 
PICO (Pervasive Information Community Or-
ganization) (Kumar et al., 2003), presented a 
framework with the objective to create pervasive 
communities that can collaborate proactively in 
areas such as telemedicine, military and crisis 
management. This aims to achieve a sequence of 
events that can lead to the creation of communi-
ties (Kim et al., 2006). More recent approaches 
attempt to tackle the problem of pervasive com-
munities supporting also mobile users. POPEYE 
project approached spontaneous virtual com-
munities that can be formed in a peer-to-peer 
fashion for collaborative work (Meyer et al., 
2011). Unfortunately, the project focus is in 
transport issues, lacking in services integration 
and social computing. In Foell et al., 2007 it 

is proposed a framework to form communities 
according to users’ interests and participation. 
It applies recommendation and personalization 
algorithms to perform self-organization based 
on online social sites. Nonetheless the work 
only encompasses the context originated from 
online social sites, not providing management 
for face-to-face communities and integration 
in several pervasive environments.

There are few related works that try to gap 
CSCW and context information. Intermezzo 
(Edwards, 2005) is a collaboration toolkit sup-
porting coordinated information sharing, user 
awareness, session management and policy 
control. It addresses dynamic flexibility, by 
allowing applications to modify the behaviour 
of the toolkit based the situational context of 
the collaboration (Dourish et al., 2000). How-
ever, the drawback is the integration of social 
interaction aspects of the users and the group 
approach, which takes the virtual and physical 
world interactions into account in order to adapt 
it to the user needs.

The ECOSPACE Project (Prinz et al., 
2006) proposes an integrated collaborative 
environment to support semantic description 
of collaborative services for orchestration and 
choreography. Besides a semantic description 
of each service, a semantic description of the 
composition of services is required to coordinate 
their orchestration. Nevertheless, this part of the 
project remains as a design aspect.

Recently Haake et al. (2010), proposed a 
generic framework for context modelling in 
collaboration environment providing adaptive 
rules to support collaborative activities. The 
conceptual approach proposes use of semantic 
languages to structure context information. 
However, the integration does not take into 
consideration the aspect of groups and social 
integration.

In summary, the proposals involving 
context-aware groups for collaborative work 
still lack on environment integration, mobility 
or social capital where synergy could enhance 
collaborative experiences.
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FRAMEWORK OVERVIEW

This section presents the context-aware frame-
work for CSCW applications that has been 
developed in order to enable context aware-
ness in collaborative activities. The design 
of the framework is divided into three layers: 
modelling of context information, the context 
interpretation, and the runtime actions.

In order to build the framework prototype 
the architecture was modelled in UML and was 
developed in Java as an OSGi bundle (OSGi, 
2014). Some concepts and description of the 
components have been presented in publica-
tions such as (Lima et al., 2013). For the sake 
of comprehensiveness, a brief description of the 
components is listed below. Fig. 1 illustrates 
the architecture.

Context Acquisition Component

The context acquisition is the first layer of the 
framework and is responsible for collecting 
relevant context information and prepares it 
to the subsequent layer. As it is shown in our 
earlier work (Lima et al., 2012), there are some 
relevant appropriate context categories depend-
ing on the scenario. Some of the categories that 
might be used include: geographic location, 
current availability, current computational 
(mobile/desktop) resources and professional 
information.

The context information is acquired via an 
external Context Broker, which communicates 
with the context sources. The Context Broker is 
responsible for gathering context information 
from the users through heterogeneous sources 
that can go from mobile sensors to SNS. The 
mobile devices provide location, availability 
and resources. On the other hand, SNSs pro-
vide information related to user profile such as 
interests, professional position and expertise.

The information, retrieved from the Con-
text Broker, is classified as long-term or short-
term, depending on temporal characteristics. 
The long-term information is comprised by 
data that does not change often such as: job 
position, areas of interests, skills. On the other 

hand, short-term context comprises data that 
changes frequently such as location and avail-
ability (e.g. user busy, away).

Generally, pervasive systems have by de-
fault a specific component to manage context 
(context management) allowing it to capture 
and retrieve context information. Thus, the main 
focus of the framework resides in the analysis 
and adaptation, abstracting the concern to deal 
with context sources providers.

Concerning privacy, it is expected that the 
user provides only the information that he thinks 
appropriate. On pervasive systems such as 
SOCIETIES, it provides privacy policies rules 
related to shared context information. When the 
information is retrieved for the first time, the 
platform requests for each user if it is granted 
permission to fetch and receive updates about 
that specific information. The permission can 
be granted to a specific community or a third 
party service. The user also has the opportunity 
to agree/disagree of the privacy policy rules be-
fore being inserted in a community for instance. 
In this case, the members of the community 
and the third party services that belong to that 
community do not have access to the data or 
request in runtime.

Context Interpretation Component

The Context Interpretation component is re-
sponsible for modelling the knowledge and 
process the information collected from the 
previously layer. In order to translate the context 
to the framework this information is stored in 
a graph database, where each node represents 
a person. The user context information is used 
to assign edges representing relations existing 
among the users, based on the long and short-
term context information.

The long-term information is associated 
as properties of the person node as illustrated 
by Figure 2. The short-term is associated to a 
new graph that is created according to demand. 
Each new node of short-term information stores 
the timestamp and the new information using 
the person node as root. This behaviour is very 
similar to an activity stream, typically used by 
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SNSs to maintain a list of recent activities per-
formed by an individual. The framework also 
keeps the history of short-term information, 
but not for the long-term since the information 
in most cases is not relevant. This separation 
allows this layer to make decisions on how to 
link individuals from the same community and 
assigning weights through the context informa-
tion available.

To create the graphs we choose the Neo4j 
graph database engine (Neo4j, 2014), which 
offers a graph-oriented model for data repre-
sentation. In Neo4j graph structures consists 
of nodes, relationships and properties. In the 
framework, the nodes represent persons and 
also short-term context information for each 

individual as illustrated in Figure 2. The rela-
tionships among persons are associated with 
the degree of similarity and are expressed 
as weights, while the short-term information 
has a timestamp and is represented as a LIFO 
(Last-In-First-Out), where the last node is more 
recent update. The properties express the node 
information. Figure 2 demonstrates long-term 
context information and Figure 3 the short-term.

In order to extend the context information 
collected from the previous layer, the component 
performs an enrichment of context depending 
on the nature of the data. The information can 
be expressed in numeric or text values. The 
texts values are submitted to externals sources 
of Natural Language Processing (NLP) for 

Figure 1. Framework architecture
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semantic analyse, returning synonymous words 
that are aggregated with the existing informa-
tion. This enrichment provides knowledge to 
create rules that drive decision making in the 
adaption layer.

After the enrichment of the text values it is 
possible to assign similarities among the persons 
in graph. This similarity enables to associate 
weights between person nodes and is calculated 
by dividing the matched information by the 
total available. This is applied for both and the 
result is divided by two as represented below:

W = (matched/node1) + (matched/node2) / 2

This component can also be prompted to 
report a threshold, to select relevant persons for 
a given weight. This method is called automatic 
thresholding and it is often used in image pro-
cessing for segmentation (Sahoo, Soltani, & 
Wong, 1988). The thresholding mean value is 
calculated based on the weights assigned previ-
ously. The weights values can be verified in the 
arrows among persons as illustrated in Figure 2.

The numeric values can be enriched using 
historical information available, as an example 
it can be used to generate temporal series. This 
is helpful in case certain events to not occur 

regularly. Lastly, all the context information can 
be checked automatically when an update event 
happens or periodically through the awareness 
monitor framework. This procedure will depend 
on the context management behaviour. If the 
context management, which the framework is 
connected to, supports subscription of context 
changes events the framework will react to 
these notifications. In case the context manage-
ment does not provide such functionality; the 
framework will fetch the context information 
periodically for changes in the context broker 
component.

In the current implementation, the frame-
work uses the Alchemy API (AlchemyAPI, 
2014). The content to be analysed is submitted to 
the respective cloud and return results in JSON 
or XML format. Nowadays, there are several 
possibilities of extracting semantic meta-data 
such as: concept, sentimental, text categoriza-
tion, etc. Other similar cloud services that can 
be integrated in the framework for content 
analyses are Synonym (Synonym, 2014) and 
Coginov (Coginov, 2014). The connector with 
external sources needs to be implemented by the 
developer. However, it is intended to implement 
other connectors for future tests.

Figure 2. Short-term context information in the graph database
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The enrichment of context information is 
optional step by the framework, although the 
enrichment plays an important role to calculate 
the similarity of the individuals.

Adaptation Runtime Component

This layer is responsible for managing the 
collaboration sessions and performs actions 
on the collaboration tools via adaptation rules. 
The session manager coordinates the session 
members and their integrated applications. 
Each session is composed by: members invited, 
context information matched by the rules and 
the users who actually accepted the invitation.

The session’s history follows the same 
short-term approach used for the individuals, 
storing new nodes with a timestamp with the 
matched context information, invitations and 
participants.

Figure 4 exemplifies a session associated 
to one location and the participants in real-time.

The adaptation rules are expressed by 
IF-THEN clauses and are defined with: if 
“condition” then “action”, e.g.: if at least two 
individuals are in the same location and work 
at the same department and have the same 
interests THEN start a session. The adapta-
tions rules can also perform a status checking 
to choose which communication channel is 
more appropriate for collaboration or which 
available communication channel is common 
to all parties. If the person is idle for a long 

time the user can be kicked off the session or 
if busy, not invited to the session.

For each stipulated rule it is possible to 
assign a weight or/and a priority which will be 
used by the engine rule in the framework. The 
weight value is used to assign a score to each 
rule in percentage format. The rules and weights 
are formally represented below:

P = ɯ1 × Rule1 + ɯ2× Rule2 +…. ɯ-n × Rule-n

For instance, if the first rule is stipulated in 
30% for location and 70% for interests a user 
may be invited for a session even if it is not 
present in the same location.

For priority format, the relevance is given 
for order designated for the rules. The rules and 
priorities are formally represented as:

P = Rule1(i) + Rule2(i+1) +…. Rule-n(i+n)

Following the previous example, if location 
is the first rule and the interests is the second 
rule; the engine should first check who is at 
the same location and then verify the interests.

In order to use the collaborative tools in 
the framework the user needs to integrate the 
server application with the adaptation layer, 
which is in charge of receiving and perform-
ing actions on the collaborative application. 
Thus the adaptation layer can execute actions 
directly in the server such as: invite user, kick 
user, create new session, etc.

Figure 3. Long-term context information in the graph database
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The applications can be integrated depend-
ing on its nature. Synchronous applications need 
to implement an abstract class, which inform 
how to join and leave a conference and the 
events related to the user such as join, leave 
and availability. For asynchronous applications 
the user needs to implement an abstract class 
to receive updates on which users that matches 
the rules assigned by him.

The applications integrated are not respon-
sible to manage sessions and not need to be 
aware of the behaviour of others applications 
that are working at same time.

EXPERIMENTAL RESULTS

As part of preliminary tests, we created an 
environment consisting of the deployment of 
the SOCIETIES Platform and the proposed 
Framework as a third-party service on the same 
host using virtual machines.

The Framework service works on top of 
the platform, which provides other essentials 
components, but for this proof of concept it was 
just necessary to integrate it with the community 
manager and context management components. 
The community manager provides the members 
available in a specific community. The context 
management provides information from each 
member of that community. For context in-

formation subscription it was implemented a 
connector to receive updates from the Context 
Broker.

After the creation of a community, it is 
possible to select one to start populating the 
Framework mapping each user to one-person 
node. The first step starts with long-term con-
text information and is structured as depicted 
in Figure 3. The second step is to acquire the 
first short-term information available. For the 
experience we adopted long-term information: 
occupation and interests. For short-term: loca-
tion and status.

With all initial information collected the 
framework starts the context monitor. The 
monitor checks for update changes for the two 
types of context in real-time. In order to simulate 
the behaviour of a real scenario, we manually 
changed the location and status for each person.

Regarding the rules, we stipulated 2 rules 
and assign weights for: location and interests. 
Thus, depending on location and interests, the 
monitor checks whether it is appropriate start 
a collaborative session or remove a participant 
from a session. The rules were expressed as 
follows:

• First rule - Location: same location with 
weight 60%.

• Second rule - Interests: interests > thresh-
olding with weight 40%.

Figure 4. History of collaborative sessions in the graph database
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We performed the test exclusively with 
mobile devices using a chat client in Android 
(Xabber) to verify invitations and the orchestra-
tion of participants among the collaborative ses-
sions. It was also necessary for the SOCIETIES 
Android client to fill the user profile information 
and change the location. The preliminary test 
evaluated the behaviour and predictability of 
the actions taken by the framework.

CONCLUSION

In this article we presented a context-aware 
adaptive framework for collaborative activities 
in pervasive environments. The approach takes 
into consideration specifically pervasive com-
munities of users, enabling runtime adaptation 
of collaborative tools in response to the context 
information changes. This work extends our 
previous work on a specification model level, 
presenting updates in the Adaptation layer in 
terms of the use of collaborative applications 
and session management.

The current approach aims to minimize 
the interaction of pervasive groups in col-
laboration environments by avoiding implicit 
interaction of the participants. The prototype 
was implemented demonstrating its potentials 
and is available online as a third party service 
of the SOCIETIES platform (SOCIETIES Third 
party services, 2014).

Many challenges remain for interpretation 
of existing context related to individuals and 
groups for CSCW. As a next step it is our inten-
tion to investigate other relevant methods for 
interpretation and analysis of context. We aim 
in the future to focus in floor control permitting 
to provide coordination of activities occurring 
amongst the collaborators.

Finally, we will perform validations to 
assess the applicability and practicality of our 
approach to verify performance, usage and 
usability of the framework in real situations.
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