
Towards Context-Aware Push-Filter Information Dissemination

Carlos Lamsfus, David Martı́n, Aurkene Alzua-Sorzabal
Asociación Centro de Investigación Cooperativa en Turismo

CICtourGUNE
Donostia - San Sebastián, Spain

carloslamsfus@tourgune.org
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Abstract—This paper presents the CONCERT framework,
a push/filter information consumption paradigm, based on a
rule-based semantic contextual information system for tourism.
CONCERT suggests a specific insight of the notion of context
from a human mobility perspective. It focuses on the particular
characteristics and requirements of travellers and addresses
the drawbacks found in other approaches. Additionally, CON-
CERT suggests the use of digital broadcasting as push commu-
nication technology, whereby tourism information is dissemi-
nated to mobile devices. This information is then automatically
filtered by a network of ontologies and offered to tourists on
the screen. The results obtained in the experiments carried
out show evidence that the information disseminated through
digital broadcasting can be manipulated by the network of
ontologies, providing contextualized information that produces
user satisfaction.

Keywords-Context-awareness; Push technology; Tourism;
Reasoning; Semantic-Web; Digital Broadcasting.

I. INTRODUCTION

eTourism[6] is becoming an increasingly significant re-
search discipline within Information and Communication
Technologies (ICT). Especially within ubiquitous comput-
ing. Every traveller has his own preferences, requirements
and expectations. One of the greatest dangers is to fall back
on the traditional way of understanding travellers in a frag-
mented manner. New trends show that people in general and
travellers in particular do not identify with predetermined
groups[2]. The challenge is to act accordingly, giving rise
to inherent personalisation. Thus, context-based services do
not only represent the opportunity and future in the travel
and tourism industries[23], but also the possibility to better
understand human behaviour in the future digital society.

Current state of the art technology enables contextual
computing services in tourism[4], [29], [30]. Typically, a
tourist is a person in a visiting situation[36], who may be
more or less familiar and aware of useful information that
is available about the place. This kind of place unfamiliarity
and lack of knowledge vary from place to place and from
person to person. Therefore, these form an important part
of the personal context of a visitor in a particular place,
who would require some kind of assistance when performing
information searches.

However, context has traditionally been studied in other
research disciplines[16], [8], [33]. Nonetheless, there are
various examples of tourism mobile guides[23], in which
the notion of context has been directly imported from the
previously mentioned fields without specifically addressing
the characteristic requirements of context within the domain
of travellers. This lack of sufficient theoretic support has
lead to an oversimplified understanding of context. Thus,
understanding the notion of context within the framework
of human mobility is essential not only to derive a sound
model for computing devices to process context information
in a meaningful way[5], but also to delimit and elucidate the
notion of context in tourism.

In addition, traditional context-aware applications rely
on networks of sensors to collect contextual information,
which makes them dependent on the particular infrastructure
needed to gather contextual information, their hardware
infrastructure and corresponding communication protocols.
Most of these are pull-based applications and thus require
intensive human intervention. In the case of tourism this
manipulation is somewhat restricted due to the small size of
screens and keyboards in mobile devices, as well as knowl-
edge about the infrastructure deployed in the new places
visited. These appear to be limiting factors when applied
to the domain of tourism, where push-based information
systems have shown to encourage tourists to use technology-
based information systems[4], [21].

Motivated on all of the above this paper presents a spe-
cific approach to context-aware information dissemination
for travellers based upon a push/filter paradigm, named
CONCERT. This framework is built following the statistical
recommendations on visitor classification established by the
UNWTO[36]. It must fulfil two requisites. The first one is
that a network of ontologies approach can be used to model
the context of a visitor and provide her with useful informa-
tion using description logics and rule based reasoning. The
second one is that visitors are satisfied with the results. The
model is a semantic-based visitor-centred model for context
on the realm of tourism. First a theoretical approach to
context in the realm of tourism is established. The research
work continues by focusing on how a semantic-based rule
filtering engine provides visitors with relevant information



according to their context. To do so, the Internet has been
used as primary source of information for both context and
tourism information, and also with digital broadcasting as
(push) communication technology to disseminate context
and tourism information.

The remaining of the paper is structured as follows.
Section 2 presents briefly the related work. Section 3 shows
the main theoretic research work carried out, as well as
its corresponding semantic model. Section 4 describes the
system architecture including a thorough explanation of
the reasoning process. Section 5 shows the evaluation and
finally, Section 6 concludes the paper with some remarks
and suggests future research lines.

II. RELATED WORK

Context-Awareness has been intensively studied for the
last 20 years. A number of applications were developed
to test different context theories, which were put forward
primarily to assist users in their interaction with electronic
devices[40], [32], [17].

With the emergence of ontologies[22], other research
works[9], [24], [26], [27], [33] demonstrated the applica-
bility of semantic technologies to context-awareness. They
showed how context information can be modelled by the
use of ontologies and how ontologies themselves support
context information consistency check and reasoning, thus
inferring implicit context information by use of description
logics and rule-based reasoning.

However, none of the previous approaches copes fully
with the requirements of the tourism domain, since assist-
ing travellers in a large scale was not within the specific
objectives of the projects in which they were developed.
Tourism is a well suited application domain for these kinds
of applications and tourism mobile guides have come a
long way[4], [23]. In spite of that, most of the existing
mobile tourism guides and research prototypes do not fully
exploit context information in order to adapt the information
to the individual situation and requirements of visitors[23].
Only few examples exist that provide more personalized
information by taking into account various context infor-
mation together[4], [29]. Even though the CAIPS system[4]
provides rule-based push information, it is focused on the
modelling and definition of rules to push personalized con-
tent to visitors by destination management organisations,
rather than on presenting a general framework to support
human mobility.

III. CONTEXTUAL COMPUTING IN TOURISM

Two fundamental issues are addressed in order to accom-
plish the objectives pursued by the CONCERT Framework:
Firstly, the conceptual approach to the notion of context in
CONCERT is different from the existing ones. CONCERT’s
objective is to study the context of visitors in the framework
of human mobility in order to more precisely determine

the information that formally describes that context, i.e. to
establish the requirements in terms of context information.
So, the first thing to do is to find out what is that defines the
context of travellers and what minimum information would
be needed in order to define that persons context. Then,
the following step is to determine the sources information
will be retrieved from, where they are, and how they can
be accessed. Secondly, CONCERT proposes a double level
interoperability schema (figure1).
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Figure 1. The CONCERT double level interoperability schema.

The first level of interoperability is provided at the infras-
tructure level and is achieved by not using external sensors
to gather contextual information. In order to tackle this
barrier, the CONCERT framework gathers part of contextual
and tourism data from the Internet as well as from mobile
embedded sensors, such as the GPS sensor. Thus, avoiding
some of the major constraints of current context-aware
systems. Therefore, CONCERT does not require further
complex infrastructures for context information gathering.
In this way, having to populate a particular area of interest
with sensors would be avoided on the one hand, and on the
other, the use of a CONCERT framework based application
would not be limited to such areas. The objective is not
to contextualize a particular environment. It is to increase
the level of abstraction of context thus, increasing the level
of portability, interoperability of the model, by providing
the model with the means to gather contextual information
anytime, anywhere. In addition, it supports an architecture
that is not dependent on the context gathering infrastructure.
Moreover, it has to be taken into account the increasing
availability of Open Linked Data populated by sensors
deployed in cities and public spaces.

The second level of interoperability is provided at the
model level. It follows similar approaches to other existing
ones, i.e. using semantic technologies[9], [24], [26], [27],
[33]. Once the notion of context has been established, it has



to be formulated in a consistent computing model in order
to effectively process context information. Different context
models have been identified and analyzed according to
the requirements of ubiquitous computing environments[31],
[33] and context-aware applications[5], [7]. Both analyses
indicate that ontologies clearly fulfil all requirements and are
adequate in order to model contextual information. Besides,
ontologies have proved to be good intermediation tools
in information integration[12]. In addition, ontologies can
also provide reasoning functionalities that are valid for the
context model to infer implicit context knowledge. This is
crucial to achieve the vision of context pursued by the CON-
CERT framework. Additionally, in an attempt to increase
the level of scalability, modularity and interoperability at
the model level and in order to more accurately meet the
requirements of context derived from its conception, context
will be modelled in CONCERT by means of a network of
ontologies[25].

A. Definition of Context and Contextual Computing in
Tourism

A sound definition of the notion of context is needed in
the realm of human mobility. The definition has to clearly
delimit the scope of the context framework presented in
this paper and most importantly, overcome the drawbacks
of current conceptions. The previous notions of context
consider only particular environments, the ones populated
with networks of sensors, which are modelled including the
application that runs in them. Thus, existing approaches are
too restrictive and make scalability of the concept to other
domain applications very cumbersome.

The conception of context presented in this paper suggests
to work on context as a main entity and integrated within
the framework of human mobility. In addition, it seems
that focussing on individuals rather than on systems and
their corresponding functionalities can increase the level of
abstraction of the system, and as a consequence it makes the
framework more general and potentially more scalable.

The proposed definition adapts and incorporates already
existing definitions and makes them more operative for the
tourism domain. Thus, based upon Dey’s definition [16]
context in the framework of human mobility is defined as:
any relevant information that characterizes the situation of
a visitor. A visitor is a traveller taking a trip outside her
usual environment and her situation is specified by data
concerning a) the individual itself, b) the individual’s envi-
ronment and surroundings and c) the individual’s objective
at a particular moment of time. This information can be
of use for a computing-application in order to support the
visitor’s mobility.

Accordingly, contextual-computing in tourism is the sci-
entific approach that studies and observes the context of an
individual on the move and pursues to generate knowledge
out of that observation in terms of how to model an indi-

Table I
COMPONENTS OF THE NETWORK OF ONTOLOGIES.

Concepts Definition

Visitor Characteristics of the human being in mobil-
ity

Preferences Information that describes the visitor’s per-
sonal likes [36]

Role The role a visitor plays at a given moment
[36]

Activity What the visitor is doing [31]
Environment The surroundings of the visitor, weather con-

ditions at the location [31]
Device Physical object the visitor carries [38]
Network Infrastructure to connect devices and convey

information
Motivation Reason why the visitor is travelling [36]
Location Coordinates that define the visitor’s location
Time Physical dimensions that measures spam be-

tween facts [28]
Tourism Tourism services provided at a given envi-

ronment

vidual’s Context and how to manage information originated
in that Context. It also explores how that information can
be processed in a way that is useful to assist the visitor.
Furthermore, it provides the foundational means to study the
way visitors will interact in complex digital environments.

B. Context Modelling ontology in tourism: ContOlogy

The context ontology ContOlogy is the core element of
this framework. It represents the translation of the concep-
tual notion of context presented earlier into a computing
model through an ontology language capable of checking
the model’s consistency and providing relevant information
through rule-based reasoning. Existing context ontologies
have been developed for various uses and cover different
domains, but they are not general enough and their extensi-
bility and re-use within other frameworks, including human
mobility, poses serious difficulties.

Following the promises of Ubiquitous Computing, the
objective of CONCERT is to assist visitors anytime, any-
where. Since existing ontological resources do not fully fulfil
this framework’s requirements, a new ontological structure
needs to be found. A possible approach to overcome this
obstacle is to have a new ontological definition based on
networks of ontologies [25]. Thus, the network of ontologies
focuses on the different constituents of context (see Table I)
according to the definition provided earlier and it develops or
re-uses existing ontologies for each of them, thus adapting
to the modular definition of context. Moreover, networks
of ontologies enhance ontologies’ modularity and flexibility
and hence make their interoperability and re-use much
simpler and less dependent on the specific purpose of the
ontology.

The components of the network of ontologies, i.e. context
constituents, have been determined considering the definition
of the notion of context put forward earlier in the paper, its



architecture (see next section) and well established tourism
scientific recommendations [36]. Each of these constituents
will determine each of the ontologies of the network. The
relationship amongst them have been determined based upon
the objective pursued by the prototype.

Altogether there are 86 classes, 41 object properties, 22
datatype properties, and 43 restrictions. Table I shows the
most important entities that configure the network. The
language used to specify each of the ontologies has been
OWL in its DL sublanguage[39]. The level of expressivity
shown by the network of ontology is SHOIN(D).

IV. CONCERT ARCHITECTURE

This section presents the technical details of the CON-
CERT Framework, including its architecture, workflow and
the rule-based information filtering process.

A. Framework Architecture

The conception of the contextual computing framework
presented in this paper has two important architectural impli-
cations. Firstly, the server side of the CONCERT Framework
retrieves contextual and tourism information from the Inter-
net. Secondly, this information is then sent to mobile devices
(client side) through digital broadcasting, i.e. there is no
uplink communication channel between the client and server
sides. This is depicted in figure 2, following a typical digital
broadcasting architecture. Therefore, the contextual comput-
ing architecture module needs to necessarily be hosted in the
client, where all the reasoning will occur and where all the
personal information will be stored.
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Figure 2. Architecture of Digital Broadcasting.

However, this way of sending tourism information would
not be of much help to visitors, since it has not been
processed taking into account their specific situational con-
text. Thus, the contextual computing module (figure 3)
extends the previous architecture by acting directly upon the
information that is received in the client side and processing
it according to the specific situation a visitor may be under.

The Context Manager is the central component of the
Contextual Computing layer. It is a background software
process that runs in mobile devices and receives information
from context providers, i.e. the individual’s preferences,
location sensors embedded in mobile devices and Journaline
XML. It also deletes Journaline XML files every certain time
to avoid data overflow on the client.

The knowledge base (KB), i.e. the network of ontologies,
is populated with information regarding both visitor parame-
ters and tourism services offered in that environment. There
are two other components that interact with the knowledge
base, namely the inference rules and a reasoning engine. The
latter processes the information by means of the rules and
produces a final XML file that contains the context-based
information.

Finally, the application layer consists of the presentation
logic that interfaces between the contextual-computing sys-
tem and the user. The application features an embedded
web browser and handles the input of user information
concerning user preferences, content filtering and navigation
of the tourism information produced by the knowledge base.
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Figure 3. Architecture of Contextual Computing in Tourism.

After the incoming information has been filtered by the
contextual computing module, it is then ready to be dis-
played in the visitor’s mobile device. The resulting architec-
ture, i.e. the CONCERT Framework Architecture, is depicted
in figure 4.

B. System Workflow and Filtering Process

One of the objectives of the proposed framework is to
filter the tourism information that mobile devices receive.
To realize this goal, CONCERT uses a set of semantic-
based rules by means of Jena2 Inference Support API. This
is a generic purpose rule-based reasoner, used to implement
RDFS and OWL reasoners as well. This reasoner supports
inference over RDF Graphs and provides forward chaining,
backward chaining and a hybrid execution model.
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Figure 4. CONCERT Architecture.

Following, the whole semantic rule-based generic rea-
soning, i.e. filtering, process is explained step by step as
suggested by Dong and Khadeer[18]:

Step 1: The visitor turns the CONCERT Framework-
based application on. The application, automatically detects
the visitor’s location. In addition to that, the visitor has
to manually introduce his/her personal information. This
information includes preferred language, motivation of the
journey and food preferences. The application can also
automatically read the visitor’s agenda to consider potential
time constraints. Should the agenda information not be
reachable or be non-existent, then the visitor could introduce
this information manually as well. The personal information
dialogue has been designed following the structure the
received information has to follow. This way, according
to the Contextual computing architecture two of the three
incoming parameters to the context manager, i.e. location
and personal preferences, are provided to the system.

Figure 5. Display of the application.

Step 2: The visitor then receives the information that is
available in the tourism information system. This informa-

tion is received in the mobile device through the digital
broadcasting Digital Radio Mondiale (DRM) standard, in
the DRM dissemination protocol Multimedia Distribution
Interface (MDI) following a particular XML-based structure
based on keywords, called Journaline Markup Language
(JML)[19]. The JML is compressed version of XML infor-
mation especially structured in order to be sent through MDI.
This JML file contains not only general tourism information,
but also additional context information to that provided
manually by the visitor, such as weather conditions at that
particular location, collected from the Internet.

Step 3: The Journaline viewer, in the client side, has
to decode the incoming information in JML into XML
files. The objective of this step is to provide a format of
the information that is easily manipulable by the context
manager.

Step 4: The Context Manager (figure 3) filters the in-
formation that has received by location and generates a
location-based XML file containing tourism information.
Following, the context manager checks the status of the
knowledge base. If it has some content from previous use,
it removes it from the knowledge base and stores it in the
context history repository and then, it fills the knowledge
base with the new XML file together with the user’s personal
information. Otherwise, the mapping is done straightfor-
wardly. The mapping process is completed through matching
predefined keywords of the XML file as individuals in
their corresponding classes within the ontology in order to
simplify data traffic between the context manager and the
knowledge base.

Step 5: The instances that the Context Manager has
provided to the ontology are the ones that are used to
perform the information filtering process and to generate
a context-based tourism information XML file. Once the
situational context has been loaded on the knowledge base,
the rule-based reasoning process begins by means of the
rules, an example of which can be seen below.

[ServiceOfferedToVisitor:
(?v rdf:type dcl:Visitor)

(?v dcl:usesDevice ?d)
... other rules ...

(?e dcl:offersTourismConcepts ?s)

⇒

print(?s, dcl:isServiceOffered, ?v)]

Each of the variables is depicted with a question mark.
The part of the rule before the arrow is the antecedent and
the one after is the consequent. If and only if the entire
antecedent is true, the consequent is triggered as an action,
i.e., as potential information to be displayed in the screen
of the visitor’s mobile device.
The premise of this way of calculating the triggering events



is that all the preferences are given the same weights. The
mathematical method is described as follows. Let be n cri-
teria {ck}nk=1 and a set A = {a1, . . . , am} of m alternatives
or options, i.e. the tourism services offered in a particular
environment. Let be the function Uk : A → {0, 1} such
that Uk(ai) = 1 if ai satisfies condition k and Uk(ai) = 0,
otherwise, for each criteria k = 1, . . . , n.

If all the criteria are equally important, the basic utility
function is defined as

V : A → {0, . . . , n}
ai →

∑
k Uk(ai)

and chosen alternatives are those whose utility function is
maximal, i.e., V (ai) = maxj V (aj). In the case that pref-
erences and conditions of execution of the triggered service
are orderd by their importance, c1 > c2 > c3 > · · · > cn,
the lexicografphic method (see [3], [15], [20] among many
others) to run the rules is applied. A reciprocal preference
relation R is defined on the set of alternatives A as follows

R : A×A → {0, 0.5, 1}
(ai, aj) → R(ai, aj) = Rij

where


Rij = 1 if Uk(ai) ≥ Uk(aj) for all k ≤ h− 1

and Uh(ai) > Uh(aj) for some criteria h
Rij = 0.5 if for all criteria k, Uk(ai) = Uk(aj).
Rij = 0 otherwise.

Let us recall that reciprocal means that Rij + Rji = 1.
Therefore, it suffices to observe Rij to get Rji. From this
relation, the set G(A, R) of R-greatest elements can be
considered (see [35]),

G(A, R) = {ai ∈ A | Rij ≥ 0.5 for all j ∈ [1, n]}.
Step 6: The XML file is further transformed into HTML

and it would then be ready to be displayed in any Web-
browser.

V. EVALUATION

This section shows the results of the experiments carried
out at CICtourGUNE’s lab to validate this research work.
The first step is testing the system, i.e. finding out how the
system works with respect to its mechanics. This allows
to know whether semantic technologies can be used to
filter digital broadcast information. This is presented in the
technical evaluation. Next is to find out how useful this is
in reality for visitors, i.e. whether the mechanics actually
produce results that are of any use for tourists. This is
presented in the user evaluation.

A. Technical and Performance Evaluation

The technical evaluation has been carried out according to
various critical variables, such as number of rules, process-
ing time, compilation time, heap memory and CPU usage.
The importance of these kinds of evaluations is not merely
to analyse current performance, but to be able to predict
the system’s performance in future potential scenarios as
well[11]. The experiments have been conducted on a Hewlett
Packard laptop. This machine runs on a Microsoft Windows
XP Operating System, Version 2002 SP 3 on Intel Core 2
Duo at 1.86 GHz with 4 GB of RAM memory.

The performance experiments have been carried out pop-
ulating the network of ontologies with a more or less
constant number of instances (73 in this case), and running
each time more number of and more complex rules on it.
The Context Manager constantly checks the existence of
instances in the classes of the ontology before introducing
a new one, thus minimizing the number of simultaneously
existing instances in the ontology and the computational load
it would entail[24]. Consequently, the number of instances
has not been considered critical and the evaluation has rather
focused on the number of rules executed in each of the
experiments, while maintaining the order of magnitude of
the triples. The reasoning tasks preformed in the ontology
correspond to checking whether a number of statements are
true in order to execute a certain command.

The average processing time is relatively high, 7.4 sec-
onds. However, for non-time-critical applications it is under
reasonable margins. Nonetheless, the amount of memory
consumed (42.37 Mb) is high as expected. There is a lot of
room for improvement in that regard, not only in having to
reduce the amount of memory consumption in the reasoning
process, but also, in making a more efficient use of the
CPU, which is rather low (13.72%). Semantic technologies
are very beneficial in terms of what can be achieved with
them. On the contrary, their computational requirements are
extremely high.

B. User Evaluation

User technology acceptance has become an increasingly
studied topic in information systems[10], [34], [37]. Much of
the previous research in this realm has used the technology
acceptance model, TAM[13]. Due to the importance of con-
cepts such as Perceived Utility (PU)[13] and Perceived Ease
Of Use (PEOU)[13], from a methodological perspective
the survey used for this user evaluation was designed on
the TAM literature, and in particular, it was adapted from
David’s studies[13], [14]. The measurement for behavioural
intention and background level were adapted from another
experiment work performed by Chesney[10] and Abdalla[1].

Altogether 30 participants freely volunteered to take part
in the experiment. 56% of them were males. 40% were
younger than 36. They all had as different backgrounds and
competencies as possible. It is important to bear in mind that



the CONCERT framework aims at being used by anyone,
regardless of how skilful one is with technology. Therefore,
the large variance on experience with technology accounts
for a very diverse sample that enhances the final results. The
educational level of the sample is relatively high, since 56%
of the participants had some kind of university degree. The
experiment was carried out with a PC laptop, the same used
for the technical evaluation.

Results show that 56% of the participants “strongly
agrees” that the CONCERT framework-based application
supported them on the move, whereas 44% “agrees” on
that same matter. 68% of the participants expressed that
the CONCERT framework-based application improved their
tourism experience, whereas only 4% argued that it had no
impact on it whatsoever. The application allowed to 60% of
the participants to more efficiently move around and 76% of
the participants said that the application made it easier for
them to find what they needed.

Regarding the ease of use of the application, i.e. the PEOU
construct, 40% “strong agrees” that it is easy to provide
personal information to the CONCERT framework based
application, 36% “agrees” and 20% “disagrees”.

VI. CONCLUSIONS

Current state of the art of mobile devices and communica-
tion technologies allow visitors to be connected to sources
of information in an anytime/anywhere manner. However,
finding useful information as a tourist in an unfamiliar place
is not easy due to the lack of familiarity with the location on
the one hand and to the interaction restrictions with mobile
devices on the other. This paper presents a specific context-
aware approach that comprehends the particular characteris-
tics and requirements of context information management in
tourism and thus, contextualizes the visitor and the visitor’s
situation.

The experiments carried out have focused on elucidating
whether digital broadcasting is (or not) an appropriate tech-
nology to disseminate tourism information and then, if it can
be processed by means of semantic-based rules. Evidence
obtained from the experiments has corroborated this issue.
However, due to the high memory requirements and low
performance of the CPU further research is needed in order
to reduce the size of the ontology, and therefore, reduce the
requirements in terms of memory and resource consumptions
to perform the reasoning. Additionally, apart from the low
data transfer rate, typical mobile phones are not yet equipped
with digital broadcast decoders.

The proposed framework observes the nature of human
mobility and opens new chances to study complex scenarios
in highly digitalized and hybrid spaces. As Internet-based
context information sources is a growing reality, there will
be no restrictions with respect to the areas where the
framework can be used. Other future research will concern
the application of fuzzy logic algorithms to the reasoning

process. The impact of the Internet of Things in the model of
context and in the context and tourism information gathering
is also something to be explored. One final point in the
agenda for future research is Cloud Computing and the fast
emerging field of mobile apps.
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