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Abstract: In this paper, it is introduced an Adaptive Context Aware application able to support a tourist inside a town. The 
system can guide the tourist in the discovery of a town proposing him/her resources and services mainly interesting for the 
user according to his/her interests and the position where he/she is. The objective is reached through the use of a system of 

description of the context through a graphical formalism named Context Dimension Tree. The entire approach has been 
tested inside the town of Salerno, in Italy, with very interesting results. 

CCS Concepts 
• Information systems~Information retrieval query processing   • Human-centered computing~Ubiquitous 
computing   • Human-centered computing~Mobile computing 
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I. INTRODUCTION 
 
The adoption of Future Internet (FI) technology and 
of its most challenging components like the Internet 
of Things (IoT) and the Internet of Services (IoS), can 
constitute the basic building blocks to progress 
towards a unified ICT platform for a variety of 
applications within the large framework of smart 
cities projects [1]. In addition, recent issues on 
participatory sensing, where every day mobile 
devices like cellular phones form interactive, 
participatory sensor networks enabling public and 
professional users to gather, analyze and share local 
knowledge [2], seem to fit the smartness requirements 
of a city in which also people have to play an active 
role. Eventually, the cloud computing technologies 
provides a natural infrastructure to support smart 
services [7].One of the fields that can take great 
advantages from such technologies is Tourism [3]. In 
this scenario, persons (citizens, tourists, etc.) and 
objects (cars, buildings, rooms, sculptures, etc.) 
equipped with appropriate devices (GPS, smart-
phone, video cameras, temperature/humidity sensors, 
etc.) constitute a particular social network in which 
all the mentioned entities can communicate 
[4].Exchanged and produced data can be exploited by 
a set of applications in order to make  the system 
“smart”. From a more general point of view, the 
social network can be seen as composed of a set of 
Single Smart Spaces (S3) (indoor museums, 
archaeological sites, old town centers, etc.), each 
needing particular ICT infrastructure and service that 
transforms the physical spaces into useful smart 
environments. Here, one of the most challenging and 
interesting research problem is to model context-
awareness in a S3 and design context aware 
applications able to provide useful data and services 
depending on the current context occurrences [8][9]. 

Context is not just a simple profile that describes the 
surroundings of data. Rather, the definition of context 
that usually is taken into account is that proposed by 
[13]: ‘Context is 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.’ 
Directly linked to the definition of context, there is 
that of context-awareness applications: applications 
that in some way are aware of the context where the 
user is and the capability to detect and react to the 
changes in the environment where it  is located [12].  
Again in [13], there is a definition of the context-
aware system: ‘A system is context-aware if it uses 
context to provide relevant information and/or 
services to the user, where relevancy depends on the 
user’s task.’ In practice, a system can be defined 
context aware when it takes advantage of the context 
to give important information and/or services to the 
user, where the importance depends on the user’s 
request and features. 
 

In this paper, we try to give an answer to the problem 
of the context representation using the Context 
Dimension Tree (CDT) formalism [5][6][10][14]. On 
the basis of what has been previously described, this 
work will be organized in this way: in the following 
paragraphs, we will introduce a motivating example 
and a context-based approach able to give, inside a 
little town, services and contents useful for the user. 
Some experimental results will be presented in the 
last part of the paper. 
 
II. MOTIVATING EXAMPLE 
 
In this section, we describe a typical application in 
the Tourist domain in order to better understand the 
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main features of the proposed system. In particular, 
we consider a tourist that during her/his vacation in 
Campania desires to visit Salerno, a beautiful town 
located in the South of Italy. To be considered smart, 
the environment related to the town of Salerno should 
provide a set of smart services for:suggesting the visit 
of the most important cultural places in Salerno; 
having information about the restaurants in Salerno; 
accessing to proper multimedia guides describing the 
main artworks that are in Salerno; recommending 
special visit paths (trekking paths, bicycle tours, …); 
monitoring the weather condition; showing the 
timetable of the transport services located in Salerno; 
saving the visit in a multimedia album; accessing to 
information about public services in Salerno (Post 
Office, Pharmacy,…).  
For improving their effectiveness, these services and 
contents have to be furnished to the user in the right 
context and at the right timing. Therefore, it is 
important the context awareness of the framework 
and the opportunity to use it by mobile devices [11]. 
Another important feature of the system is the ability 
to suggest resources that usually are not considered as 
mainstream. 
In order to give the most suitable contents to the 
users, in this paper we introduce a context aware 
system able to tailor data and services depending on 
the context and the users’ needs. For example, if the 
user   declared   as   preference   the   use   of   the 
transportation when he/she is close to a bus stop the 
timetable will be automatically downloaded on 
his/her smartphone. The same will happen when the 
user is close to restaurants: if he/she loves food based 
on fish, only this kind of restaurant or menu will be 
proposed. Data about resources and services are 
collected from a knowledge base built by a group of 
experts and collecting   information from the various 
social networks. 
In the following paragraph, we will present an 
approach to the management of the context and its 
associated services to make the previously introduced 
approaches concrete. 
 
III. A CDT BASED APPROACH 
 
A key element in the design of a contextual 
application and a Context Aware System is the 
representation and management of the context itself. 
The goal is to provide a mechanism of dynamic and 
automatic invocation of services considering the 
context through the Context Dimension Tree (CDT). 
CDT is a tree composed of a triad <r; N; A> where r 
indicates its root, N is the set of nodes of which it is 
made of and A is the set of arcs joining these nodes. 
CDT is used to be able to represent, in a graphic 
form, all possible contexts that you may have within 
an application. 
Nodes present within CDT are divided into two 
categories, namely dimension nodes and concept 
nodes. A dimension node, which is graphically 

represented by the color black, is a node that 
describes a possible dimension of the application 
domain; a concept node, on the other hand, is 
depicted by the color white and represents one of the 
possible values that a dimension may assume. Each 
node is identified through its type and a label. 
The children of the root node r are all dimension 
nodes, they are called top dimension and for each of 
them there may be a sub-tree. Leaf nodes, instead, 
must be concept nodes. A dimension node can have, 
as children, only concept nodes and, similarly, a 
concept node can have, as children, only dimension 
nodes. 
 
In addition to nodes, you can use other elements: the 
parameters, which may arise both from a dimension 
node (graphically represented by a white square) and 
from a concept node (white triangle), submitting them 
to particular constraints.  
In figure 1, it is shown a general designed CDT, 
called Meta CDT, which is the starting point for the 
design of a specific CDT that can be exploited in 
contextual applications. 
 
You may note six top dimensions, which correspond 
to the questions of the 5W1H method: Location 
(WHERE), Role (WHO), Time (WHEN), Situation 
(HOW), Interests (WHAT) and Utilization (WHY).In 
particular, there are two types of users and eleven 
categories of interests. 
A context element is defined as an assignment 
d_namei = value, where d_namei indicates a possible 
size  or  undersize  of  CDT  (it  is  the  label  of  a 
dimension node), while value may represent the label 
of one of the concept nodes that are children of the 
considered   dimension   node   or   the   value   of   a 
parameter referring to one of these concept nodes or 
the value of a parameter referring to the considered 
dimension node. 
 
For example, these assignments are possible context 
elements: Interest = tourism, Location = LocationID 
(ID = 3), Role = user, Utilization = holiday. 
A context is specified as: ˄ (d_namei = value). 
It is defined as an “and” among different context 
elements. 
Several context elements, combined with each other 
by means of an “and”, damage, therefore, the origin 
of a context. 
For example, a possible framework that can be 
obtained from the previously seen CDT, through the 
context element that we have listed, is: 

C = (Location = locationID (ID=3)) ˄ (Role= user 
(ID=15))˄ (Time = now) ˄ (Situation = routine) ˄ 

(Interest = tourism) 
˄ (Utilization = holiday) 

The context is defined as a user, interested in tourism, 
who uses the contextual app on vacation, in a called 
place. 
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Figure 1. Meta CDT for contextual applications. 

 

1.1 Methodologies and phase to obtain contextual 
service 

The methodology has been realized in order to 
manage the database and to carry out reductions of 
their content based on the context. 
The purpose is to help the designer in the definition 
of all contexts relevant to the considered application 
and, later, in the association to each context of the 
portion of the database containing the relevant data 
about the context. 
The methodology consists of three main phases, 
which we will see in detail later: design phase of the 
CDT, definition phase of partial views and 
composition phase of global views. 
1. Design phase of the Context Tree: in this phase, 

the CDT is designed to identify significant 
context elements for the considered application. 
In fact, it focuses on the definition of contexts 
and on the elements that compose them. These 
contexts must be identified and shaped, 
indicating particular elements that characterize 
each of them. As it has been said, it is available 
a special tool called CDT to make context 
design.CDT were made for specific 
environments in order to represent and manage a 
multitude of different contexts and in order to 
identify, represent, preserve and make available 
cultural points for each type of user. 

2. Definition phase of partial views: after the 
definition of all the contexts and their context 
elements, in this step a different portion of the 
database is associated to each context element, 
containing the relevant data for it. In practice, 
the goal is to find the appropriate value for a 
given dimension, in order to obtain, by means of 
the values of all the dimensions, a valid query 
and specific to the context in which the user is 
located. 

3. Composition phase of global views: this is the 
phase where you have the automatic generation 
of views associated with each context, which is 
made starting from partial views associated with 
context elements. After the creation of the 
global views of the contexts, the answers to 
questions that will be asked to the system will 

be developed from these views and, in 
particular, from the view associated with the 
context in which you are located when the query 
is performed. 

In particular, once defined the values for each 
dimension, you can use all the information obtained 
in order to identify the right context and offer data 
and services customized for the user. 
In the next paragraph, more details about the system 
architecture and the application of the proposed 
approach in real context will be furnished. 
1.2 System Architecture 
We have made a Context Aware System, whose 
architecture is shown in figure 2, able to adapt useful 
data and services to users based on the context. 
Context awareness is particularly important in 
ubiquitous systems and mobile applications for 
groups of users. 
In fact, given the ever-increasing variety of 
interaction devices (fixed and mobile) and application 
use contexts, it becomes increasingly necessary to 
develop Context Aware systems that manage 
information that makes unique and distinguish each 
human-machine  interaction. 
The architecture of our model is composed of: the 
Context Aware Module (CAM), which is the main 
engine and considers the context in reference to the 
obtained data (contextual information), in particular 
position (GPS location), interests and role (obtained 
during registration) of each user; the Knowledge Base 
Module, a special type of database for the 
management of knowledge and information: in 
particular “Users”, representing all users of the 
application, “Services”, which describes all  the 
services of every possible application context, 
“Resources”, which forms all the points of interest 
and “Events”, which describes all events; and finally 
the Management Module (MM), used both by the 
administrators of the app and the users themselves. 
This module deals with some important issues, 
including: POIs management, where the insertion can 
be done directly from map, manually or by search of 
interests, interacting in the last two cases with Google 
Maps; services, comments and events management, 
interacting with TripAdvisor and Facebook/Twitter 
API. 
 

 
Figure 2. System Architecture. 

http://iraj.in


International Journal of Management and Applied Science, ISSN: 2394-7926                                                 Volume-3, Issue-10, Oct.-2017 
http://iraj.in 

Context Aware Computing for E-Tourism: A Contextualmobile Application for Promoting Cultural Heritage 
 

15 

IV. A CONTEXTUAL MOBILE APPLICATION 
 
In this section, we will present a contextual app 
designed and implemented according to what was 
described previously. In particular, we have thought 
to apply the approach to the context of the town of 
Salerno, a  municipality in Campania (Italy) of about 
135.261 inhabitants and with an extension of 59,85 
square km. Along with the Municipality of Salerno, a 
reference CDT has been designed. In this phase, we 
have collected the potentially useful services and 
contents for the citizens and situated them on the map 
defining the activation zones (figure 3). 

 
Figure 3. Definition of the activation areas. 

 
Moreover, we have defined the different typologies of 
citizens associating them to a previously established 
set of services and contents. Having the town a series 
of artistic contents, we have developed services and 
contents in support of them too. A series of services 
and contents considered transversal have been made 
available to all the typologies of users.All information 
about places of worship and shops has been uploaded, 
for any building or area of potential. 
The App has been developed with hybrid 
technologies (Apache Cordova and Ionic Framework) 
to allow an easier publication both in Android and 
Apple environment. 
It has many features: contents, including descriptions, 
images and services, tailored to interests, profile and 
location users, planning a route based on user’s 
interests and his/her preferences of travel, exploration 
of the surroundings from the current position, custom 
QR Code reader, weather and news on the site, search 
and insertion of events, the comments section, display 
position and points  of interest on the map, with 
integration of the navigator on the smartphone to 
reach specific ones. 
In figure 4 is shown an application screenshot. 

 
Figure 4. Screenshot of contextual application. 

The App has been presented to various tourists in 
December 2016 and January 2017 during 10 
workshops. They have been involved overall about 
500 tourists between 18 and 50 years old. During 
each workshop, the app has been installed on the 
mobile devices of the tourists. For each of them the 
system has started to supply personalized itineraries. 
After a week the system has given a questionnaire of 
7affirmation to each tourist. To every question 
present in the section, 5 possible answers have been 
associated: I totally agree – I agree – Undecided – I 
disagree- I totally disagree. The questionnaire in 
detail is the following: 
• A1. The App gives the user tailor-made contents 

and services. 
• A2. The App allows the user to know several 

points of interest of the Old Town Center of 
Salerno. 

• A3. The App supplies contents and services in 
the right place. 

• A4. The App supplies services according to the 
interests selected in the user profile. 

• A5. The services associated to the points of 
interest allow a higher immediacy than a classic 
research on the Internet. 

• A6. The plan itinerary service allows easily 
realizing an itinerary in the Old Town Center of 
Salerno according to the user’s preferences. 

• A7. The explore surroundings service is very 
useful to knowwhat there is nearby and 
eventually reach them. 

As can noticed from the figure 5, users show great 
appreciation for the app. In general, they appreciated 
the proposed contents and services. 

 
Figure 5. Analysis of the questionnaire 

 
CONCLUSIONS 
 

In this paper, we have presented an app able to offer 
services and contents personalized for the needs of 
the user according to the context where he/she is. The 
app bases its contextual functioning on the adoption 
of the CDT that is able to shape the context and the 
actions to implement. The app has been developed for 
the needs of a little Italian town and the first results 
have been satisfying. The following activities have as 
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purpose the application of the proposed methodology 
to more complex environments, for dimension and 
number of potential points of interest to manage. 
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