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ABSTRACT
With the growing availability of geo-referenced information
on the Web, the problem of spatial information overload
has attracted interest both in the commercial and academic
world. In order to tackle this issue, personalisation techniques can be used to tailor spatial contents based upon
user interests. RecoMap, the system described in this paper, deducts user interests by monitoring user interaction
and context to provide personalised spatial recommendations. After an overview of existing recommendation systems within the geospatial domain, the novel approach adopted by RecoMap to produce such recommendations is described. A case study related to a university campus setting
is used to outline an application of this technique. Details
of the implementation and initial testing of this prototype
are provided.

Categories and Subject Descriptors
H.5.2 [User Interfaces (D.2.2, H.1.2, I.3.6)]: User-centered
design; I.2.1 [Applications and Expert Systems (H.4,
J)]: Cartography; H.5.1 [Multimedia Information Systems]: Hypertext navigation and maps

General Terms
Geographical Information Systems, User profiling, Map personalisation, Recommender systems
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sonalisation, Recommender systems

1.

INTRODUCTION

Due to the steady growth of location-based services, spatial information overload has increasingly become problematic [18]. In the geo-spatial domain this issue is addressed
through user profiling techniques aimed at modelling user
interests [10]. Ideally, a geographical information system
should be able to tailor personalised maps and functionality
for a specific user. This is often achieved through the use
of non-automated system customisation options. However,
this approach requires explicit input, which can be time consuming, distorted by subjectivity and distract the user from
their main task [17]. Traditional systems often allow the
user to toggle off layers of map content which may be irrelevant to the current task and contributing to display clutter
[8]. This level of explicit customisation is of limited use as
there is still potential for information overload to be problematic with customisation occuring at the semantic level,
rather than on an individual object basis.
By implicitly profiling the user, an insight into their preferences can be gained which permits the automatic personalisation of information and map content. As the personalisation is implicit, there is a larger scope for preference
variability. As a result, such personalisation can be performed at the finer-grained object level. Furthermore, as it
is non-intrusive, it does not disrupt the current task of the
user [6] and as they must interact with the system to obtain
the required information, implicit profiling has an intrinsic
100% completion statistic. There are numerous possibilities
for spatial systems to gain an implicit insight into a user’s
information preferences, intentions, and context based on
their interactions with map contents.
Several Web-based systems employ an implicit profiling
approach based on user actions such as link clicking, page
printing, or booking, which act as interest indicators in the
contents of a webpage. This approach has also been developed in the geo-spatial domain based on user interactions
with map contents [10, 4, 16]. Different indicators have differing strengths and weaknesses depending on the circum-

stances of their application. This paper describes one such
approach called RecoMap. This is a new application which
presents personalised and adaptive maps to users, based not
only on their preferences but also on their context which
are both observed implicitly. In order to demonstrate the
benefits of this approach, a prototype, to assist users of an
interactive university campus map, has been implemented.
This paper is organised as follows: Section 2 discusses
related work in the area of user profiling and spatial recommendation systems. Section 3 outlines the system architecture and implementation with detailed description of the
core algorithm used in RecoMap. Section 4 details the prototype which has been developed to evaluate the approach.
In Section 5, conclusions on the paper are made and directions for future work are identified and discussed.

2. RELATED WORK
Understanding user’s behavior constitutes the core of several interface personalisation techniques. Web user profiling
has attracted huge interest both in academia and industry
- Kobsa analyses the e-commerce economic boom related
to user profiling in the late 90s [7] - and many techniques
have been developed and successfully deployed during the
last decade [12, 2]. Numerous approaches to filter out irrelevant information from large data sets through user profiling
have been proposed. According to Wu et al. [17], two main
types of profiling have been identified: static and dynamic.
The former, which aims at collecting characteristics from
users themselves, is intrinsicly intrusive into the user interaction, prone to subjectivity and fails to reflect the volatile
nature of interest [17]. The latter is the process of deducting user interests solely through analysis of interaction with
the system. These approaches are usually utilised in specific
applications such as personalisation and recommendation.
A consistent body of work has also been carried out in the
field of traditional recommendation systems to infer user interests. Balabanovic [3] has defined as content-based a recommendation based solely on a profile built up by analyzing
the content of items which a specific user has rated in the
past, whilst a collaborative recommendation relies on a similarity measure among user profiles, without taking the item
content into account. Most recommendation systems combine both to overcome the limitations of each approach [14,
3]. Albadvi et al. have conducted an extensive survey on
these hybrid techniques [1].
Despite the extensive body of research in web personalisation and recommendation, comparatively little work has
been carried out in the field of location-based recommendation, whose commercial potential has become apparent in
recent years [15]. To date, the systems which have emerged
are diverse and not widely adopted. Hippie [13] is a personalised location-based content delivery service, tailored for
museums. It adopts a tagging system to give the user information related to their position. On the other hand, in the
field of implicit feedback analysis, CoMPASS [16] is a GIS
application that monitors user interaction to recommend semantic groups of objects, such as layers, to users. Similarly,
the system described by Mac Aoidh [9] registers user mouse
interactions to elicit interests, with the intention of providing recommendations at the object level. PILGRIM [4] is
another spatial-aware application which recommends web
resources to users based on their location, relying on the
spatial dimension of Web documents, with the assumption

Figure 1: System architecture
that proximity is relevant in interest determination.
Unlike the systems described above, RecoMap combines
dynamic and static profiling to provide the user with personalised spatial recommendations through a combination of
user context management and user profiling. Additionally,
RecoMap extends previous work on implicit feedback analysis [9, 16] by considering context when making personalised
recommendations. This approach has received little attention thus far. While Hippie recommends contents based on
user location, it does not build a user profile to analyse user
behaviour over time, which is a key feature of RecoMap.
Similarly, while PILGRIM is focused on web pages, RecoMap also recommends complex spatial items (buildings,
parks, points of interests, etc). Furthermore, CoMPASS operates at the semantic level and, like Mac Aoidh’s tool, does
not take context into account while RecoMap infers user interests from their context at the object level.

3.

RECOMAP

RecoMap consists of a modular interactive application
that renders a vector map and recommends spatial items
and associated information by inferring user interests from
implicit feedback indicators and user context. The system
architecture, shown in Figure 1, is based on the context management toolkit proposed by Zimmermann et al. [19]. This
toolkit integrates user modeling with context modeling and
offers a design architecture very suitable for such applications. The context sensors collect information and stream
it to the context management system, whose internal details
are described in the following section.
The main component of RecoMap is the Context Management System (CMS), which receives information about
the user context from the sensors and provides recommendations to the user. The Context Toolkit is the core of the
CMS and the 5 layers which constitute it are described be-

low.
The Sensor layer receives information about the user
context (user location, an interest radius calculated upon the
user speed, time of the day), and their interactions the GUI
(mouse clicks and other events). These details are collected
in the user profile and are available for the other layers to
process.
The semantic structure of the system is defined in the
Semantic layer. The user world is a set of items stored in
a spatial database. An item is either a complex geometry (a
polygon) or a point of interest representing a geographical
entity which the user might have interest in and interact
with. Certain items (such as restaurants, shops, etc) can
be associated with relevant resources on the World Wide
Web (such as web sites or web services). These items are
displayed on an interactive digital map (Figure 2).
The Process Layer monitors the evolution of the user
profile as it is updated by the Sensor Layer. It assigns an
interest score to each item located within the current interest
radius. The interest score α for the item i is calculated with
Equation (1) taking into account both historical interactions
(interaction) and current user routing distance from the item
(proximity)

PR + IR = 1,

αi = Pi PR + Ii IR
Pi ∈ [0, 1], Ii ∈ [0, 1]

(1)

PR and IR are respectively the proximity ratio and the
interaction ratio, meaning the weight the system attributes
to each indicator. The preliminary evaluation has been conducted with PR = 0.2 and IR = 0.8, emphasising interaction
over proximity. Furthermore, the proximity score Pi and the
interaction score Ii are normalised between the maximum
and minimum score among the items within the proximity
score, as illustrated in Equation (2).
|Pi | − |Pmin |
, |Pi | ∈ [0, ∞)
|Pmax | − |Pmin |
(2)
|Ii | − |Imin |
, |Ii | ∈ [0, ∞)
Ii =
|Imax | − |Imin |
|Ii | is a non-negative real number incremented by a fixed
value at every interaction, representing the degree of interest expressed toward the item i (e.g. a mouse click directly
on the item increments |Ii | by 0.01 and a click on a recommended item by 0.05). Similarly, |Pi | is intended to represent the ‘spatial interest’ shown implicitly by the user position in the physical world: the more the user spends time
close to an item, the higher |Pi | becomes. Given the volatile
nature of user interests [17], a time decay function based
upon the days elapsed since the last interaction with the
item i is applied on |Ii | and |Pi |.
When a certain condition occurs in the user context and
profile (e.g. user heads toward a new area), the Control
layer triggers an adaptive action. For example, when the
user either starts to explore a new area or alters the user
profile by interacting with the map, the control layer obtains new recommended items, which have the highest interest score at a given time for a given location.
The Indicator/Actuator layer contains the Graphical
User Interface (GUI) of RecoMap. The GUI is compatible on multiple platforms including PDAs, tablet PCs and
iPhones. As shown in Figure 2, it consists of an interactive map and an information panel. The map has a set of
Pi =

intuitive functions including zoom, pan and drag. The recommended items are visually highlighted with a bold outline
and a stronger colour. The current user location and their
historical locations from the Sensor Layer are presented with
a trace and a highlighted icon which helps the user visualise
the items’ spatial layout.
The information panel, on the right hand side of the GUI,
consists of a list of html links and previews of recommended
items. When a recommended item is clicked, the panel displays information associated with it and the system acknowledges a successful recommendation by incrementing the interaction score of the item via the Control Layer. Below
this, the browser window shows further details of the item
the user is interacting with.

4.

PROTOTYPE

The prototype has been implemented using OpenMapTM ,
a JavaTM open-source framework specific for geographical information systems (http:// openmap.bbn.com). PostGIS,
an open-source spatial extension for the PostgreSQL database
management system, is used for storing and accessing spatial items and user profiles. The campus dataset used in the
prototype has been extracted from OpenStreetMap (http://
www.openstreetmap.org).
A campus navigation and recommendation tool was developed to demonstrate how RecoMap can be used. The prototype consists of an interactive map of University College
Dublin. The vector map data consists of polygons, polylines
and points of interest representing the footprints of campus
buildings, roads, walkways and various amenities. Additionally, web resources associated with the different on-campus
amenities are maintained. A user session starts when the
user logs into the system. RecoMap makes recommendations based on user position and on the information previously recorded in the user profile. The recommended items
are highlighted in red on the map interface and are also listed
in the tabbed panel to the right of the map (Figure 2). The
location, time and interactions with the interface are continuously recorded and used to update the profile. As the user
location changes, so too do their recommendations. Should
the actual user interests change, the time decay function
reduces the relevance of previous older interests and more
recent ones promptly become more prominent in the profile.
When the user logs out of the system, their session is terminated and all the recorded interactions are permanently
stored in their profile to be used in future sessions.

5.

CONCLUSIONS AND FUTURE WORK

This paper has described RecoMap, a spatial recommendation system that relies on implicit feedback analysis [9,
16] in order to infer user interests and provide spatial recommendations. Its main contribution involves extending
current techniques by incorporating user context to develop
novel algorithms and personalise spatial contents. Based on
a context management framework [19], a layered approach is
adopted. RecoMap has separate components for sensing the
user context and for recording interaction in order to build
a dynamic user profile. The algorithm at the core of the
system assigns interest scores to spatial items by combining
previous interactions and proximity. A time decay function
is also applied to handle shifts in user interests over time.
A prototype has been developed to offer a campus navi-

Figure 2: RecoMap: Campus Navigation Example
gation and recommendation tool. It appropriately demonstrates the application of RecoMap in a specific domain by
recommending items at the map level to users of an interactive campus map. Preferences are obtained implicitly and
combined with context in order to make suitable recommendations. In order to test the prototype, a set of navigational
paths representing movements of specific categories of users
were recorded on the campus at University College Dublin.
These paths were used in conjunction with mouse clicks to
simulate several users interacting with the system. Thus,
user profiles were automatically generated and used to make
recommendations. These simulations have illustrated the
potential value and effectivness of the apporach followed by
RecoMap.
The next step to evaluate the impact of the RecoMap
platform is to conduct a longitudinal study using the campus prototype and test subjects. This study will also enable
refactoring, based on user and system feedback, to take place
in order to strenghten the algorithm and implementation.
Research in the area of user personalisation in LocationBased Services continues to grow. Within this domain the
use of ontologies [11] for offering alternative recommendations needs to be investigated. Ontologies will enable, not
only previously visited map items to be recommended, but
also items that the ontology classes as similar. Additionally,
the role of group profiles [5], which could further improve
the quality of recommendations, needs to be studied. Determining similarities between individual user profiles enables
grouping to take place. Using these collective profiles will
increase the relevance of the recommendations and enable

new items to be suggested to users of RecoMap.
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